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Module IX: FARM MECHANIZATION

9.1. A. Farm Mechanization: Scope and Importance

Farm mechanization refers to application of mechanical tools, equipment and machines to carry out
various agricultural operations namely tillage, seed bed preparation, sowing, weeding and interculture,
spraying of agro chemicals, harvesting, threshing and post harvest handling. India is a country of diverse
agricultural crops and practices. Each agro ecological zone in the country demands separate and specialized
mechanization solutions to combat scarcity of labour and to counter escalating operational costs.

The agricultural workers’ share in the total power availability was about 16.3% in 1960-61
which is going to reduce to 2.3% by 2032-33 (Tiwari et al., 2019). Indian market is more reliant on
increasing agricultural output, promotion of farm mechanization takes driver’s seat in overall agricultural
development.

1. Status of Farm Mechanization in India

The average farm power availability in India has increased from 0.48 kW/ha in 1975-76 to 1.84 kW
/ha in 2013-14 and 2.49 kW/ha in 2018-19, which needs to reach at least 4.0 kW/ha by 2030 to negate
increasing demand of food grains (Mehta et al., 2019). In comparison to developed economies like US,
Canada, Japan and few European countries, where farm mechanization has exceeded 90%, Farm
mechanization level in India is still between 40 and 45% (Table 1).

The adoption of farm mechanization among the Indian farming community is need of the hour for
continuing the sustainable development. The adoption of mechanized solutions in Indian agriculture is being
driven by a number of macroeconomic and inherent factors, including the growing population, urbanization,
and surge in agricultural exports like tractors, improved flow of agricultural credit, labour migration and
shortages, in addition to the agricultural, social, and economic growth drivers of mechanization. In the
contemporary scenario, farm mechanization start-ups, especially those built on the farming as a service
(FAAS) model, are rapidly integrating technology with an emphasis on precision agriculture in India.

In order to increase the effectiveness of their equipment and obtain a competitive advantage, the
majority of agriculture machinery manufacturers are currently concentrating on integrating latest technologies
like robotics, Global Positioning System (GPS), Artificial Intelligence (Al), Machine Learning (ML) and loT
modules. This is paving the way for Farm Mechanization 2.0 in Indian agriculture.

2. Need for small farm mechanization

Looking at the pattern of land holding in India, it is evident that about 84 % of the holdings are below
1 ha which is categorized as marginal holdings. There is an urgent need for special efforts in farm
mechanization for small and marginal categories of farmers to enhance production and productivity of
agriculture. In the existing scenario of land fragmentation and resulting continued shrinkage of average size
of operational holdings, percentage of marginal, small and semi-medium operational holdings is likely to
increase. Such small holding makes individual ownership of agricultural machinery uneconomic and
operationally unviable. ‘Custom Hiring Centers of Agricultural Machineries’ operated by Cooperative
Societies, Self Help Groups and private/rural entrepreneur can be the alternatives in enabling easy availability
of farm machineries to the farmers and bringing about improvement of farm productivity for the benefits of
Small & Marginal farmers.

Table 1: Mechanization levels in India

Mechanization levels for field operations, %

Sowing/ Weeding and
Seed bed planting/  interculture and Harvesting
Major crops preparation transplanting plant protection and threshing
Rice 70 20 30 60
Wheat 70 60 50 70
Maize 60 40 30 30
Sorghum and millets 50 30 15 10
Pulses 50 40 20 25
Oilseed 50 40 20 25
Cotton 50 30 25 0
Sugarcane 55 10 20 10

Source: Mehta et al. (2019)
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9.2. B. Name and Utility of Various Farm Implements and Machinery

Farm implements and machinery are required at every stage of crop production and for varied
cropping systems, which include horticulture, agro forestry and small scale home gardening. Various farm
implements ranging from small hand tools to high powered tractor operated machineries have been developed
and available in Indian markets. Farm equipment can be categorized into various categories based on their
operational utility such as:

i.  Tillage and Seedbed Preparation Equipment
ii.  Sowing and Transplanting Equipment
ili.  Weeding and Interculture Equipment
iv.  Plant Protection Equipment
V. Harvesting and Threshing Equipment
vi.  Crop Residue Management Equipment
Mould board plough

e Cuts, inverts and partially pulverizes the soil.

e Depth of working: Up to 30 cm

e Available in fixed and reversible types

e Field capacity: 0.2 - 1 ha/h (depending on number of plough bottoms)
Disc Plough

e Used in sticky and non-scouring soils where MB plough doesn’t penetrate.
e Standard and Vertical disc ploughs
e Field capacity: 0.4 ha/h

Chisel plough
e Consists of a long shank with narrow reversible shovel
e Working depth 15 to 45 cm.
e Breaks the plough sole formed due to continuous ploughing operation
e Field capacity: 0.6 to 0.8 ha/h

Sub soiler
e Breaks open the hard pan of soil under the top soil and creates lateral cuts.
e Improves infiltration capacity of soil.
e Working depth: Up to 90 cm.

Disc Harrow

e Made up of number of concave discs of 46-56 cm in diameter, fitted 15 cm apart.
e Two sets of discs are mounted on different axles.
e Discs cut through the soil and effectively pulverize clods.
e Types: Single action, double action, tandem and offset types.
[ ]
Cultivator

e Has 5 to 9 tines fitted with reversible shovels for piercing the soil and breaking clods.
e These tines penetrate up to a depth of 20 cm in heavy models.
e Field capacity: 0.8 to 1.2 ha/h

Rotavator
e Regarded as primary and secondary tillage equipment due to its operational versatility.
e Operated by tractor power take off (PTO) shaft.
e Consists of main frame, primary and secondary gear boxes, rotor axle with blades mounted in
spiral pattern.
e Creates fine tilth of soil by breaking clods.
e Field capacity: 0.3 to 0.6 ha/h

Cage wheels with puddler

2|Page
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Used in lowlands for preparing seedbed for transplanting of rice.
Two variants: Half cage wheels and full cage wheels

Working depth: Up to 20 cm.

Field capacity: 0.6 to 0.8 ha/h

Blade Harrow (Guntaka)
e Has a fixed horizontal blade, which enters into the soil and travels below the top soil at a
constant depth.
e This harrow cuts the weeds, eradicate all weeds except those which have underground bulbs.

Leveling blade
e Used for leveling and grading of land after secondary tillage operation.
e Consists of main frame and leveling bucket hitched to the tractor.
e Field capacity: 0.8 to 1.2 ha/h

Automatic Seed cum Fertilizer Drill
e Performs sowing and drilling of granular fertilizer simultaneously.
e It consists of 7 to 11 furrow openers, seed hopper, seed and fertilizer metering mechanism,
chain drive and ground wheel.
e Seed metering mechanisms are adjustable types to suit different seeds.
e Field capacity: 0.4 to 0.8 ha/h

Planter
e Planter differs from seed drill by the seed metering system and accuracy in seed placement.
e Planters consist of precision seed meters such as cell feed or pneumatic type or plate type seed
metering mechanisms.
e Reduces seed rate and gives optimum plant population

Rice Transplanter
e Used for transplanting of rice seedlings
e Rice transplanters are available as manually operated and riding type.
e Covers 4 to 6 rows of transplanting

Zero Till Seed Drill
e Used for direct drilling of seeds without opening the furrow.
e Popular in sowing of wheat in rice fallows.
e Conserves soil moisture and reduces extensive soil tillage

Long handled manual weeders
e Long handled weeders are used for weeding in row crops for removing shallow rooted weeds.
e Useful in dry land and garden land crops when the soil moisture content is 8-10 percent.
e They are manually operated.
e One-man labour covers 0.05 ha/day.

Cono Weeder
e Manually operated weeder used for weed control in low lands.
e Consists of a long handle attached with cone shaped weeding drums and float.
e Field capacity: 0.03 to 0.05 ha/day

Power Weeder
e Walk behind type weeder with rotary blade attachment.
e Powered by diesel or petrol fuel IC engine.
e Can be used for weeding in wide row crops.

3|Page
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e Field capacity: 0.05 to 0.12 ha/day

Tractor Operated Rotary Weeder
e Operated by tractor PTO and has 2 to 3 weeding rotors operating between the rows.
e Used for weeding in wide row crops such as Redgram and Cotton.
e Field capacity: 0.3 to 0.5 ha/h

Knapsack Sprayer
e Used for spraying in various row crops and orchard crops.
Powered by either IC engine or electric battery.
Operator carries the sprayer on the back
Spray tank capacity: 10 to 16 litres
Field capacity: 0.4 ha/day

Tractor operated Boom Sprayer
e Consists of spray pump operated by tractor PTO to generate pressure.

e Adjustable nozzles are mounted on the boom of 5 to 7 m wide.
e Suitable for high volume spraying in row crops.
e Spray tank capacity: 200 to 400 litres
e Field capacity: 0.8 to 1.6 ha/h
Orchard Sprayer

e Tractor PTO operated

Suitable for spraying in dense orchards
Spraying range: upto10 m

Tank capacity: 400-600 litres

No. of nozzles: 10

Application rate: 150-200 I/ha

Field capacity: 30-35 Trees/hour

Drone sprayer
e Unmanned aerial spraying machine
Suitable for all types of crops
Spraying height: Upto 20 m above the ground level
Speed of operation: 5 to 12 km/h
Field capacity: 1.5 - 2 ha/h
Application rate: 10-15 I/ha

Vertical Conveyor Reaper
e Cuts and windrows selected row crops like rice and wheet.
e Powered by diesel engine of 5 to 8 hp capacity.
e Suitable for small land holdings
e Field capacity: 0.2 ha/day

Combine Harvester
e Performs multiple operations of harvesting, threshing and grain cleaning or field crops.
e Tractor mounted and self propelled types
e Field capacity: 1.2 to 1.6 ha/h

Root crop digger
o Used for harvesting root crops like potato, onion, groundnut and tapioca etc.
e Consists of digging blade for uprooting the crops and conveying mechanism for windrowing
dug roots.
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e Field capacity: 0.4 to 0.6 ha/h

Multi Crop Thresher
e Used for separating grains from earheads of plants.
e Either engine operated or tractor operated
e Capacity: 800 to 1500 kg/h

Mulcher
e Tractor operated equipment that performs cutting and shredding of crop residue after
harvesting

e Consists of V-shaped hanging blades for shredding
e The shred crop residue is left on the field as mulch.
e Field capacity: 0.6 to 0.8 ha/h

Roto Slasher
Consists of vertical axis rotating blade chopping the stubbles of harvested crops.

e Operated by tractor PTO through the gearbox
e Suitable for tall crops like maize and sunflower.
e Field capacity: 0.6 to 0.8 ha/h

Baler

e Handles pre-cut crop residues laid in the form of swath or widrows.

Consists of picking unit, compression unit and binding unit.

Gathers the crop, densifies and binds into bundles of suitable sizes for storage and treatment.
Two types of balers: Round balers and Rectangular balers.

Commonly used farm implements to carry out above mentioned farm operations and their
utility are discussed below.

M B Plough M B Plough Disc Plough Chisel plough

Sub soiler Disc Harrow Disc Harrow Cultivator
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Drone sprayer Vertical Conveyor Reaper Combine Harvester Root crop digger

Multi Crop Thresher Mulcher Roto Slasher Baler

9.3. C. Sources and Cost estimation of Farm Implements and Machinery

The cost of using farm machinery consists of expenses for ownership and operation, and overhead
charges. It may also include a margin for profit. Ownership costs are independent of use and are often called
as fixed costs. Costs for operation vary directly with use and are referred to as variable costs.

A summary of cost items is given below:
a) Fixed Costs:

1) Depreciation;

2) Interest on investment;

3) Insurance and taxes (property, registration and road); and

4) Housing.

b) Variable Costs:

1) Fuel,

2) Lubricating oil,

3) Repair and maintenance, and

4) Wages and labour charges.

c) Overheads
a. Fixed Costs
1) Depreciation: This cost reflects the reduction in value of a machine with use (wear) and time

(obsolescence). While actual depreciation would depend on the sale price of the machine after its use,

on the basis of different computational methods depreciation can be estimated. The following formula

based on straight-line method is recommended:

Where,
D = Depreciation cost, average per year;
P = Purchase price of the machine;
S = Residual value of the machine

7|Page
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L = Useful life of the machine in years (Refer Annexure 1)

2) Interest: Annual charges of interest should be calculated on the basis of the actual rate of interest
payable. If this information is notavailable, 12 percent of average purchase price should be taken.
Average purchase price shall be calculated by the following formula:

P+S

)
Where,
A = Average purchase price,
P = Purchase price of the machine, and
S = Residual value of the machine.

3) Insurance and Taxes: Actual amount paid or to be paid annually for insurance and annual taxes, if
any should be charged. If the information is not available, it may be calculated on the basis of 2
percent of the average purchase price of the machine.

4) Housing: It should be calculated on the basis of 1.5 percent of the average purchase price of the
machine.

b. Variable Costs

1) Fuel: Fuel consumption depends on the size of the power unit, load factor and operating conditions.
The actual consumption can be observed while the machine is working or may be taken from the
results obtained at official testing stations. Average fuel consumption can also be estimated by the
following formulae:

a)A=0.15xB
Where,
A = average diesel consumption in I/h,
B = rated power in kW.
b)C=0.25xB
Where
C = average petrol consumption in I/h,
B = rated power in kW.

2) Oil: The actual oil consumption should be recorded while the machine is working. In case oil
consumption data is not available, oil consumption may be taken as 2.5 to 3 percent of the fuel
consumption on volume basis.

3) Repair and maintenance cost: It will be taken as 10 % of the purchase price of machine per year.

4) Wages and Labour Charges: In performing custom work, the cost of at least one operator has to be
included. Sometimes an assistant may also be engaged. One or both of them may be employed on a
yearly basis, and the yearly cost of the operators is equal to the wages paid plus any allowances to
which they may be entitled. Average cost per hour may be computed by dividing the total cost by the
number of hours the operator has performed the work. This cost is, of course, higher than the average
per hour work on the farm because part of the time will be used for travelling, interruptions and
moving machines from one farm to another, and this is not paid for directly by the customers.

¢. Overhead Charges:

This includes charges for supervision and establishment and interest on working capital if
applicable. It should be assumed as 20 percent of the sum of fixed and variable costs.
Total Cost per Hour

The sum of fixed cost, variable cost and overheads per hour shall give the total cost.

Total Cost per Hectare

The total cost per hectare may be obtained on the basis of field capacity of the machine. The
data regarding kind of machine, its working width, average speed of travel, size and shape of the fields and
travel conditions should be recorded by the contractor since this kind of data would be very useful and would
be sufficiently accurate. However, if, no such data is available, the estimation of field capacity should be made
by calculation on the basis of the following formula:

S xwW E

10 7100

Where
C = Effective field capacity in hectare per hour,
S = Speed of travel in km per hour,
W = Theoretical width of the machine in m, and
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E - Field efficiency in percent at theoretical field capacity (Ref. Annexure 2)

Annexure 1: Useful Life of Some of the Commonly Used Farm Machinery

SL NaMe oF MACHINE UseruL LiFe
No. - r * ]
Hours Years
() (2) (3) (9
i} Stationary engine 10 000 10
ii} Electric motor 15 000 15
iii) Power tiller 8000 10
iv) Tractor ( wheeled and crawler ) 10 000 10
v} Combine (self-propelled ) 3000 6
vi) Combine { mounted and drawn ) 2 000 7
vii} Seed drill 2 500 10
viii) Beed-cum-fertilizer drill 2 000 3
ix) Planter 2 000 10
x) Plough 3000 10
xi} Disc harrow 3000 10
xii) Cultivator 4 000 10
xiii) Front-mounted dozer attachment for wheeled 3000 10
tractor .
xiv) Towed scraper for wheeled tractor 2 000 10
xv]) Power sprayer (knapsack and tractor 2 000 8
mounted )
» xvi) Seed cleaner 2500 5
xvii) Agricultural trailer 3 600 12
xviil) Power thresher 2 500 8
xix) Centrifugal pump 10 000 10
xx) Power chaff cutter 5000 8
xxi) Rotavator 2 400 8
xxii) Ridger 1500 12
xxiii) Blade terracer 2000 10
xxiv) Puddler 2500 10
xxv) Cane crusher 10000 10

Annexure 2: Typical Ranges of Recommended Speed and Field Efficiencies for various machines

St MacHINE RECOMMENDED RECOMMENDED
No. AvrEnranr SPuEn AvERAcE Firln
OF TRAVEL E¥rreim~cy
M )] 3) #
kmfh percent
i} Plough 45 80
ii) Disc harrow 6 80
iii) Cultivator 6 80
iv) Seed drill 5 70
v) Seed-cum-fertilizer drill 5 70
vi) Planter 5 70
vii) Ridger 45 90
viii) Puddler ‘5 73
ix) Rotavator 25 80
x) Combine ( self-propelled )
— for paddy 2 75
— for wheat 35 75
xi) Combine { mounted’and drawn ) I
— for paddy 2 70
— for wheat 3 70
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9.4 Custom Hiring Centers: Concept and Importance in the Present

India is an agricultural country where almost half of the population depends on farming for their
livelihood. However, farming today faces many challenges — rising costs of inputs, shortage of farm labour,
and climate change effects. To overcome these, farmers need to use modern machines such as tractors,
harvesters, rotavators, and sprayers. But there is one big problem — most Indian farmers are small and marginal
farmers who own less than 2 hectares of land. For them, buying a tractor or harvester is not possible, because
these machines are very costly and need regular maintenance.

To solve this problem, the idea of Custom Hiring Centers (CHCs) has been introduced. These centers
act like service shops where farmers can take machines on rent for a few hours or days, use them in their
fields, and return them after the work is completed. This saves money, reduces dependence on labour, and
increases farm efficiency.

Thus, CHCs play a very important role in the present agricultural scenario, where farming needs to
be modern, cost-effective, and sustainable.

1. Objectives
1. To understand the Core Concept of Custom Hiring Centers (CHCs).

ii. To articulate the relevance of CHS (Custom Hiring Centers) in the current  agricultural landscape.

2. Concept of Custom Hiring Centers

A Custom Hiring Center (CHC) is a facility that provides farm machinery and equipment on a rental
basis to farmers at reasonable charges. Instead of spending lakhs of rupees to buy a tractor, thresher, or
harvester, farmers can

Simply hire it from the center. In simple terms, a CHC is like a machine library or a car rental service,
but specially designed for farmers.

i. Features of CHCs:

* Machines are owned by the CHC and shared among many farmers.

* Farmers pay only for the time they use the machine.

» Maintenance, storage, and repair of machines are handled by the center.

* Trained machine operators are often available for support.

* Centers can be managed by government agencies, cooperatives; farmer groups (FPOs), NGOs, or private
entrepreneurs.

ii. Types of Machines available at CHCs:

- Land preparation machines — Tractors, rotavators, ploughs

- Sowing and planting machines — Seed drill, paddy transplanter
- Irrigation and spraying machines — Power sprayers, pumps

- Harvesting machines — Reapers, combine harvesters

- Post-harvest machines — Threshers, shellers, graders

iii. Why Custom Hiring Centers are important

a. High cost of machinery — Modern machines are very expensive. A tractor may cost 68 lakhs, a
combine harvester ¥20-25 lakhs, and even smaller machines like rotavators cost X1 lakh or more.
Renting makes them affordable.

b. Timely operations — Agriculture is time-sensitive. Delays in sowing or harvesting can reduce yields.
CHCs provide timely access.

C. Reducing cost of cultivation — Renting avoids expenses of ownership, repair, and storage.

d. Improving productivity and yield — Machines like seed drills and power sprayers ensure higher
efficiency and yield.
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e. Support for small and marginal farmers — Nearly 85% of Indian farmers are small and marginal.
CHC:s help bridge the gap.

f.  Solving labour shortage — With rural migration, labour costs are high. CHCs provide alternatives.

g. Promoting modern and sustainable farming — Machines like zero-till drills and laser land levelers
help conserve resources.

Examples from different States

* Madhya Pradesh: Soybean and wheat farmers use CHCs for rotavators, threshers, and seed drills, reducing
costs by 20-25%.

* Karnataka: Under the Farm Mechanization Programme, CHCs benefit sugarcane and paddy farmers.
* Andhra Pradesh: Women’s self-help groups run CHCs, empowering rural women.
* Punjab: Laser land levelers from CHCs save up to 25% irrigation water.

3. Benefits of Custom Hiring Centers (CHCs)

How CHC
Farmer Problem Helps/Solution Example

High machine cost Rent machines at low | A farmer hires a tractor for 2 days instead of
price buying one

Delay in | Timely access to | Paddy transplanted on time, improving yield

sowing/harvesting machines

High labour charges Machines replace labour | Power weeder reduces manual labour

Lack of technical know- | Operator support | CHC provides trained machine driver

how available

Small farm size Shared use of big | Combine harvester used by 10 farmers in a
machines village

1. Overview of estimation procedure for Hiring Charges of Farm Equipment

The determination of hiring charges for farm machinery under Custom Hiring Centres (CHCs) is a
critical component influencing their financial sustainability, affordability for small and marginal farmers and
overall adoption of mechanization. Hiring charges are generally estimated based on a comprehensive
assessment of both fixed and variable costs associated with ownership, operation and maintenance of farm
equipment, along with an appropriate margin to ensure viability of the CHC.

The fixed cost components primarily include depreciation, interest on capital investment, housing
or shelter costs, insurance and taxes. Depreciation is commonly calculated using the straight-line method,
considering the initial purchase price, expected salvage value and economic life of the machinery. Interest on
investment reflects the opportunity cost of capital tied up in machinery, typically calculated at prevailing
bank lending rates. Housing costs account for storage and protection of equipment, while insurance and taxes
are included wherever applicable.

The variable or operating costs constitute fuel or energy consumption, lubricants, repair and
maintenance expenses, and labour costs for operating the machinery. Fuel consumption is estimated based
on standard usage norms per hour or per hectare, multiplied by prevailing fuel prices. Repair and maintenance
costs are generally expressed as a percentage of the initial machinery cost or derived from historical usage
records. Labour costs include operator wages and any additional helpers required during operation.
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Based on these cost components, the cost of operation per unit (hour, hectare, or acre) is estimated
by dividing the total annual cost by the expected annual utilization of the equipment. Annual utilization is a
crucial determinant, as higher usage leads to lower per-unit hiring charges and improved economic efficiency
of CHCs. Utilization levels are often estimated considering cropping intensity, seasonal demand, agro-
climatic conditions, and machinery demand in the service area.

The hiring charge is fixed by adding a reasonable service margin to the cost of operation to cover
management expenses and provide incentives for CHC operators. In many government supported CHCs,
hiring charges are also benchmarked against locally prevailing market rates and periodically revised to
balance affordability for farmers with financial sustainability of the centre.

The estimation of hiring charges follows a cost based and demand responsive approach, ensuring
transparent pricing, equitable access to mechanization and longterm operational viability of Custom Hiring
Centres.

5. Challenges of Custom Hiring Centers
i. Lack of awareness among farmers.

Many farmers, especially in remote villages, are not aware of the availability and benefits of CHCs.
They continue to depend on traditional bullock-driven farming or borrow machines from large farmers at high
rent. Sometimes farmers think that CHCs are only for rich farmers, which is not true. Awareness campaigns,
training programs, and demonstrations are needed to increase adoption.

ii. Seasonal demand creates unavailability.

Farming activities such as ploughing, sowing, and harvesting happen at the same time in a village or
region. For example, during the paddy harvest season, almost every farmer needs a harvester within the same
2-3 weeks. Since CHCs have limited machines, not all farmers can get them on time. This delay reduces
yields and creates dissatisfaction. Proper scheduling and having more machines can solve this issue.

iii. High maintenance costs for CHCs.

Machines like tractors, harvesters, and laser land levelers need regular servicing, spare parts, and
skilled mechanics. Fuel cost is also very high. If the CHC does not maintain machines properly, they may
break down during peak season. Small CHCs often find it difficult to bear these costs unless they get good
income or government subsidy.

iv. Need for trained operators and mechanics.

Even if machines are available, farmers may not know how to operate them properly. For example,
using a laser land leveler requires technical skill. Without proper training, machines can get damaged, or fields
may not be prepared correctly. Skilled operators are also not available in all villages, and training them costs
time and money.

v. Coordination issues when many farmers need machines at once.

When several farmers in the same area demand the same machine at the same time, conflicts may arise. Some
farmers may get preference because of personal connections, while others are left behind. Lack of a proper
booking and scheduling system creates delays and mistrust among farmers.

vi. Financial Sustainability of CHCs

Running a CHC requires an initial investment (buying machines, building storage space) and regular
running costs. If fewer farmers take machines on rent, the CHC may not earn enough money to cover costs.

Sometimes CHCs depend heavily on government subsidy and fail once that support is withdrawn.
Ensuring financial stability is a big challenge.

12 |Page



/ -
o 8 Y/ N
Farm Mechanization WANAGE]

lll

S

vii. Transport and Accessibility Problems

Some villages do not have proper roads, making it difficult to transport large machines like combine
harvesters from the CHC to the farmer’s field. In hilly areas or fragmented landholdings, machines cannot be
used effectively, limiting the usefulness of CHCs.

viii. Lack of Monitoring and Accountability

In some places, CHCs exist on paper but are not active. Machines are not maintained properly or are
used only by a few influential farmers. Without strong monitoring by government agencies or farmer
committees, the real purpose of CHCs is not achieved.

6. Government Support for CHCs

* Government of India supports CHCs under Sub-Mission on Agricultural Mechanization (SMAM).
* Subsidy provided to individuals, cooperatives, FPOs, and panchayats.
* States like Tamil Nadu, Karnataka, and Madhya Pradesh have schemes.
* SHGs and FPOs encouraged to run CHCs for rural benefits.
Conclusion

Custom Hiring Centers are a modern solution for Indian agriculture. They reduce cost, save time, improve
yield, and promote sustainability. With government support and awareness, CHCs can transform small farmer
livelihoods and bring a new green revolution.

ANNEXURE 1: SIMPLE GLOSSARY

* Thresher — Machine to separate grains.

* Rotavator — Soil preparation machine.

* Laser Land Leveler — Levels the field.

¢ Zero-till drill — Sows without ploughing.

* Combine harvester — Harvests and threshes crops.
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Module X: LEVERAGING AGRICULTURAL VALUE CHAINS THROUGH COLLECTIVES
10.1. Role and impact of Farmer Producer Organizations in Empowering Smallholders in India

Smallholder agriculture continues to define India’s agrarian landscape. Nearly 126 million small and
marginal farmers—around 86 per cent of all cultivators—operate on holdings averaging less than one hectare
(Agriculture Census, 2015-16). These farmers, though vital to food security, face structural handicaps:
fragmented holdings, limited access to credit and irrigation, and weak bargaining power in markets. As
globalization and market volatility deepen, smallholders increasingly face exclusion from profitable value
chains.

In response, Farmer Producer Organizations (FPOs) have emerged as a transformative institutional
model. By collectivizing farmers into member-owned business entities, FPOs address structural constraints
and enable small producers to engage competitively in markets. They not only promote collective marketing
and input procurement but also facilitate access to extension services, credit, and modern technology. Thus,
FPOs represent a shift from subsistence to enterprise-oriented agriculture — from isolated producers to
collective entrepreneurs.

i. Concept and Evolution of Producer Organizations

The idea of collective farming is not new to India; traditional cooperatives, self-help groups, and milk
unions have long emphasized solidarity and shared economic goals. Yet, many cooperative structures suffered
from excessive government control, political interference, and limited autonomy. To address these
weaknesses, the Producer Company model was introduced under the Companies Act (Amendment), 2002 —
combining the social character of cooperatives with the efficiency of private enterprises.

A Farmer Producer Organization (FPO) refers to a collective of primary producers who come together
voluntarily to pursue common economic interests. Registered as Farmer Producer Companies (FPCs), these
entities follow democratic governance — “one member, one vote” — while enabling professional
management and profit distribution in proportion to patronage.

The organized push for FPOs began around 2011, led by SFAC and NABARD, and was
institutionalized through the Government of India’s Scheme for Formation and Promotion of 10,000 FPOs
(2020). The scheme emphasized cluster-based business organizations, handholding agencies, and dedicated
financial support for five years. The more recent draft on National Policy on FPOs (2024) expands this vision,
focusing on horizontal integration, federations, value addition, and export linkages — transitioning FPOs from
aggregation entities to entrepreneurial institutions.

ii. Rationale for Farmer Collectivization

Small and marginal farmers in India typically operate with limited resources, fragmented landholdings,
and weak bargaining power. When they act individually, their ability to influence input or output markets is
minimal. Each farmer faces high production costs, limited access to technology, and difficulty in negotiating
fair prices. These challenges make it hard for them to compete or sustain themselves in an increasingly market-
driven agricultural environment.

Collectivization through Farmer Producer Organizations provides a structured way to overcome these
challenges. By organizing themselves into collective enterprises, smallholders can leverage shared resources,
reduce costs, and enhance their influence in the marketplace. The key advantages of collectivization include:

e Economies of scale: Joint purchase of inputs, shared logistics, and collective marketing reduce per-unit
costs and improve profitability.

e Reduced transaction costs: Collective marketing minimizes intermediaries, internalizes transport and
negotiation expenses, and ensures fairer price realization.
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e Improved access to information and networks: Group-based interactions allow farmers to learn from
each other, adopt better production practices, and build linkages with markets, financial institutions, and
extension agencies.

e Social capital formation: Regular interaction among members builds trust, shared identity, and
cooperation—essential for sustaining the organization over time.

Thus, FPOs are not merely economic organizations but instruments of empowerment — platforms for
smallholders to voice their collective interests in a liberalizing agri-market system.

iii. Legal Framework and Institutional Structure

FPOs can be registered under diverse legal forms such as State Cooperative Acts, Mutually Aided
Cooperative Societies (MACS), or more commonly, as Producer Companies under the Companies Act, 2013.
The Producer Company structure offers limited liability, professional governance, and flexibility to engage in
profit-making activities while adhering to cooperative principles.

Typically, an FPO consists of:
¢ A General Body of member-producers.
¢ A Board of Directors elected from among them.
e A Chief Executive Officer (CEO) responsible for day-to-day operations.

The governance of an FPO thrives on accountability, transparency, and inclusion. It also depends on
regular meetings, record-keeping, and compliance with statutory requirements. Institutional maturity is often
linked to leadership quality and the capacity to balance social goals with business orientation.

iv. Current Status of FPOs in India

As of 2025, over 44,000 FPOs are registered in India, according to the Tata-Cornell Institute’s FPO
Dashboard. States such as Maharashtra, Madhya Pradesh, Tamil Nadu, Uttar Pradesh, and Karnataka account
for a majority. However, only about one-third of these are operationally active, and even fewer are financially
sustainable.

While most FPOs engage in primary aggregation and input supply, a growing number are diversifying
into processing, branding, seed production, and e-commerce. Their success varies widely depending on
leadership, market linkages, and the extent of handholding by promoting institutions (Yazhini et al., 2025;
Trivedi et al., 2023). The challenge now is less about formation and more about sustainability and scaling.

v. Role and Benefits of FPOs in Empowering Smallholders
e Economic Empowerment: From Survival to Surplus

Farmer Producer Organizations (FPOs) help small farmers work together to earn more and face fewer
risks. By sharing resources and selling together, they get better prices for both inputs and outputs. Studies
show that FPO members earn 10-25% higher prices through collective marketing (Nirmal et al., 2023). In
Andhra Pradesh’s chilli clusters, FPO members reported 2.1% higher sale prices and 39% higher annual
incomes than non-members, while bulk buying of fertilizers and seeds saved 8-15% in costs. FPOs also
change farmers’ thinking — from being “price-takers” to “price-seekers.” They help farmers plan crops based
on market demand, diversify production, improve quality, and use credit to invest in more profitable activities
such as horticulture or organic farming.

e Social Empowerment and Collective Identity

FPOs strengthen not just income but also social unity and confidence among farmers. They create spaces
for learning, trust, and cooperation through meetings, training, and exposure visits, which improve leadership
and negotiation skills. Women-led FPOs often perform well, focusing on seed production, processing, and
value addition of millets and pulses, which create jobs and improve family nutrition (Biswas et al., 2025).
These organizations help women become leaders and decision-makers in farming. FPOs also make small and
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marginal farmers more visible to markets and government programs. Their democratic and participatory
governance ensures fairness, inclusion, and a sense of belonging — something top-down schemes often fail
to achieve.

e Market Access and Value Chain Integration

For small farmers, reaching profitable markets is a major challenge. FPOs solve this by collecting and
grading produce and selling it in bulk to large buyers such as NDDB, NAFED, and private retailers. They also
connect farmers to value chains by linking with exporters, processors, and agri-tech companies. Many FPOs
now use digital tools, traceability systems, and online platforms like e-NAM to improve transparency and
reach. By cleaning, packaging, and branding their produce, FPOs help members earn more and move from
raw product sales to agribusiness. This shift from producer to entrepreneur marks true value chain integration
(Arahant et al., 2025; Kumari et al., 2021).

e Institutional Strengthening and Governance

The long-term success of FPOs depends on strong leadership and transparent management. Many still
face problems like weak governance, lack of skills, and dependence on promoting agencies, and around two-
thirds have serious management challenges (Yazhini et al., 2025). However, training of CEOs and directors
has made a big difference. FPOs with skilled leaders manage finances better, attract loans faster, and involve
more members. Digital record-keeping, audits, and transparent accounting increase trust among farmers and
investors. Well-managed FPOs also draw partnerships with private companies and NGOs for contract farming,
carbon trading, and input supply, helping them grow into strong rural institutions that can influence
agricultural policy.

¢ Financial Inclusion and Risk Management

FPOs play a key role in helping farmers’ access formal finance and reduce risks. By forming collective
credit groups, they reduce reliance on moneylenders and increase trust with banks. Acting as guarantors, FPOs
make it easier for members to get loans. By linking with schemes such as PMFBY, Agriculture Infrastructure
Fund, and PMFME, they build shared facilities like storage, grading, and cold chains. Group insurance and
collective marketing reduce the effects of bad weather and price fluctuations. Some FPOs now use digital
tools and transaction data for credit scoring, helping farmers’ secure better loan terms and promoting true
financial inclusion in rural areas.

6. Emerging Challenges and Policy Imperatives
Despite visible progress, FPOs face systemic bottlenecks:

Weak managerial capacity and lack of business planning skills.

Limited working capital and inadequate access to institutional credit.

Dependence on promoting institutions, resulting in weak autonomy.

Poor market linkages, especially for perishable or niche commodities.

Fragmented support systems across ministries and financial agencies.

Poor market linkages, especially for perishable and high-value crops, reduce income potential.
Inadequate infrastructure such as storage, grading, and cold chains increases losses.

Weak connections with institutional buyers and digital platforms restrict market access.
Overlapping roles of different ministries and agencies lead to duplication of efforts.

No single national database exists to track FPO performance and impact.

Many programs focus on forming FPOs rather than supporting them after formation.

Low awareness among members about roles, responsibilities, and benefits reduces participation.
Poor governance and non-transparent record-keeping weaken trust among members.

Women and youth are underrepresented in leadership and decision-making roles

Policy initiatives: To overcome these, policy efforts must focus on following policy initiatives:
Strengthen post-formation handholding and provide 3—5 years of business mentoring.

Build managerial, financial, and leadership skills of FPO CEOs and Boards.

Simplify access to credit through risk-sharing, digital credit scoring, and revolving funds.

e o o |
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Encourage partnerships with banks, private firms, and agri-tech companies.

Integrate FPOs into MSP, PDS, e-NAM, and export promotion programs.

Provide grants or incentives for value addition, branding, and packaging.

Develop a unified FPO data platform linking ministries, banks, and states.

Promote federations of FPOs at district or commodity levels for scale and efficiency.

Ensure gender and youth participation in all levels of FPO governance.

Focus on self-sustaining business models instead of long-term dependence on subsidies.
Support good governance practices through training, audits, and digital MIS systems.
Encourage sustainable linkages with markets and financial institutions for long-term growth.

Conclusion

Farmer Producer Organizations represent one of India’s most promising rural development interventions.
They go beyond group farming to institutionalize collective entrepreneurship. By empowering smallholders
economically, socially, and institutionally, FPOs transform rural producers into stakeholders of a more
inclusive agricultural economy.

The next phase must emphasize quality over quantity — strengthening governance, ensuring financial
literacy, and creating viable value chains. If nurtured strategically, FPOs can redefine the trajectory of Indian
agriculture: from fragmentation to federation, from subsistence to sustainability, and from vulnerability to
empowerment.
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10.2. Agricultural Cooperatives: Understanding their Role, Importance, Functioning and Societal
Impact

A cooperative is a group of people who come together to work for a common goal. In a cooperative,
the members own and manage the organisation themselves. They share the benefits and profits based on their
contribution. An agricultural cooperative is formed by farmers who join hands to solve common farming
problems. These problems can be related to buying seeds

and fertilizers, selling crops at fair prices, getting loans, AG RICU LTU RAL

or using modern machinery.

The main idea is “working together for mutual
benefit.” Instead of each farmer working alone and
facing high costs or low prices, they pool their resources
and bargain as a group. This gives them more strength in
the market and better income.

In India, agricultural cooperatives have a long
history. Successful examples like Amul in the dairy
sector and IFFCO in fertilizers show how farmers can
achieve big results through unity. Globally, countries like the United States, Japan, Germany, Switzerland,
South Korea and Kenya also have strong cooperative movements that help rural communities.

Agricultural cooperatives play an important role in rural development, ensuring food security, and
improving farmer incomes. They also reduce the role of middlemen, promote fair trade, and create jobs in
villages. In a time of changing markets and climate challenges, cooperatives provide farmers with a stable and
supportive platform to grow together.

1. What is an Agricultural Cooperative?

An agricultural cooperative is an organisation formed by farmers to meet their common needs in
farming and marketing. Instead of working alone, farmers pool their money, labour, and resources so they can
buy inputs at lower prices, sell their produce at better rates, and access services they could not afford
individually.

Key features:

e Member-owned — The cooperative is owned by the farmers themselves.
e Member-controlled — Decisions are made democratically, usually following the rule of “one
member, one vote.”
¢ Profit-sharing — Any surplus income after expenses is shared among members, based on patronage
Examples:

¢  Amul — Transformed Gujarat’s dairy industry and improved farmers’ incomes.
e IFFCO - Supplies quality fertilizers to millions of farmers.
o KRIBHCO - Focuses on fertilizer production and distribution.

2. Types of Agricultural Cooperatives India:

i.  Primary Agricultural Credit Societies (PACS) — Operate at the village level to provide small loans
and basic financial services to farmers.

ii.  District Cooperative Banks & State Federations — Offer larger-scale financial coordination and
support to PACS and other cooperatives.

iii.  Primary Agricultural Marketing Societies (PAMS) — Function at the grassroots level to help
farmers market their produce collectively, ensure fair prices, and reduce exploitation by
intermediaries.

iv. Marketing Cooperatives — Facilitate collective sale of farm produce at better prices and connect
farmers with wider markets (e.g., NAFED).

v.  Processing Cooperatives — Manage processing units such as sugar mills, dairy plants, and oil mills,
adding value to raw produce (e.g., Maharashtra Sugar Cooperatives).
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vi.  Credit Cooperatives — Provide short- and long-term credit services to members, including
specialized milk and service cooperatives.

vii.  Primary Cooperative Agricultural and Rural Development Banks (PCARDBs) and State
Cooperative Agricultural and Rural Development Banks (SCARDBS) — Offer medium- and long-
term agricultural loans for infrastructure, irrigation, and land development.

viii.  Fertilizer Cooperatives — Supply essential farm inputs such as fertilizers, seeds, and pesticides at
affordable prices (e.g., IFFCO, KRIBHCO).

ix.  Dairy Cooperatives — Collect, process, and market milk and milk products to enhance farmer income
(e.g., Amul).

X.  MACS (Mutually Aided Cooperative Societies) — Autonomous, self-reliant societies governed
democratically by members without direct government interference.

xi.  Fisheries Cooperatives — Organize fishermen for sustainable fishing, provide access to cold storage
and marketing facilities, and ensure fair pricing (e.g., Matsyafed in Kerala, Fishfed in Odisha).

Table: 1: Types of Agricultural Cooperatives in India with Examples

Type Example Key Role
PACS Village-level societies Proylde credit and basic financial
services
Primary Agricultural Marketing Grassroots marketing societies Facilitate local-level sale and
Societies (PAMS) & aggregation of produce
Marketing NAFED Help .sell agricultural produce
collectively
Processing Mabharashtra Sugar Cooperatives | Add value through processing
Fertilizer IFFCO Supply essential  agricultural
mputs
. Enhance farmer income through
Dairy Amul collective marketing
Agricultural & Rural PCARDBs, SCARDBs Provide long-term agricultural
Development Banks and rural finance
Mutually Aided Cooperative Promote autonomous, member-
MACS o . .
Societies (Various States) driven governance
Fisheries Matsyafed (Kerala), Fishfed Support sustainable fishing and
(Odisha) market linkages

In short, agricultural cooperatives give small farmers the strength of working together, ensuring fair
treatment, better income, and reduced dependence on middlemen.

3. Role and Importance of Agricultural Cooperatives

Agricultural cooperatives help farmers in many ways. Their main goal is to improve income and
living standards for members.

i.  Ensuring fair prices and market access: Cooperatives collect members’ produce and sell in bulk.
This gives farmers better prices. For example, NAFED helps farmers sell grains and pulses directly
in the market.

ii.  Supply of inputs: They provide seeds, fertilizers, pesticides, and farm equipment at reasonable
prices. IFFCO is a famous cooperative supplying quality fertilizers across India.

iii. Reducing dependency on moneylenders and middlemen: Cooperatives give short-term credit to
members. This stops farmers from taking high-interest loans from moneylenders. Primary
Agricultural Credit Societies (PACS) in villages give such loans.
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iv.  Promoting collective bargaining: By working together, farmers can negotiate better rates for selling
crops or buying inputs. Amul uses collective strength to get better milk prices for dairy farmers.

v.  Supporting rural livelihoods: They create jobs in processing, storage, transport, and marketing.
Dairy cooperatives employ lakhs of rural youth and women.

vi.  Linkages with government schemes: Cooperatives connect members with schemes like PM-Kisan
(income support), PMFME (food processing support), FPO Scheme (Farmer Producer
Organisations), and e-NAM (online market for crops).

Role and Importance of
Agricultural Cooperatives

Agricultural cooperatives heip farmars in many ways, Thelr min
goal is to improve income and living standards for members

Ensuring fair prices Supply of inputs. Reducing

and market access dependency on
moneylenders and

middiemen

Promoting
collective bargaining

Supporting rural Linkages with
livelihoods government schemes

Cooperatives are a lifeline for small farmers.

They ensure fair trade, reduce exploitation,

and bring government benefits directly to

rural areas.

IFFCO — Empowering Farmers through Fertilizers

The Indian Farmers Fertiliser Cooperative Limited (IFFCO) is one of the world’s largest
cooperative societies, started in 1967 to supply fertilizers to Indian farmers. At that time, farmers
struggled with poor quality inputs and high costs. IFFCO changed this by producing and
distributing reliable fertilizers through a cooperative model. Today, IFFCO serves over 35,000
cooperative societies and reaches more than 5 crore farmers across India. Its success comes
from making quality fertilizers affordable, ensuring timely supply, and promoting balanced use of
nutrients. Beyond fertilizers, IFFCO also runs schools, hospitals, and training centres for rural
communities, improving education and healthcare. By reinvesting profits into farmer welfare,
IFFCO has not only boosted crop yields but also built trust and unity among millions of farmers. It
stands as a shining example of how cooperatives can make farming stronger and rural life better.

4. Management Structure of Agricultural Cooperatives

Agricultural cooperatives are managed in a democratic way, where farmers are both owners and
members. The highest authority is the General Body, which includes all members. They meet at least once a
year to make important decisions, approve budgets, and elect representatives. From among the members, a
Board of Directors is elected. The board guides policies, plans, and overall management of the cooperative.
The Chairperson or President leads the board and represents the cooperative. For day-to-day activities, the
board appoints a manager or CEO, along with staff to handle accounts, marketing, storage, and member
services. Decisions are based on the principle of “one member, one vote”, ensuring equality among all
farmers regardless of their landholding or share size. This structure helps maintain transparency,
accountability, and collective benefit for all members.
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5. How Agricultural Cooperatives Function
Agricultural cooperatives in India work in a simple and democratic way.
i.  Membership: Anyone who is a farmer in the area can join. Joining is voluntary. For example, in
Amul, dairy farmers from villages choose to become members.
ii.  Democratic governance: All members have equal voting rights. This follows the principle of “One
member, one vote.” In IFFCO, small and large farmers have the same voting power.
iii.  Pooling of resources: Members put together money, labour, or produce. For example, in sugar
cooperatives in Maharashtra, farmers supply sugarcane to a common factory.
iv.  Collective marketing: The cooperative sells members’ produce together. This helps get better prices.
v.  Profit distribution: Any extra money made (surplus) is shared among members. In many dairy
cooperatives, payments are based on the quantity and quality of milk supplied.
vi.  Transparency: Accounts are open for all members to see. Decisions are made in meetings.

Functions of

Management Structure of = =
- Agricultural Cooperatives

Agricultural Cooperatives

Provide farm inputs
Seeds, fertilizers, tools
at reasonable prices

General Body

Offer credit, insurance,
training

Helping farmers with

better production

Board of Directors

I

b B ¥ K

Collect and store
produce

Reduce waste and ensure
fair prices

|

Manager or CEO Market produce
S Reach bigger markets,

avoid middlemen

Share profits
Profits shared among

memhber:

6. Latest Developments in Agricultural Cooperatives

Agricultural cooperatives in India are undergoing a major transformation driven by policy reforms
and technological advancements. A landmark step has been the formation of the Union Ministry of
Cooperation in 2021, a dedicated ministry created to strengthen the cooperative movement, streamline
governance, and bring transparency and accountability. The Ministry has introduced model byelaws for

Primary Agricultural Credit Societies (PACS) to become multi-purpose entities, enabling them to
undertake diversified activities such as dairy, fisheries, warehousing, and input distribution.

Another significant initiative is the Computerisation of around 63,000 PACS through a NABARD-
supported national software network, which aims to improve transparency, efficiency, and financial inclusion
at the grassroots. Parallelly, Core Banking Solutions (CBS) have been implemented in District Central
Cooperative Banks (DCCBs) and State Cooperative Banks (SCBs), placing them on par with commercial
banks and enabling services like internet banking and real-time transactions for rural customers.

To complement the cooperative structure, the Government has also promoted the formation of Farmer
Producer Organisations (FPOs) collective institutions of small and marginal farmers who come together to
improve their bargaining power, access inputs and credit at better rates, and market their produce more
effectively. FPOs function as farmer-owned business entities, bridging the gap between cooperatives and
private agribusinesses by combining social objectives with commercial efficiency.

Under this initiative, the Government of India is implementing a Central Sector Scheme to form
10,000 FPOs by 2027-28, with a total budget of 36,865 crore. As of February 2025, equity grants worth
%254.4 crore have been given to 4,761 FPOs, and credit guarantees worth 3453 crore have been issued to
1,900 FPOs. Nearly 30 lakh farmers are members, with about 40% being women. These FPOs help small
farmers sell collectively, buy inputs in bulk, and secure better prices.
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Digital platforms like e-NAM (National Agriculture Market) are also integrating cooperatives and
farmers with nationwide markets as of early 2025, 1,389 mandis are connected, with over 1.77 crore farmers
participating in online trade worth more than X3.19 lakh crore.

Additionally, cooperatives are adopting climate-smart and sustainable agriculture practices, including
water-efficient irrigation, organic farming, and renewable energy-based farm operations. These collective
initiatives reflect a comprehensive effort to modernize India’s cooperative ecosystem combining legal, digital,
financial, and institutional reforms to make agricultural cooperatives more inclusive, transparent, and resilient.

7. Societal Impact of Agricultural Cooperatives

Agricultural cooperatives in India create benefits beyond farming. Their impact is seen in economic,
social, community, and cultural life.
Economic Impact: Cooperatives increase farmer incomes by ensuring better prices and reducing dependence
on middlemen. For example, Amul has transformed the dairy sector, making small farmers owners of a global
brand. Sugar cooperatives in Maharashtra also generate local employment and support rural households. By
working together, farmers reduce risks and improve their livelihoods.
Social Impact: Cooperatives promote equality and inclusion. Women’s dairy cooperatives in Gujarat and
Maharashtra have given rural women confidence, income, and decision-making power. Training programs in
cooperatives also create new leaders from small farming families. This helps build a stronger rural society.
Community Development: Many cooperatives invest in education, health, and sanitation. For example,
IFFCO runs schools, hospitals, and training centres for farmers and their families. Dairy unions in Karnataka
have supported village-level health services. Such activities improve the quality of life in rural areas.
Cultural Impact: Cooperatives help preserve traditional farming practices. In Sikkim, organic farming
cooperatives protect biodiversity and promote eco-friendly farming. Local cooperatives often celebrate
festivals and farming traditions that strengthen rural identity.

8. Role of the Ministry of Cooperation in Strengthening Agricultural Cooperatives

The Ministry of Cooperation plays a central role in strengthening agricultural cooperatives across
India. It has introduced model byelaws to make Primary Agricultural Credit Societies (PACS) multipurpose,
encouraging them to venture into areas like dairy, fisheries, warehousing, and more beyond just credit
services, enhancing their local relevance and economic viability

It is also modernizing cooperatives by linking around 63,000 PACS and LAMPS with NABARD
through a national software network. This computerization improves transparency, service efficiency, and
digital inclusion at the grassroots

Aiming to deepen cooperative access, the Ministry plans to set up 2 lakhs new multipurpose PACS
in uncovered villages over the next five years Complementing this, the world’s largest decentralized grain
storage program in the cooperative sector has been approved to strengthen food security and reduce post-
harvest losses

PACS are also being designated as Common Service Centres (CSCs) to deliver over 300 digital
services through the Digital Seva Portal, making them critical hubs for rural governance and service delivery

Further, the Ministry is promoting the formation of 1,100 additional Farmer Producer Organizations
(FPOs) through PACS, empowering farmers with collective strength, market access, and modern
infrastructure

Through these multifaceted initiatives—spanning legal reform, digital upgrade, infrastructural
expansion, and cooperative empowerment—the Ministry of Cooperation is driving inclusive growth and
resilience in rural India.

9. Role of State Cooperation Ministries in development of Agri-cooperatives in the state

State Cooperation Ministries play a vital role in nurturing and expanding agricultural cooperatives at
the grassroots level in India. These ministries oversee the registration, regulation, and governance of
cooperative societies under state cooperative laws, making them the primary enablers of cooperative activity
in their jurisdictions. They support Primary Agricultural Credit Societies (PACS), district-level Cooperative
Banks, and processing or marketing cooperatives through policies tailored to regional needs. For instance,
Maharashtra aims to set up 7,000 new PACS including multipurpose services like Jan Aushadhi Kendras and
fuel agencies expanding cooperative functions beyond credit alone. Similarly, Uttar Pradesh is renovating
cooperative societies, enhancing warehouses, and providing interest-free working capital of X10 lakh per
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society to improve access to seeds and fertilisers. These state ministries are crucial for implementing
digitization, financial assistance, infrastructure upgrades, and innovative service models that directly benefit
farmers and rural communities.

According to government listings, 19 states and union territories currently maintain dedicated
cooperative department websites, indicating they have separate administrative cooperation setups.

10. Conclusion

Agricultural cooperatives remain one of India’s most potent — but under-realised — instruments for
rural prosperity. Throughout this paper we have seen how cooperatives like Amul and IFFCO turned collective
action into national success; yet the cooperative story is not uniformly triumphant. The sector sits at a
crossroads: it still protects small farmers against market volatility and provides vital services, but without
urgent reforms many cooperatives will struggle to remain relevant in a fast-changing agrifood system.

Several persistent problems weaken the cooperative promise. Governance weaknesses, political
interference, and low managerial capacity undermine transparency and member trust. Many Primary
Agricultural Credit Societies (PACS) and smaller cooperatives suffer from fragile balance sheets, poor record-
keeping, and limited access to formal credit; this financial frailty reduces their ability to invest in
infrastructure, value-addition, and technology. Fragmented state laws and inconsistent regulation create
confusion and block nationwide standardisation. Digital gaps — limited internet, low digital literacy, and
incomplete computerisation at PACS level — prevent cooperatives from leveraging e-markets, modern
banking services, and real-time data. Finally, market linkages and entrepreneurial orientation are often weak:
too many cooperatives remain focused only on traditional roles (credit or raw produce aggregation) rather
than moving into processing, branding or exports where margins are higher.

But these are solvable challenges. A focused reform agenda can revive cooperatives as engines of
rural transformation: (1) strengthen governance through member training, independent audits and
performance-linked incentives for management; (2) scale up PACS computerisation and integrate CBS-
enabled DCCBs/SCBs with digital payment systems to offer real banking services at village level; (3)
harmonise cooperative laws and adopt national model byelaws while preserving necessary state flexibility;
(4) build professional capacity by recruiting qualified managers and offering continuous training; (5) foster
value-addition, market orientation and public—private partnerships that connect cooperatives and FPOs to cold
chains, processing units and retail markets; and (6) prioritise women’s leadership and climate-resilient
practices to make cooperatives inclusive and future-ready.

If policy, finance and technology are aligned with grassroots capacity building, cooperatives can
move beyond being safety nets to becoming competitive business entities that secure farmer incomes, create
rural jobs and strengthen food system resilience. The choice is timely: modernise and adapt, or risk letting a
powerful people-centric model lapse into irrelevance. With clear reforms and committed implementation,
India’s cooperatives can again be the confident, innovative vehicles of rural renewal.
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10.3. Optimizing Agricultural Value Chains - A Comprehensive overview of Agri-Marketing
Strategies

Integrated systems are vital in present time agribusiness. Produce is to be delivered in most efficient
manner to the consumer as per the value perceived by them. Different players involved in delivery of produce
must develop a trust and focus on cooperation and mutual benefits. Players are expected to participate as a
partner and not as an individual business entity operating in uncertain environment. Participation as a partner
will complement the value creation process and provide consistent assured market to different players
including input suppliers (input dealers). This chapter is prepared with an objective to expose the input dealers
to this integrated concept of value chain and how can an input dealer participate in the same as a partner.
Participation as a trusted partner for input dealers become relatively easy and vita as well mainly in an
environment where focus is on aggregation of farmers through farmers’ organisations. This chapter is expected
to help input dealer understand the system and facilitate them graduate from an individual business entity
operating in an uncertain and completive environment to participate as a partner in an integrated value chain
leading to assured demand for inputs by farmers.

1. Introduction

Agriculture is undergoing changes. In such an environment, there is need for integrated system
ensuring efficient delivery of product and services to the consumer. This makes important to understand the
concept of value chain. The terms value chain and supply chain are often inter-changed (Westlake, 2005).
However, the two concepts differ significantly. Supply chain is about flow of commodity from one stakeholder
to another, whereas value chain is an integrated system which relies on trust, relationship and commitment
between the trade partners. Supply chain is about operational efficiency, reduced transaction cost and reliable
delivery, whereas, value chain focuses on maximising value for the customers and have a competitive
advantage. Supply chain is a supplier centric concept whereas value chain is a customer centric concept
defined by the way they perceive value. Value chain facilitate the flow of produce, value and information with
an aim to deliver maximum value to the end user at least possible cost. In supply chains, farmers are having
an attitude to sell what is produced by them. It lacks value proposition as product is not a reflection of the
requirement of customers and therefore, the decision to purchase in supply chain is made on price and not
their preference. In value chain approach, farmers are market oriented and understand value proposition in
terms of demand, specific requirement and their willingness to pay. A major learning for input dealers in the
concept of value chain is to be an integral part of the chain and become a trusted partner for delivery of inputs
and extension services with focus on the wellbeing of all the players mainly the farmers. Input dealers are an
important players in the modern value chain for ensuring not only the regular supply of quality inputs and
delivery of associated information but also to encourage their judicious use. Input dealers need to understand
the requirement of the farmers and deliver the inputs and associated services accordingly. Delivery as per the
requirement of farmers will provide long term access to market by becoming a preferred and trusted supplier.

2. Value Chain — the Concept

A ‘value chain’ describes the full range of activities required to bring a product or service from
conception, through the different phases of production (involving a combination of physical transformation
and the input of various producer services), delivery to final consumers and final disposal after use (Kaplinsky
and Morris 2000). An agriculture value chain can be a vertical linking or a network between various
independent business organisations and can involve processing, packaging, storage, transport and distribution
(Dunn, 2014). A simplified version of a value chain is depicted in the figure.

Seed
Suppliers

Exporters/

Importers Retaiers Consuners

Farmers Traders Processors

Fig. 1: Simplified value chain system
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Efficient linkages between stakeholders ranging from farmers to processors to distributors to retailers
and finally to consumer are essential for improving production and distribution efficiency, optimizing price
realization and improving profitability for different players. Value chain intervention focus on enhancing
business operations at the level of chain as well as on improving their relationships. The success of value
chain will be defined by its ability to ensure smooth flow of inputs, produce, knowledge, information and
innovations.

3. Agricultural value chain

Indian agriculture is dominated by small and marginal farmers (86 percent) facing challenges related
to lack of sufficient surplus, poor risk taking ability, limited access to formal credit and poor quality of
produce. These limitations make it difficult for smallholder-farmers to participate in more profitable value
chains. Limited access to transportation facilities and poor marketing and agribusiness skills further add to
their misery. Often, small producers do not have the bargaining power and therefore, ends up earning less than
their potential. However, in recent years, the agricultural markets have changed significantly because of the
reforms measures introduced by the government encouraging the participation of private players in
agricultural marketing leading to emergence of integrated modern value chains serving both the national and
global markets.

Agriculture value chain means the application of the concept of value chain to any agriculture farm
or agribusiness. It covers the whole range of actions necessary for moving agricultural products from
conception through the intermediate stages of production, delivery to end consumers, and final disposal after
usage. The persons who are involved in this process are known as chain actors. The chain actors who actually
transact a particular product as it moves through the value chain include input suppliers, farmers, traders,
processors, transporters, wholesalers, retailers and final consumers. An overview of the value chain can help
in efficient participation of a players.

4. Value chain map

It is important to have an overall understanding of the system and role that a particular player can
play to complement the system. The concept of value chain map facilitates this process. The value chain map
provides understanding of the structure and dimensions of the complete chain making it easy for development
of effective market strategy. It provides a picture of the entire process covering activities, actors and their
relationships and flow of goods and information at each stage. Value chain mapping is important for
identification of bottlenecks and opportunities available and improve market access of the farmers. There are
various actors with a crucial role to be played by them in the value chain. The performance of value chain
relies heavily on the coordination and cooperation among these actors/ stakeholders. A brief on different actors
and functions performed by them is given below —

Sl Actors Functions
No
Supply inputs like seeds, fertilizers, pesticides, and farm implements. The
. inputs can be supplied by different departments, cooperatives and other
1 Input Suppliers L . o .
farmers organisations, traders and input and agribusiness private
companies and fellow farmers
The farmers responsible for production of agricultural produce and its
2 Producers . -
harvesting and preparing it for market
Different players involving intermediaries facilitating the movement of
3 Collectors commodity by undertaking different activities like buying, assembling,
packing, sorting, transporting and selling
4 Brokers Facilitating transactions by bringing the buyers and sellers together

5. Market Map

Market map is the analysis that illustrate economic relationship and flow of commodity and
information determining the way value is created and distributed at each state of the value chain. It is
comprehensive in its coverage involving farmers/ producers, inputs suppliers, aggregators, processors,
warehousing, wholesalers, transportation and retail. It will also cover government and regulatory bodies,
financial institutes and information and service providers. The market map is depicted in the figure.
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Fig. 2: Market Map
Source: Hellin and Meijer (2006)

There are three important components which constitutes a market map.

i. Value chain actors as defied in the table above

Enabling environment covering infrastructure and policies, institutions and processes that shape the
market environment. Enabling environmental factors, such as agencies and institutions operating at
different levels and, policies, programs and practices that are outside the direct control of economic actors
in the value chain, are important factors and are responsible for influencing the operating conditions for
value chain. In addition to mapping the status quo, this enabling environment aids in analysing the
interests and powers propelling change as well as trends impacting the complete value chain (Hellin and
Meijer, 2006).

The third element of the market map framework
focuses on identifying the services that enhance or
have the potential to enhance the overall efficiency of
the value chain. The service providers including
extension services that support the value chain

operations constitutes an important element. There are V‘; lue Enabling
i ili Chain

many services that have the ability to create value, Envorment
such as — Actors

Inputs (fertilizers, animals, seeds, etc.)

Market data (costs, patterns, purchasers, and

vendors) i

Financial services (insurance, savings, credit, etc.) Serylce

Providers

Transportation services

Monitoring and accreditation of quality assurance;
assistance  with  product development and
diversification

In highly effective value chains, the participants responsible for handling the core transactions, receive

business and extension support from various enterprises and support organizations such as seed suppliers and
intermediaries. There is a continuous need by chain participants to different types of services, both technical
and market-related.
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Value chain extension model

Value chain extension approach is more comprehensive which goes beyond production. It serves as a
common framework for assessing agricultural and agribusiness advancement and focuses on new
technologies, building capacity of farmers and other stakeholders, establishing linkages, promoting
sustainable practise which leads to quality production and enhanced profitability for different value chain
players including farmers. In order to address the issues prevailing at different stages of production and
marketing, the value chain extension models is found to be an effective ways. Training, different players,
linkages between different stages of the chain, adopting technology for bringing in efficiency and ensuring
quality by following an integrated approach and ensuring market access with the help of better market
information are some of the important components of the approach. Another important component is
knowledge management which is vital for any product derived in a knowledge economy in which the value
chain-extension model operates.

The value chain extension model is depicted in the figure given below —

National Agricultural / Extension Policy
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National Agricultural / Extension Policy
Source: Oladele, 2020

Institutional arrangement for effective market linkage

There may be various strategies to link farmers with market covering physical markets, digital
platforms and various other institutions facilitated by reforms in agricultural marketing. The efficient
integration of farmers with market utilising an appropriate models will help producers in securing better prices
for their produce. Some of the leading institutional arrangements available for improve market access are
discussed below —

Contract farming

The contract system of agricultural production and marketing is emerging in a big way with the
corporate sector entering into agribusiness activities. The companies involved in the processing and exports
may face many challenges in terms of access to resources and labour which limit their ability go for large-
scale cultivation. In order to overcome these challenges, these firms resort to ‘contract farming’, wherein they
supply the planting material and provide the required credit and extension support to ensure regular supply of
desired quality. The firm procures the produce at a predetermined price. It is beneficial to farmers as they are
assured of both prices and market. They also get the required inputs and technical knowhow from the firms.
The experiences of Pepsi and Hindustan Lever in Punjab and Gherkin and baby corn production in Karnataka
are a few examples indicating that such model is beneficial to both the contracting parties and the participating
farmers. Input dealers can participate in such models as a partner to ensure regular supply of inputs of desired
quality at reasonable price. The supply of inputs may also be clubbed with extension services mainly by those
having completed a program like DAESI.
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Table 1: Characteristics of contract farming structures

development agencies

Structure Sponsors General Characteristics
model
Directed contract farming. Popular in many
Centralized Private corporate sector State developing countries for high-value crops.

Commitment to provide material and
management inputs to farmers.

Nucleus estate

State development agencies
Private/public plantations Private
corporate sector

Directed contract farming. Recommended
for tree crops, e.g. oil palm, where technical
transfer through demonstration is required.
Popular ~ for  resettlement  schemes.
Commitment to provide material and
management inputs to farmers.

Sponsorship by various
organizations, e.g.

Common joint-venture approach. Unless
excellent coordination between sponsors,

internal management difficulties likely.
Usually, contract commitment to provide

e State development agencies

Multipartite e  State marketing authorities
e Private corporate sector material and management inputs to farmers.
e Landowners
e Farmer cooperatives
Not usually directed farming. Common for
short-term crops; i.e. fresh vegetables to
Entrepreneurs wholesalers or supermarkets. Normally
Informal . L . .
Small companies minimal processing and few inputs to
developer

farmers. Contracts on an informal
registration or verbal basis. Transitory in
nature.

Sponsors are usually from the private sector.
Sponsor control of material and technical
inputs varies widely. At time sponsors are
unaware of the practice when illegally
carried out by large-scale farmers. Can have
negative consequences.

Farmer cooperatives

Intermediary
(tripartite)

Private corporate sector State
development agencies

Source: https://www.fao.org/4/v0937e/v0937e05.htm

Box 1: A case of PepsiCo

PepsiCo’s agricultural operations in India demonstrate an effective contract-
farming supply-chain model. Around 26 percent of its turnover comes from
processed agricultural products such as rice, potatoes, peanuts, and vegetable
pastes (Punjabi, 2015). Partnering with Punjab Agro Industries Corporation and
Punjab Agricultural University, PepsiCo supports farmers through inputs,
technology, and field assistance. This reflects vertical integration (Christopher,
2016) and collaborative supply-chain relationships (Lambert & Cooper, 2000).
Farmers benefit from assured prices, fixed quantities, and reduced risks from pests
and weather, supported by company agents. The model aligns with sustainable,
inclusive supply-chain practices highlighted by Gereffi & Lee (2012).

Public Private Producer Partnership

Public private producer partnership includes farmers as well to achieve mutual benefits. Public
agencies get the benefit of development through efficient utilisation of resources. Private agency gets assured
supply of quality produce or raw material whereas producer get access to technology, resources, training and
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market. A Public Private Producer Partnership (4P) in agriculture is a collaborative approach where the public
sector, private companies and producers (farmers or FPOs) jointly work to improve agricultural production
and value chains. In this model, farmers are equal partners rather than passive beneficiaries. The government
provides infrastructure, extension services and policy support; the private sector supplies technology, inputs,
and market linkages and producers contribute land and labour. This shared approach reduces risks and improve
farmers’ access to better technology, training and assured markets. For example PepsiCo Potato Contract
Farming in Punjab, where the Punjab Agriculture Department partners with PepsiCo and local farmers.
PepsiCo provides quality seeds, technical guidance and a guaranteed buy-back price for potatoes used in chip
production. The government supports training and ensures fair practices. Farmers benefit from improved
yields, reduced market uncertainty and stable income, making this a successful example of 4P in agriculture.

Farmer Producer Organization (FPO)

Farmer Producer Organization (FPO) is an institutional arrangement to facilitate aggregation to
overcome the constraint of diminishing size of landholdings. Formed under the Companies Act (with
amendments in 2002 to incorporate Farmer Producer Companies on the recommendations of Prof Y K Alagh
Committee), FPOs combine the social capital of farmer collectives with the professional management of
corporate entities. Their central purpose is to ensure better incomes for producers by enhancing their
competitiveness and securing their rightful place in the market. FPOs go beyond input distribution and
production support. They are designed to manage the entire agricultural value chain from seed and fertilizer
supply, credit and extension, to post-harvest handling, processing, branding, and market linkages. By
aggregating output, the concept empowers member-farmers to adopt scientific grading, cleaning, and
packaging, thereby reducing distress sales and enhancing their bargaining power. More importantly, chain of
intermediaries get shortened, allowing farmers to retain a larger share of consumer price with consumer getting
quality produce at reasonable prices. Thus, FPOs are not just organizations—they are market enablers, capable
of transforming how farmers engage with buyers, processors, exporters, and digital marketplaces. They
represent a win—win approach, balancing producer welfare and consumer affordability. As India seeks to
strengthen its agricultural exports and build resilient value chains, FPOs stand out as a pivotal mechanism to
achieve better market linkages for millions of smallholders. FPOs can facilitate in unlocking opportunities in
agricultural markets by leveraging aggregation as a tool for improved linkages. Input dealers can have access
to large market by becoming a partner in this institutional arrangement.

Box 2: A case of Sahyadri Farms

Sahyadri Farms is an impressive example of farmers coming together for mutual
benefit under FPO arrangement. Sahyadri Farms, established in 2010 in Nashik,
Maharashtra, is fully integrated farmer-producer company. The company provides
farmers with agronomic support, quality inputs, training, and market access, while
investing in pack-houses, cold storage, processing units and laboratories to ensure
traceability and compliance with global food safety standards. Its farmer-centric
governance approach allows smallholders to be shareholders, ensuring equitable
profit distribution. The company works with approximately 25,000 farmers across
40,000 acres, primarily producing grapes, tomatoes, mangoes, bananas and
sweetcorn. In the fiscal year 2023-24, Sahyadri processed around 3.0 lakh metric
tonnes of produce, achieving a turnover of more than Rs.1500 crore. This case
demonstrates how organized farmer collectives with robust infrastructure can
create sustainable, high-value and globally competitive agricultural supply chains.
Effective functioning of value chain model can be ensured through active
involvement and collaboration of the various stakeholder right from the start of the
process till produce reaches the final customer. Building strong relationships and
effective communication channels can help in addressing challenges and
leveraging opportunities.
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Case of Kissan Agri Mall

Kissan Agri Mall (KAM), founded in 2019, represents a modern, integrated approach to strengthening
fragmented agricultural value chain observed in the country. Addressing challenges such as poor-quality
inputs, limited advisory services and weak market linkages, KAM operates as a one-stop agri-solution,
aligning with the principles of value-chain integration. Its model combines agri-malls operating on concept
like COCO - Company Owned, Company Operated and FOFO - Franchise Owned, Franchise Operated, a
digital marketplace (Kissan E-Mart) and market linkage services (Kissan Varadhi). These components
together ensured seamless flow of inputs, knowledge and output marketing which illustrates end-to-end supply
chain coordination. The inclusion of soil testing, crop nutrition planning and scientific advisory support
through agronomists enhances farmer capability, consistent with the concept of producer upgrading in agri-
food value chains. By reducing dependence on multiple intermediaries and improving information access,
KAM promotes transparency, lowers transaction costs and strengthens trust in rural markets.

Agricultural Value Chains on CISS-F Framework

Technology, institutions and markets work
together to help agricultural value chains become more
competitive, inclusive, sustainable and scalable, as well
as improve access to finance. Technology has been
instrumental in streamlining value chains, increasing
efficiency and allowing farmers to participate. Digital
tools such as mobile apps, GIS mapping, sensors and & ; e N
blockchain technology helping farmers to access timely . usive
information on weather, prices and best agronomic ; e e e AR
practices. Institutions that focused on aggregating
marginal and small farmers, providing them with greater ; INSTITUTIONS
bargaining power, inducing economies of scale and e
establishing market linkages were critical to the
successfully transformation of agricultural value chains.

Aggregating Marginal & Small Farmers

Bargaining power Creating market linkags

Institutions like government agencies, cooperatives, Farmer Producer Organizations and extension services
provide the structural support needed for efficient supply chains. Markets connect agricultural producers to
consumers and industries, determining prices and demand patterns. Efficient markets encourage competition,
reduce middlemen, and promote value addition. Competitiveness focuses on improving productivity, quality,
and cost efficiency so that farmers and agribusinesses can perform better in competitive markets. This is
achieved through improved inputs, better storage, and faster logistics. CISS-F is a conceptual framework that
highlights the key pillars needed to build an efficient and resilient agricultural supply chain (Gulati et. al.,
2022).

Agriculture Value-Chain Finance (AVCF)

Value chain finance refers to the flows of funds to and among the various links within a value chain.
It covers financial services, products and support services flowing to and/or through a value chain to address
the needs and constraints of those involved in that chain. Agri value chain finance is a financial approach and
set of financial instruments that can be applied to agricultural and agribusiness financing. It can facilitate
increased financial access and lower agricultural costs and financing risks. In simple words, agri-value chain
finance is concerned with the flow of funds to and within a value chain to meet the needs of chain actors for
finance, to secure sales, to buy inputs or produce, or to improve efficiency. Examining the potential for value
chain finance involves a holistic approach to analyse the chain, those working in it, and their interlinkages.
These linkages allow financing to flow through the chain. Generally, the bank provides need-based agricultural
loans of varying tenors to all credit-worthy clients engaged in farming of cash crops, horticulture, plantations,
poultry, animal husbandry, dairying, seeds, warehousing, etc. Thereafter, the bank also finances the supplies
of a wide range of agri inputs like seeds, fertilizers, pesticides, micronutrients and micro-irrigation tools.
Further, banks have identified the transportation, storage and processing of food and other agri commodities
as a thrust area and are offering working capital and term loans of varying tenors to eligible processors, based
on not only their financials but also on the strengths of underlying commodities. So, the bank facilitates the
value chain from the “farm gate to the food plate”.
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Optimization of Value chain

Optimization is resource collection and network connection to improve efficiency, profitability and
sustainability by augmenting inputs, production, processing, distribution and marketing facilitated through
technology, collaboration and improved business processes. Implementing farm mechanization, promoting
precision farming, fostering farmer collaboration, integrating agro-processing zones, leveraging data
analytics, and strengthening market linkages to manage uncertainties and ensuring a steady, profitable flow of
agricultural products are some of the key components of optimization strategy.

Legal and Regulatory Compliance in Agricultural Supply Chain

Legal and regulatory compliance plays a crucial role in ensuring efficient, safe and sustainable
operation of agricultural supply chains. Given the complexity of food systems from the point of production to
processing, storage, transportation and retail, each stage is governed by specific laws that aim to protect
farmers, consumers and the environment. At the production level, the provisions of the Insecticides Act, 1968
regulate chemical use in the country to protect human and animal health and compliance of requirements
under the Environment (Protection) Act, 1986 to prevent water from getting polluted. These laws helps to
promote sustainable farming practices and prevent environmental degradation. As farm produce moves into
processing, compliance with the Food Safety and Standards Act (FSSAI), 2006 becomes essential. This
includes obtaining licenses, adhering to hygiene standards, and implementing safe handling practices.
Processing units must also follow labour regulations to ensure fair and safe working conditions. In storage
and warehousing, the Warehousing (Development and Regulation) Act, 2007 mandates accreditation of
warehouses to issue negotiable warehouse receipts, encouraging transparency and quality maintenance. The
Essential Commodities Act, 1955 may impose stock limits during shortages. During packaging and
distribution, the Legal Metrology Act, 2009 regulates weights, measures, and labelling requirements, while
FSSAI rules ensure accurate ingredient information, shelf-life declaration, and traceability. Transporters must
also comply with safety standards under the Carriage by Road Act, 2007. Overall, there is a legal environment
created to ensure food safety, environmental protection, fair trade practices and maintain consumer confidence
leading to a more resilient and sustainable food system.

Summary

The agricultural value chain is a pivotal framework for enhancing the efficiency, profitability and
sustainability of agriculture sector in India. By linking farmers, input suppliers, processors, distributors and
retailers, value chains facilitate the smooth flow of goods, information and financial resources to ensure that
the benefits of agricultural production reach all stakeholders, particularly small and marginal farmers. The
challenges faced by Indian agriculture like fragmented landholding, few markets, poor infrastructure, limited
access to finance and lack of market intelligence underscore the importance of organized and inclusive value
chain approaches. Institutional arrangements such as contract farming, Farmer Producer Organizations (FPOs)
and Public-Private-Producer Partnerships (4P) have proven effective in bridging market gaps, providing
technical and financial support, and improving farmers’ bargaining power. Technology-driven platforms,
digital marketplaces and innovations in logistics and cold chains further enhance market linkages, reduce
inefficiencies and minimize post-harvest losses. Moreover, value chain finance mechanisms enable
stakeholders to access timely credit and invest in production, processing and marketing, thereby strengthening
the overall chain. The adoption of frameworks like CISS-F (Competitiveness, Inclusiveness, Sustainability,
Scalability, and Finance) highlights the multi-dimensional approach required for modern value chains. By
integrating technology, institutions, markets and supportive policies, Indian agriculture can achieve greater
competitiveness and resilience, while ensuring that smallholders are not left behind.
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Module XI: LATEST TECHNOLOGIES IN AGRICULTURE

11.1. A. Precision Agriculture: Concepts and Techniques; their Issues and Concerns for Indian
Agriculture

Precision Agriculture is a modern farming approach that aims to optimize the use of inputs like seeds,
fertilizers, pesticides, and water by applying them at the right place and right time. Unlike traditional farming,
which treats an entire field uniformly, precision agriculture acknowledges that different areas within a field
have varying needs. It is akin to providing tailored medicine to a patient based on their specific health
condition.

The core idea of precision agriculture is "doing the right thing, in the right way, at the right time, and
in the right place.It focuses on optimizing inputs (like seeds, water, fertilizers, pesticides) to increase
productivity, sustainability, and profitability.

1. Key Principles
Right Input

Choosing the most suitable resource (e.g., correct seed variety, proper fertilizer type, efficient
irrigation method).

Right Time
Applying the input when the crop actually needs it (e.g., fertilizer during the critical growth stage).
Right Amount

Using only the required quantity—avoiding under- or over-application (e.g., precise dosing of
pesticides to minimize resistance and cost).

Right Place

Delivering the input exactly where it is needed (e.g., localized irrigation in root zones instead of
flooding the entire field).

Right Manner

Using the correct technique or technology (e.g., drip irrigation instead of flood irrigation, drone
spraying instead of manual broadcasting).

Precision agriculture uses high-tech tools like GPS, drones, and sensors to give small sections of a
field—or even individual plants—the exact care they need. It’s a data-driven approach that leads to smarter
decisions, bigger harvests, and more sustainable farming. The integration of advanced technologies—
including the Internet of Things (IoT), sensors, image processing and artificial intelligence (Al)—has
substantially enhanced the capabilities of precision agriculture.

The Internet of Things (IoT) facilitates the interconnection of diverse sensors and devices, enabling
real-time data acquisition and communication (Tamrakar et al., 2022). In agricultural applications, IoT
systems are deployed to monitor critical parameters such as soil fertility, meteorological conditions, and crop
development (Sreekantha et al., 2017). This continuous stream of real-time data empowers producers to
engage in informed, data-driven decision-making, thereby optimizing resource management and operational
efficiency.

2. Basic Concepts of Precision Agriculture

The basic concepts of Precision Agriculture involves measuring differences within a field, such as
variations in soil type, nutrient levels, moisture content, or pest problems.

* Understanding the specific requirements of each particular part of the field
* Applying inputs only where needed and in precise amounts
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*Monitoring the results of these applications to inform and improve future decisions

Table 1: Different versions of a timeline outlining the key technological advancements in precision

agriculture
Year/Period Innovation/Development Technology Im[.)act on References
Involved Agriculture
1990s GPS enabled tractors Precision Improved field | (Srivastav et
mechanization navigation al., 2025)
Early 2000s | Satellites employed remote | Remote Sensing, | Area-level crop | (Ursu et al.,
sensing GIS monitoring 2025)
20122014 | Aerial imaging by drones UAVs, Image | Real-time crop | (Borah et
processing health mapping al.,2025)
2015 IoT-enabled soil moisture | IoT Site-specific (Merig et
Sensors irrigation al.,2025)
2016 Al-powered pest detection | Al, Image | Proactive crop | (Bhuyan et
algorithms processing protection al.,2025)
2021 Blockchain in agri-supply | [oT + | Secure and traceable | (Zhang et
chain Blockchain food supply al.,2025)
2023— Integrated Al-IoT-3D Printing | AI + IoT + 3D | Full automation in | (Pavithra et
Present smart systems printing nutrient, irrigation, | al.,2025)
and pest

3. Why Precision Agriculture Matters

Precision agriculture is crucial because no field is truly uniform; areas can differ significantly in soil
fertility, pest presence, or water requirements. By adopting this approach, farmers can achieve several benefits:

» Save money by reducing the wasteful overuse of inputs.

* Increase crop yield by ensuring each part of the field receives exactly what it needs.
* Protect the environment by preventing the excessive use of chemicals.

* Improve crop quality through optimized growing conditions
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4. Key Techniques in Precision Agriculture
Here are the main techniques used in precision agriculture:

i. Soil Testing and Mapping: This involves taking soil samples from different small sections of a field, like
a grid. These samples are then tested for important things like nutrients (NPK), pH, and organic matter. Based
on the results, computer maps are made to show which areas of the field need more or less of specific nutrients.
Input dealers can help farmers understand these reports and suggest the correct fertilizers for different areas.
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ii. Global Positioning System (GPS): This is a satellite system that helps farmers know their exact location
in the field. GPS receivers on tractors or hand-held devices show precise positions, allowing farmers to mark
problem spots, record how much crop they harvested, or apply inputs very accurately at specific locations.
For example, a farmer can use GPS to return to the exact spot where a specific disease was found last season.

iii. Remote Sensing: This means gathering information about crops without physically touching them, using
tools like special cameras, drones, or satellites. These tools take pictures that can show how healthy the crops
are, as healthy plants reflect light differently. Drones can fly over fields for detailed pictures, and satellite
images can show large areas. This helps farmers find problems early, even before they are visible to the naked
eye, showing which parts of the field are stressed.

iv. Variable Rate Technology (VRT): This refers to smart farm equipment that can automatically change the
amount of inputs it applies as it moves across the field. For example, fertilizer spreaders or seeders connected
to GPS and field maps can apply more fertilizer where the soil is poor and less where it's rich. This reduces
input costs by 15-30% while maintaining or increasing crop yields.

v. Yield Monitoring: This technique measures how much crop is being harvested in real-time. Sensors on
harvesters measure the yield, and GPS records the location, creating maps that show areas of high and low
yield. This helps farmers understand which parts of their fields are most productive and why.

5. Benefits of Precision Agriculture

In the larger context of Indian agriculture, precision agriculture, especially with the integration of
Artificial Intelligence (Al), offers significant benefits for both farmers and agri-input dealers.

Precision agriculture provides several key advantages for farmers in India:

i. Cost Savings: Farmers can reduce input costs by 10-30% by applying inputs like seeds, fertilizers,
pesticides, and water only where and when they are needed, rather than uniformly across the entire field,
which minimizes waste.

ii. Higher Yields: By giving each part of the field exactly what it needs, precision agriculture can increase
crop production by 5-15%. This optimization ensures that resources are allocated efficiently to maximize
productivity.

iii. Better Crop Quality: Optimizing growing conditions for different parts of the field leads to more uniform
and improved crop quality.

iv. Environmental Protection: Precision farming helps protect the environment by preventing the overuse of
chemicals, which can otherwise lead to pollution. It promotes sustainable resource conservation by saving
water, fuel, and chemicals.

v. Enhanced Decision-Making: The use of digital records helps farmers in making more informed decisions
for their fields.

Al further enhances these benefits for farmers by providing smart solutions like automated irrigation
management, which saves water and electricity, and smart fertilizer and pesticide recommendations, ensuring
exact quantities and timing of applications. Al can also predict yields with high accuracy (85-95%), helping
farmers plan storage, marketing, and finances better.

6. The Role of Artificial Intelligence (AI) in Precision Agriculture

Artificial Intelligence (Al) is like giving a computer the ability to think and learn from data, similar
to how humans learn from experience. In farming, Al can analyze huge amounts of information about weather,
soil, crops, and pests to make smart decisions. Al makes precision agriculture even smarter:

i. Smart Disease and Pest Detection: Farmers can take photos of their crops with smartphones, and Al apps
can analyze these photos to identify diseases or pests and recommend exact treatments and products. For
instance, an Al app could identify nitrogen deficiency from a photo of yellowing leaves and suggest the right
fertilizer. This helps dealers recommend the precise products needed.
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ii. Weather Prediction and Advisory: Al analyzes weather data to provide accurate forecasts for rainfall,
temperature, and humidity, even predicting extreme weather. It can advise farmers on when to plant, irrigate,
spray, or harvest. For example, Al might tell a farmer not to spray pesticides if rain is expected soon.

iii. Automated Irrigation Management: Al systems receive data from soil moisture sensors and combine it
with weather forecasts and crop needs to automatically control irrigation systems, saving water and electricity.

iv. Yield Prediction: Al can analyze satellite images, weather data, soil conditions, and crop growth to
estimate the final yield with high accuracy (85-95%) before harvest. This helps farmers plan storage,
marketing, and finances.

v. Smart Fertilizer and Pesticide Recommendations: By analyzing field details, soil test results, and crop
information, Al can provide precise recommendations for the type, quantity, timing, and application method
of inputs. For example, Al might recommend applying a specific amount of fertilizer to a particular area on a
specific day when soil moisture is ideal.

7. Issues and Concern for Precision Agriculture

Precision agriculture, while holding significant promise for Indian farming, faces several issues and
concerns that hinder its widespread adoption:

i. Small Land Holdings: A primary challenge in India is the prevalence of small land holdings, with most
Indian farmers having fields averaging less than 2 hectares. This is problematic because traditional precision
agriculture equipment is typically designed for larger farms, making the cost per acre for such technology
prohibitively high for small farmers

ii. High Initial Investment: The equipment necessary for precision agriculture, such as GPS systems, drones,
sensors, and Variable Rate Technology (VRT) machinery, is expensive. For instance, a basic GPS system can
cost ¥50,000-%1, 00,000, and drones range from 2-5 lakhs. This high upfront cost creates significant
challenges for small farmers, who often cannot afford this investment, face difficulty in securing loans for
new technologies, and are uncertain about the return on investment

iii. Technical Knowledge and Skills: Implementing precision agriculture and Al demands technical skills
that many Indian farmers currently lack. Specific issues include difficulties in understanding computer-
generated maps and reports, operating complex equipment, interpreting Al recommendations, and possessing
basic smartphone and computer literacy

iv. Infrastructure Limitations: The effectiveness of precision agriculture and Al heavily relies on robust
infrastructure, which is often inadequate in rural India. Key issues include unreliable electricity, poor internet
connectivity for data transfer, a lack of technical support services, and difficulty in getting equipment repaired.

v. Data Management Challenges: Precision agriculture and Al generate vast amounts of data, which can be
overwhelming for farmers. Concerns include farmers not knowing how to effectively use the data, issues with
data storage and backup, privacy concerns about farm data, and difficulties in connecting different data sources

vi. Customization for Local Conditions: A significant concern is that many precision agriculture
technologies and Al systems are developed in Western countries and may not be entirely suitable for the
diverse Indian conditions. This includes software that may not account for local crop varieties,
recommendations that don't consider specific local weather patterns, or equipment that isn't designed for small,
irregularly shaped fields

Conclusion

Precision agriculture, especially with the integration of Al, offers tremendous potential for Indian
farming, enabling farmers to save money, increase yields, and farm more sustainably. While challenges exist,
particularly for small farmers, the growing availability of low-cost Al solutions makes precision agriculture
increasingly accessible. Agri-input dealers are in a unique position to lead this transformation by
understanding and promoting these technologies, thereby adding value to their customers, boosting sales, and
strengthening relationships. The recommendation is to start small with simple Al apps and basic services,
gradually expanding as comfort with the technology grows. The future of Indian agriculture hinges on
combining traditional farming wisdom with modern technology in practical and affordable ways, with agri-
input dealers at the forefront of this evolution.
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11.1. B. Use of Nanotechnology in Agriculture

Agriculture remains one of the most critical sectors globally, serving as the foundation for food
production and raw material supply. However, increasing population growth, limited natural resources,
climate change, and persistent rural poverty have intensified the pressure to enhance agricultural productivity
in a sustainable manner (Johnston & Mellor, 1961; Yunlong & Smit, 1994). Traditional agricultural practices
alone may not suffice to meet these demands. This has led to the exploration of advanced technologies, among
which nanotechnology stands out as a transformative force (Mukhopadhyay, 2014).

Nanotechnology, with its capacity to manipulate matter at the atomic and molecular scale, offers
unique opportunities for improving agricultural systems. Applications range from precision delivery of
fertilizers and pesticides to biosensors for soil and crop health monitoring (Prasad, Bhattacharyya, & Nguyen,
2017). The roots of nanotechnology trace back to Richard Feynman’s 1959 lecture “There’s Plenty of Room
at the Bottom”, where he envisioned the manipulation of matter at the nanoscale (Feynman, 1996). The term
“nanotechnology” was later coined by Norio Taniguchi in 1974 (Bulovi¢ et al., 2004). With the advent of
advanced microscopy and material characterization tools in the late 20th century, nanotechnology rapidly
evolved across disciplines, including agriculture (Bonnell & Huey, 2001; Gibney, 2015).

Nanotechnology involves materials and structures typically ranging from 1 to 100 nanometers (nm).
The unique properties of nanoparticles, such as their small size and large surface area, enable them to address
challenges that traditional methods cannot. When atoms are altered at the nanoscale, they can develop
magnetic power and become more reactive, which is beneficial in many sectors, including biological processes
(Pokropivny et al., 2007; Prasad, 2014).

1. Applications of Nanotechnology in Agriculture
Here are the specific applications of nanotechnology in agriculture:
i. Pest and Disease Control

Nanomaterials are being developed as promising agents to control plant pests, including insects,
fungi, and weeds. Nanoencapsulation of pesticides protects active ingredients from degradation, allows for
controlled release, and increases persistence and effectiveness (Nuruzzaman, Rahman, Liu, & Naidu, 2016).
This can reduce pesticide use by 10—15 times compared to classical formulations, minimizing environmental
hazards. For instance, clay nanotubes (halloysite) have been shown to cut pesticide use by 70-80% (Khota,
Sankarana, Majaa, Ehsania, & Schuster, 2012). Metal oxide nanoparticles (e.g., MgO, CuO, ZnO) have also
demonstrated insecticidal activity and improved plant growth when applied as foliar sprays (Raliya et al.,
2013).

i. Nutrient Management and Fertilizers

These are designed to enhance crop productivity, minimize nutrient losses, and increase yields. They
aim to overcome issues like low fertilizer use efficiency (e.g., 50-70% nitrogen loss) and reduce the negative
impact of conventional fertilizers on groundwater and aquatic ecosystems. Nanofertilizers can provide slow
and steady release of nutrients throughout crop growth, allowing plants to absorb most of them without waste
(Liu & Lal, 2015). Examples include nano zinc, silica, iron, and titanium dioxide (Sadeghzadeh, 2013). Zinc
nanoparticles have been recognized for their role in plant metabolism, protection against oxidative stress, and
addressing zinc deficiency in alkaline soils. Commercial nanofertilizers are available, such as Nano-GroTM,
Nano Green, Biozar Nano-Fertilizer, and TAG NANO, which contain various micronutrients, organic
materials, and plant growth regulators (Prasad et al., 2017).

ii.  Soil Management and Tillage

Nanomaterials can improve soil structure and porosity, leading to better distribution of soil aggregates
(Ion, Ton, & Culetu, 2010). They can increase soil pH, reduce the mobility, availability, and toxicity of heavy
metals, and decrease soil erosion. The use of nanoparticles in soil can reduce cohesion and internal friction,
making tillage practices more efficient with less energy required for crushing soil lumps
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ili.  Water Management

Nanotechnology is employed for water purification using nanoscopic materials such as carbon
nanotubes and alumina filters for nanofiltration. These materials can remove a wide range of contaminants
including turbidity, oil, bacteria, viruses, and organic pollutants (Camilli et al., 2014).

iv. Seed Science and Plant Breeding

Harnessing Seed Potential: Nanotechnology can be used to improve seed production and ensure genetic
purity through nano biosensors that detect contaminating pollen (Rai, Acharya, & Dey, 2012).

Seed Tracking and Protection: Nano barcodes can track sold seeds, ensuring genetic purity. Nano-coating
of seeds with elemental forms of Zn, Mn, Pa, Pt, Au, and Ag can protect seeds with significantly fewer
quantities than traditional methods.

Smart Seeds: Seeds can be imbued with nano encapsulations containing specific bacterial strains, or coated
with a nanomembrane that senses moisture availability to control germination. This can reduce seed rates and
improve crop performance, particularly in rainfed agricultural systems (Nima et al., 2014).

Carbon Nanotubes (CNTs): Carbon Nanotubes can act as new pores for water permeation, facilitating
germination by channeling water into seeds.

Genetic Engineering: Nanodevices are explored for genetic engineering of plants and advancements in plant
breeding

V. Crop Monitoring and Diagnostics

Nanosensors: These are crucial for smart monitoring in agriculture, used for crop protection, identification of
diseases, and detection of agrochemical residues (Sagadevan & Periasamy, 2014). They can also monitor soil
quality of agricultural fields, maintaining plant health, and detecting heavy metals.

Rapid Disease Diagnostics: Nanotechnology provides novel nanotools for rapid disease diagnosis in plants
(Viswanathan & Radecki, 2008).

Bioanalytical Nanosensors: Used to determine the aging of seeds
vi.  Animal Health and Poultry Production

Nanotechnology is increasingly applied in veterinary medicine and poultry production, such as for
targeted drug delivery (Fraceto et al., 2016).

vii.  Food Processing, Packaging, and Safety

Food Quality and Nutritive Value: Nanoparticles contribute to forming high-quality, nutritious food
(Martirosyan & Schneider, 2014). This includes nanocarrier systems for delivering nutrients and supplements
(e.g., encapsulated vitamins, Omega-3 fatty acids) and organic nano-sized additives (Berekaa, 2015).

Texture and Uniformity: Nanoemulsions can improve the texture and uniformity of food products like ice
cream and spreads.

Smart Packaging: High impermeable packaging nanomaterials protect food from UV radiation, provide
strength, and increase shelf life. Nanosensors integrated into packaging can detect oxidation, chemicals, gases,
and pathogens, providing information on temperature, time, freshness, and humidity (known as "smart
packaging") (Bumbudsanpharoke & Ko, 2015).

Bioremediation and Waste Management

Nanomaterials can directly catalyze the degradation of waste and toxic materials and improve the
efficiency of microorganisms in bioremediation processes (Dixit et al., 2015). This helps remove heavy metals
from soil and water, contributing to environmental sustainability. Nanotechnology is also being evaluated for
the utilization of biomass and agricultural waste.

Environmental and Health Implications
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Despite its benefits, the widespread use of nanomaterials raises concerns about toxicity and ecological
risks. Metal-based nanoparticles such as TiO2, ZnO, and silver can generate reactive oxygen species, leading
to oxidative stress in plants and microorganisms (Yang & Watts, 2005; Tripathi et al., 2016). The
bioaccumulation of nanoparticles across trophic levels further complicates their ecological safety (Rana &
Kalaichelvan, 2013).

Green nanotechnology, which utilizes plant-based synthesis methods, offers a safer and more
sustainable alternative. This approach reduces energy consumption, greenhouse gas emissions, and chemical
toxicity, aligning with the goals of environmentally responsible agriculture (Prasad, 2014; Kandasamy &
Prema, 2015).

2. Future Prospects

The future of nanotechnology in agriculture lies in integrating nanoscale innovations into climate-
smart and precision farming systems. Key areas for future research include:

e Development of eco-friendly nanomaterials that minimize risks to human and environmental health
(Prasad, Pandey, & Barman, 2016).

o Integration of nanobiosensors with digital agriculture platforms for real-time decision support
(Sagadevan & Periasamy, 2014).

o Life-cycle assessment and regulation to ensure safe deployment of nanotechnologies (Kah, 2015).

o Expansion of green nanotechnology for sustainable input production.
These advancements, coupled with international regulatory frameworks, will be crucial for ensuring
that nanotechnology contributes positively to global food security (Prasad et al., 2014).

Conclusion

Nanotechnology holds remarkable potential to transform agriculture by improving resource
efficiency, enhancing yields, and ensuring food security. From nanofertilizers and nanopesticides to biosensors
and smart packaging, its applications span the entire food chain. However, the long-term safety and ecological
impact of nanomaterials remain critical concerns that require continuous research and regulatory oversight.
Embracing sustainable, green nanotechnology will be essential to balance innovation with environmental
stewardship, thereby enabling agriculture to meet the demands of a growing global population.
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11.2. Drone-Based Solutions for Agriculture: Applications in Monitoring, Spraying, and Analysis,
SOPs for Use of Drones

Agriculture has been the backbone of the Indian economy for centuries. More than 45% of India’s
population depends on farming for their livelihood, and the sector contributes nearly 20% to the national GDP.
However, farming today faces severe challenges:

e Labour shortages due to migration to cities.

e Rising costs of fertilizers, pesticides, and other inputs.

e Pest and disease outbreaks causing yield losses.

e Climate change creating unpredictable rainfall and droughts.

e The need to produce 60-70% more food by 2050 to feed a global population of nearly 10
billion people.

Traditional methods of farming, though time-tested, are no longer sufficient to address these
challenges. There is a pressing need for technologies that make farming precise, smart, and sustainable. One
such technology is the Unmanned Aerial Vehicle (UAV), commonly known as a DRONE (Dynamic Remotely
Operated Navigation Equipment), have transformed agricultural practices by enabling rapid, precise, and
uniform application of agrochemicals, fertilizers, and other inputs. Once developed mainly for defense and
surveillance, drones are now revolutionizing agriculture. They are being widely used to monitor crop health,
spray pesticides and fertilizers, manage weeds and pests, dispense seeds, and even assess crop losses for
insurance.

According to global market intelligence and advisory firm BIS Research, the global drone market,
which is currently dominated by US, China and Israel, will touch $28.47 billion [Rs 209,692 crore] this year,
out of which India will contribute about 4.25 per cent. The drone market in India is expected to reach $1.81
billion (Rs 13,330 crore) by FY, 2026 growing at a compound annual growth rate (CAGR) of 14.61 percent.
Drone usage in Indian agriculture will grow at 38.5% CAGR and reach $121.43 million by 2030 with 2%
adoption rate over the total agriculture machinery spending.

For input dealers, drones bring an exciting opportunity to:
e Selling drone-based spraying and monitoring services.
e Advising farmers with SOP-based recommendations.
e Partnering in custom hiring centers.

e Promoting multi-utility drones for year-round usage

Thus, drones are not just machines — they are a gateway to modernizing agriculture. Remote-
controlled UAVS (drones) have gained popularity as a new platform to monitor and manage crops.

1. Role of Drones in Modern Agriculture

i. Scope of drones in Agriculture:
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ii. Why Farmers Need Drones in the context of Agri-Spraying
Manual and tractor-based spraying methods have limitations:

Wastage of chemicals: Up to 70-80% of pesticides are wasted due to drift and uneven application.
Labour shortage: Fewer workers are available for farm operations.

Health hazards: Farmers are directly exposed to chemicals, causing long-term health problems.

Low efficiency: Ground-based spraying is time-consuming and covers less area per day and
efficiency varies with the skill of the operator.

iii. Key Advantages

Cost-effective: 2.5 times more cost-efficient than manual spraying.

Time-saving: 8 times faster than manual methods.

Labour-efficient: 16 times more efficient in terms of manpower saved.

Water-saving: 12.5 times less water needed for spraying.

Avoid wastage of inputs.

During pest outbreaks, larger areas can be covered in shorter period. Further inaccessible areas can
covered using UAVs.

Yield improvement: 10—-15% increase in crop yields.

e Farmer safety: No direct exposure to chemicals. According to WHO, about 10, 00,000 humans are
affected by acute poisoning by contact with pesticide. Each year a death rate between 0.4 to 1.9 per
cent is recorded.
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In this background, Ministry of Agriculture & Farmers Welfare, Government of India released
Standard Operating Protocols on use of drones for spraying of pesticides to accelerate mechanization in crop
protection, which in turn would increase efficiency and efficacy of applied agrochemicals for pest control by
reducing time, volume of water and quantity of chemical and manpower required for spraying, and minimizing
drift to non-targeted areas to protect environment along with human exposure to hazardous chemicals (GOI,
2021).In addition, the Ministry of Civil Aviation notified the updated Drone Rules 2021, replacing the highly
critiques UAS Rules released in March 2021. The liberalized Drone Rules 2021are more permissive and are
expected to remove all unnecessary operational and entry barriers and create a strong drone ecosystem in the
country to make India a global hub for drones by 2030.

Table 2: Aerial spraying parameters for traditional spraying equipment versus drones

Type Spray | Nozzl | No. of | Tank Flight | Fligh | Spra | Field Suitability
Volum | e type | Nozzle | capacit | height | t y capacity
e s y (L) (m) spee | widt | (ha/hour
(L/ha) above | d h(m) |)
crop (m/s)
canop
y
Drone 15-40 | Flat 4 5-20 15— | 3-5|3t5 2.0 Small & large
pan 3.0 fields, field
crops, fruit
orchards,
vegetables,
flowers,
plantation
crops, specialty
crops like tea
and coffee
raised on
undulated and
steep slopes
Knapsac | 300-— Flat 1 10-16 | 0.6— | 0.5- | <0.5 0.12 Small field
k sprayer | 500 pan/ 1.0 1.5 plots, field
Hollo crops and
w vegetables
cone
Taiwan 300— Solid 1 20 06— | 0.5- | <05 0.19 Small field
sprayer 500 cone / 1.0 1.5 plots, field
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cone
Tractor 300- Flat 24 400 0.45— | 0.83 12 2.08 Row field
mounted 500 pan/ 0.75 crops like
boom Hollo cotton, maize,
sprayer W soybean,oilsee
cone ds etc
Tractor 1000 Flat 10 1000 1.0- 1.2 10 1.38 Fruit Orchards
mounted pan / 6.0
orchard Hollo
sprayer w
cone

Source: Compiled from different sources (FICCI, 2020; Wang et al., 2018; Technical specifications of
different sprayers etc.)

2. Standard Operating Protocols for drone based pesticide spraying in major field crops:

The lack of crop specific standard operating protocols (SOP’s) and ULV formulations for drone
spraying has been the major stumbling block in placing this technology on the right footing. Of late, few drone
operators are spraying plant protection chemicals in farmer’s fields without properly understanding the
intricacies involved in the use of pesticides. Further, lack of awareness among farmers on drone usage and
operation and supporting data on expansion of label claims of existing pesticides formulations using drones
is unavailable. PJTAU has taken a lead to demystify this technology by developing evidence based SOPs to
deploy drones for pesticide spraying in several crops like rice, cotton, redgram, groundnut, soybean, sesame
and safflower which occupy more than 95% of cropped area in Telangana state (Varma et al., 2022). The
outcomes of the innovative project were included in crop specific SOPs for pesticide spraying using drone
released by Ministry of Agriculture and Farmers Welfare, Govt. of India, New Delhi during April, 2023. The
summary of crop specific SOPs were summarised in Table 1.

Standard Operating Procedures (SOPs) are essential to ensure safe, consistent, and efficient drone
spraying operations. They define critical operational parameters such as flight altitude, forward speed, swath
overlap, nozzle configuration, and droplet size. Adherence to SOPs ensures uniform spray distribution,
minimizes risks of under- or over-application, and enhances pest and disease control effectiveness.

Table 3: Crop Wise Standard Operating Protocols (SOP’s) for drone based pesticide application in
major of Field Crops

S. No. Crop Spraying Water Volume | Drone  Speed | Nozzle Type
Height (m) (I/acre) (m/s)
1 Rice 2.0-3.0 10-16 3.6-5.0 XR 11002VvP
2 Wheat 3.0-4.0 8-10 45-5.0 Flat fan
3 Maize 1.5-25 8-10 4.5-5.0 Flat fan
4 Cotton 15-25 16 4.5-5.0 XR 11002VP
5 Redgram 1.5-2.5 16 3.5-5.0 XR 11002VP
6 Groundnut 1.5-2.0 16 45-5.0 XR 11002VP
7 Soybean 1.5-2.5 16 3.5-45 XR 11002VP
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8 Sesamum 1.5-25 16 45—5.0 XR 11002VvP
9 Safflower 1.5-25 16 3.5-5.0 XR 11002VvP
10 Sugarcane 3.0-4.0 8-10 2.0-3.0 Flat fan

Source: SOPs were compiled from publications from PJTAU, Rajendranagar, Hyderabad and Ministry of
Agriculture and Farmers Welfare, GOIL, New Delhi.

Time of spray:

6—10AM &

Source: SOPs were compiled from publications from PJTAU, Rajendranagar, Hyderabad and Ministry
of Agriculture and Farmers Welfare, GOI, New Delhi.

3. Phytotoxicity (Crop Safety) of pesticides applied using drones in major field crops

None of the pesticides sprayed using drones either at 1X or 2X dose have shown any phytotoxicity
(crop safety) at different doses and combinations mixed at 40 L/ha of spray fluid in the respective crops.
Further, clogging of nozzles and filters were observed when two pesticide formulations are belongs to WP
and SP. The efficacy was reduced due to less flow rate of nozzles due to clogging.

Fig: Clogging of nozzle filters
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Pesticide applied alone or in combination

Rice Chlorantraniliprole 18.5 SC, Tetraniliprole 200 SC, Acephate 50 + Imidacloprid 1.8 SP,
Pymetrozine S0WG, Dinotefuran 50SG and Cartap hydrochloride 50 SP

Tebuconazole 25+Trifloxystrobin 50 (7SWG), Propiconazole 25 EC, (Mancozeb 50 +
Carbendazim 25 WS, Picoxystrobin 7 + Propiconazole 12 EC, Azoxystrobin 18.2 +
Difenoconazole 11.4 SC, Picoxystrobin 7.5% + Tricyclazole 22.5% SC, Carbendazim 12
+ Mancozeb 63 WP

Cotton Flonicamid 50 SG, Spinetoram 11.7 SC, Monocrotophos 36 SL, Profenophos 50 EC,
Acephate 75 SP, Fipronil 5 SC, Diafenthiuron 50 WP, Imidacloprid 17.8 SL
Acetamiprid 20 SP, Chlorpyriphos 50 + Cypermethrin 5 EC, Tebuconazole 50 +
Trifloxystrobin 25 WG, Metiram 55 + Pyraclostrobin 5 (60 WG), Carbendazim 50 WP,
Carbendazim 12 + Mancozeb 63 WP, Propiconazole 25 EC, Azoxystrobin 18.2 +
Difenoconazole 11.4 SC and Kresoxim methyl 44.3 SC

Redgram Monocrotophos 36 SL, Chlorpyrifos 20 EC, Quinalphos 25 EC, Chlorantraniliprole 18.5
SC, Flubendiamide 39.35 SC, Indoxacarb 14.50 SC, Novaluron 5.25 + Indoxacarb 4.50
SC, Chlorantraniliprole 9.30 + Lambda-cyhalothrin 4.6 ZC, Emamectin Benzoate 5 SG,
Spinosad 45 SC and Metiram 55 + Pyraclostrobin 5 (60WGQG)

Soybean Chlorantraniliprole 18.5 SC and Carbendazim 12 + Mancozeb 63 WP
Groundnut Chloranthraniliprole 18.5 SC, Tebuconazole 25.9 EC and Thiamethoxam 25 WG
Sesame Acephate 75 SP, Chlorpyriphos 20 EC, Profenophos 50 EC, Chlorantraniliprole 18.5 SC

and Myclobutanil 10 WP

Safflower Emamectin Benzoate 5 SG, Chloranthraniliprole 18.5 SC, Imidacloprid 17.8 SL and
Thiamethoxam 25% WG

Wheat Pyraclostrobin 133 g/l + Epoxiconazole 50 g/l SE

For the maize, sesame and safflower crops, no phytotoxicity was observed. However, the chemicals used were
not included in the CIBRC'’s recommended pesticides.

*For sugarcane crop the SOPs are only for drone operating and spraying system parameters (as phtotoxicity
and bio-efficacy data was not available).

4. Operational and safety measures for pesticides spraying using drones
i. Pre-Application

i.  Confirm not to fly in the drone — forbidden area (airport or electronic station). Check for zone of
flying area in digitalsky platform. Avoid flying in red and yellow zones.
ii.  Use only Type Certified Drones for agri spraying. RPC, UIN and third party insurance is mandatory.
iii. Do not fly drones nearby high-tension electrical lines or cell towers.
iv.  Understand the local aviation laws and regulations, where and how they operate.
V.  Ensure that the operators are well trained on both drone operation and safe use of pesticide.
Vi. Calibrate drone spray system to ensure nozzle output and accurate application at labeled rates.
vii. Check and maintain drone in good condition without any leak in the spraying system.
viii.  Confirm place for takeoff and landing, tank mix operations.
iX. Check and mark the obstacles (walls, trees, electric lines etc.,) in and around the field for safe
operation.
X. Set up at least buffer zone (10 m) between drone treatment and the non- target crop.
Xi.  Confirm water sources — Do not spray pesticides near water sources (less than 100 m) to avoid
polluting water sources.
xii.  Properly safeguard drinking water bodies, live stock etc., during control operations.
xiii.  Use anti- drift nozzle to decrease drift to human and environment.
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ii. During Application

i
ii.
iii.
iv.
V.
Vi
Vii.
Viii.
iX.
X.

Read labels carefully to understand safety guidance.

Confirm the flying route was reasonable to minimize turn around.

All personal involved in sprays should Wear Personal Protect Equipment (PPE) and spray downwind
towards upwind.

Operation team shall always stay at the downwind end of the field and backlight direction. Non-
spraying personal shall be at upwind edge of target area.

Spray with pure water first to test operate for at least 5 min.

Two step dilutions required to fully dissolve the pesticide.

When spraying pesticides that are toxic to non- target organisms such as fish, birds and silkworm,
strictly abide by the product label requirements and take effective measures to avoid risks.

Clean the nozzles frequently when using wettable powders, as they may clog the nozzles and impact
the spray performance.

Adopt proper pressure for optimized droplet spectrum.

In hilly terrain, make all passes in one direction, down slope. Upslope spraying can be dangerous and
should be avoided if possible.

iii. Thing to remember while spraying with drones

i
ii.
iii.
iv.
V.
Vi,
Vii.

viii.

Xi.

Do not drink alcoholic drinks, 8 hours preceding operation.

Do not spray during hottest part of the day (11.00 AM to 2.00 PM)

Do not spray at low wind speeds <lm/sec

Do not spray at high wind speeds > 5m/ sec

Do not spray during active bee foraging period of the day. Avoid spray drift to flowering nectar crop.
Do not spray in autonomous mode if the field has tall trees/electric poles, as it may damage propellers.
Do not spray, if it starts to rains or seems likely to rain soon. A minimum of two hours no rain period
required after spraying.

Do not spray if wind direction changes by >45°

Do not eat, drink or smoke while spraying.

Do not spray with drone while dropping in or pulling out of a field.

Do not spray with drone while hovering or circling.

iv. Post Application

i
ii.
iii.
iv.
V.

Avoid having to walk through crop which has been contaminated by drifting spray.
Timely evacuation and transfer to fresh air.

Triple rinse of empty container is mandatory.

Ensure waste generated is kept to a minimum.

The disposal of waste must confirm to the local laws.
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vi.  Never burn or bury hazardous waste.
vii.  Never leave empty containers in the field. Send triple rinsed empty containers to the nearest approved
collection site.
viii.  Setup warming signs in the spray area for reminding people.
iX.  Prevent leakage of plant protection products during transport.
X.  Securely store plant protection products away from unauthorized people, animals and food. Safely

dispose all spills immediately.

5. Drone-Based Agricultural Monitoring

Modern precision agriculture depends heavily on timely, site-specific data to optimize input use and
maximize productivity. UAVs play a pivotal role in this process by capturing high-resolution, real-time
imagery for crop health monitoring, stress detection, and resource management. Equipped with advanced
sensors, UAVs can detect variations in crop growth invisible to the naked eye, allowing early detection of
nutrient deficiencies, pest outbreaks, and water stress.

Drones equipped with multispectral cameras can generate vegetation indices such as Leaf Area Index
(LAI), Normalized Difference Vegetation Index (NDVI), and Photochemical Reflectance Index (PRI),
enabling detailed assessment of biomass, chlorophyll content, and plant stress levels (Huuskone, 2018). For
example, at a 120 m flight altitude, UAVs can capture images detailed enough to analyse individual maize
leaves, providing actionable insights for farmers (Khamuruddeen, 2019).

The agricultural drone market includes models ranging from lightweight UAVs under 5 kg to heavy-
duty platforms exceeding 300 kg, with operational ranges of 25-40 km. Multi-copter UAVs are especially
suited for aerial spraying because of their stability and manoeuvrability in spot applications. In Asia, Japan
pioneered UAV spraying in 1997 using Yamaha pilotless helicopters, while China’s DJI has since become a
global leader in manufacturing drones for agricultural use (Chavan, 2019).

UAV-based monitoring offers several advantages over satellite and manned aircraft systems,
including higher spatial and temporal resolution, faster deployment, lower cost, and the ability to operate
under cloudy conditions (Rejeb er al., 2022). In India, UAV monitoring is especially valuable due to
fragmented landholdings, diverse climatic conditions, and relatively low mechanization rates. Advanced
payloads enable early detection of crop stress before visible symptoms emerge, allowing precise interventions
that reduce input use and environmental impact (Singh and Singh, 2025).

Sensors and cameras commonly used for agricultural UAV monitoring include:

o RGB cameras — capture high-resolution true-colour images for mapping, plant counting, and visual
inspection (Cuaran and Leon, 2021).

e  Multispectral cameras — measure reflectance in specific spectral bands for calculating vegetation
indices such as NDVI and NDRE to assess crop vigour (Guebsi et al., 2024).

e Hyperspectral sensors — capture hundreds of narrow spectral bands for detecting early stress signals
and biochemical changes (Rejeb et al., 2022).

e Thermal infrared cameras — measure canopy temperature to monitor water stress and irrigation
performance (Guebsi ef al., 2024).

o LiDAR sensors — generate 3D canopy models for biomass estimation and terrain mapping (Rejeb et
al., 2022).

e  Multisensor payloads — integrate RGB, multispectral, and thermal imaging for comprehensive crop
monitoring.

6. Government Policies and Support

Subsidy: 40-80% subsidy under SMAM and Namo Drone Didi scheme (up to %10 lakh).
Loans: Available under Agri Infra Fund through public sector banks with 5 — 6% rate of interest.
Interim approval is upto May, 2025 for 477 pesticides for drone spraying (CIBRC).

Drone Corridors and eGCA (new platform) registration by DGCA.
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7. Challenges in drone spraying of pesticides in major field crops

Challenges

Way forward

High initial cost of drone (Issue of
affordability)

Custom Hiring Use of Drones
Namo Drone Didi Scheme, SMAM and AIF for
establishment of High-Tech Hubs

Crop specific SOPs for Drone spraying
of pesticides, nozzle clogging

Crop specific SOPs drone spraying of pesticides issued by
GOl.

Establishment of Agri Domain Specific RPTOs for skilled
pilots.

Clogging is limited to formulations like WP and SP,
cleaning is mandatory while spraying with these
formulations.

Drone compatible pesticides

Interim approval by CIB&RC for 477 pesticides for drone
usage.
R&D on ULV formulations required

Adaptability by farmers

Conducting large scale demonstrations
Policy support for conducing the demos.

Lack of skill related to drone operation,
service and handling.

Establishment of agriculture domain specific RPTO
Drone pilot training programmes through ASCI,
NABARD, RKVY and others.

Training on drone servicing and operation.

Limited use hours of drones

More research is required in battery technology and other
spare parts.

R&D on new payload to promote multi-utility drones for
increasing the drone working days.

Establishment of Custom Hiring
Centres / High Tech Hubs

Ministry is promoting the CHCs under SMAM scheme.

Legislative and regulatory issues- lack
of knowledge to drone operators,
dynamically changing, permissions etc.

eGCA: Itis under pilot testing phase and other features like
flight planning, UTM, situational awareness will be added
in due course. This platform provides for on-line

generation of RPCs by RPTO and TCs by manufacturers.
= Non-TC drones need to be controlled.
Shortage of component and part of = Promotion of drone manufacturing under Make in India
Agri- Drones Programme.
= Subsidies to startups / manufacturers.
= Subsides to agriculture drones.
Connectivity issues = Poor internet in rural areas affects mapping and limited to

few areas.

Conclusion

Drones are no longer just flying machines; they are becoming multi-utility tools for modern farming.
From monitoring crop health to spraying pesticides and fertilizers with precision, from seeding in wet-direct-
seeded rice (DSR) systems to releasing biocontrol agents, granular pesticides and assisting in supplementary
pollination in hybrid rice seed production, drones have proven their value in Indian agriculture in shorter
period of less than 5 years. Drones can save labour, time, water, and inputs, while also protecting farmers
from chemical exposure. With clear Standard Operating Protocols (SOPs) now available for major crops like
rice, wheat, maize, pideonpea, cotton, soybean, and sugarcane, input dealers and service providers can guide
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farmers for precision spraying of pesticides. The emergence of multi-utility drones, patented seeding devices,
granular applicators, drone assisted supplementary pollination shows that drones are evolving into year-round
farm machines rather than seasonal sprayers.

To make drone-based agri-entrepreneurship is viable in rural areas of India, well-defined drone
packages of practices and multi-utility payloads, breakthrough in battery technology are essential, along with
ensuring that drones become easily accessible at farmers’ doorsteps in the future. Equally important is the
drone pilot training ecosystem, Drone Didi scheme, and government-supported Custom Hiring Centres / hi-
tech hubs ensure that even small and marginal farmers can access drone services. For input dealers, this opens
up new opportunities, not only to sell products but also to provide drone-based services and advisory support
that strengthen their relationship with farmers. However, the challenges such as high costs, short battery
charging time and life cycles, and weather dependence still exist. But with government subsidies, rising
private investment, and growing rural entrepreneurship, these problems are gradually being addressed over
time. In the future, drones integrated with artificial intelligence, sensors, and satellite data will make precision
farming a reality. Drones will become an essential part of the agricultural toolkit of the farmers.

In short, drones are not just the future; they are already a part of Indian agriculture today. With proper
SOPs, knowledge, training, and business models, input dealers can help bring this technology to every
farmer’s field.
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11.3. A. Transforming Agriculture: Practical Applications of Artificial Intelligence and
Machine Learning

The core purpose of integrating Artificial Intelligence (Al) and Machine Learning (ML) is to
fundamentally transform farming into a system that is more efficient, sustainable, and productive. By
analyzing massive amounts of data from sensors, satellites, and historical records, these technologies provide
actionable insights that help farmers make better decisions, manage limited resources precisely, and automate
complex tasks. This transition is vital for increasing global food production while minimizing waste and
environmental harm. The key areas of application span five core categories: Crop Health and Monitoring,
Resource Optimization, Agricultural Robotics and Automation, Livestock Production, and Farm-Wide
Strategy.

1. Crop Health and Monitoring

e Crop and Soil Monitoring: Drones capture images to create detailed soil maps. Al analyzes these
maps to identify specific areas lacking key nutrients. This allows farmers to apply fertilizer or other
inputs only to the precise spots that need treatment, drastically saving money and reducing chemical
runoff and pollution.

o Early Disease and Pest Detection: Al uses computer vision on drones and field robots to capture
detailed plant images. ML models, instantly analyze these pictures to identify the exact type of disease
or pest days or weeks before symptoms are visible to the human eye, enabling rapid and targeted
intervention.

¢ Crop Quality Assessment: Al systems use cameras to automatically check and sort harvested crops
based on size, colour, and defects with greater speed and consistency than manual methods.

e Crop Yield Prediction: Algorithms analyze historical weather and soil data to forecast the final
harvest size in advance, assisting farmers with logistics and sales planning.

2. Resource Optimization

e Precision Farming: Al generates detailed field maps that guide machinery, ensuring the application
of the exact required amounts of fertilizer, water, or pesticide only where needed.

o Irrigation and Water Management: Al-driven systems ensure efficient water use. Sensors placed
in the soil measure moisture levels, and ML models combine this data with detailed weather forecasts
and the specific needs of the crop. Based on this analysis, Al automatically controls smart irrigation
systems to deliver the precise amount of water required, preventing costly and unnecessary waste.

¢ Feed Formulation: Al systems design the most cost-effective and nutritious feed mixes for livestock
tailored to their specific growth stages.

3. Agricultural Robotics and Automation

¢ Robotic Planting and Seeding: Autonomous robots utilize Al to plant seeds with perfect spacing
and depth, leading to higher uniformity and better crop establishment.

o Targeted Weeding Robots: Cameras identify weeds in real-time, allowing robots to target and
remove them using either minimal chemical sprays or mechanical tools, reducing overall herbicide
use.

o Automated Harvesting: Robots use Al vision to determine when fruits or vegetables are perfectly
ripe and pick them gently, boosting harvest quality and efficiency.

e Equipment Monitoring: Sensors on farm machinery collect operational data, allowing Al to predict
component failures and trigger maintenance before unexpected breakdowns occur.

4. Livestock Production
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e Animal Health Monitoring: Wearable sensors and cameras track vital signs (e.g., temperature, heart
rate) and behavioral patterns of livestock to catch diseases or injuries early.

e Precision Livestock Farming: Al individually manages animals by tracking their location, feeding
habits, and movement to optimize personalized care and breeding programs.

5. Farm-Wide Strategy

¢ Predictive Analytics: Al and ML models analyze historical data, weather forecasts, market trends,
and crop performance to provide data-driven insights and predictions. This allows farmers to make
major strategic decisions about planting, logistics (storage and transport), and securing sales
agreements, resulting in optimized operations and better profitability.

The digital transformation of the Indian agri-food system is being rapidly advanced through the
integration of Artificial Intelligence (Al), Robotics, and Drones. The Ministry of Agriculture and Farmers
Welfare uses Artificial Intelligence (Al) for farmer support and crop management. Key initiatives include the
'Kisan e-Mitra' an Al-powered chatbot that supports multiple languages to assist farmers with queries related
to the PM Kisan Samman Nidhi scheme and the National Pest Surveillance System, which uses Al and
Machine Learning to detect crop issues like pest attacks early, enabling timely intervention to minimize losses
caused by climate change.

Furthermore, Al-based analytics are being utilized for comprehensive crop health assessment and
monitoring for staple crops like rice and wheat, integrating data from field photographs, satellite imagery,
weather patterns, and soil moisture datasets. Concurrently, the Indian Council of Agricultural Research
(ICAR) is developing advanced farm mechanization, including vision-guided robotic apple harvesters, Al-
enabled mango sorting, and sensor-based monitoring systems combined with Blockchain Technology (BCT)
for transparent supply chain management, notably for bananas. Furthermore, the Government is aggressively
promoting drone adoption for agricultural tasks like spraying, which offers significant benefits in efficiency,
cost reduction of inputs, and reduced human exposure to hazardous chemicals, while also creating
employment. Financial support is provided for purchasing drones and establishing Custom Hiring Centers.
The Namo Drone Didi' scheme specifically empowers Women Self Help Groups (SHGs) by supplying them
with drones, advancing a technologically inclusive future for Indian agriculture.

The convergence of AL, ML, and Blockchain (BCT) is fundamentally reshaping the agri-food system.
Al and ML introduce precision, automation, and predictive insights from the farm through enhanced resource
optimization and early pest detection. Simultaneously, BCT delivers immutable trust and transparency,
ensuring instant traceability and accountability across the supply chain. This digital integration is crucial for
creating a more efficient, sustainable, and safe global food system, benefiting producers and empowering
consumers with verified product provenance.

Annexure 1
Glossary of Technical Terms

e Blockchain Technology: A secure, shared digital record book (ledger) that records transactions
across many computers, making the data permanent and impossible to change.

e Traceability: The ability to track the history, location, and application of a product (or its parts)
through all stages of production, processing, and distribution.

e Transparency: The quality of being easily seen through or understood. In food systems, it means all
parties can view the product's entire journey.

e Immutable: The quality of being unable to be changed or deleted. Once data is recorded on the
blockchain, it is permanent.
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¢ QR Code (Quick Response Code): A square barcode that can be read by a smartphone. In this

context, it links the user directly to the blockchain data for that specific product.

e Smart Contracts: Digital agreements stored on the blockchain that automatically run and enforce
themselves when pre-set conditions are met (e.g., automatically releasing payment when a delivery

is verified).

o Artificial Intelligence (AI): A field of computer science that focuses on creating smart machines that
can perform tasks that usually require human intelligence, such as learning, problem-solving, and

decision-making.

e Machine Learning (ML): A subset of Al where computer systems learn from data. Instead of being
programmed with specific rules, the system is fed large amounts of data (like pictures of crops) and

learns to identify patterns or make predictions (like detecting a disease).

e Precision Agriculture: A farming management concept where farmers use technology to observe,
measure, and respond to variability in crops and soil within a field. It means doing the right thing, in

the right place, at the right time.

o Sensors: Devices that detect and respond to events or changes in their environment. In farming, they
are placed in the soil or worn by animals to measure things like moisture, temperature, or activity.

e IoT Sensors (Internet of Things Sensors):

Small devices that connect to the internet and

automatically collect and send data (like temperature, humidity, or location) without human help.

11.3. B. Blockchain Technology (BCT) and Artificial Intelligence (AI) And Machine Learning (ML)

in transforming the Agri-Food System

The global agri-food system is undergoing a fundamental transformation driven by the convergence
of Blockchain Technology (BCT), Artificial Intelligence (Al), and Machine Learning (ML). This digital triad
addresses critical weaknesses in traditional supply chains, such as opacity, inefficiency, and vulnerability to
contamination. These technologies enable a highly efficient, sustainable, data-driven, and resilient food
system capable of improving global food safety, enhancing resource management, and delivering greater
fairness and accountability across the entire value chain.
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Fig: Use of Blockchain Technology in agri-food system

1. Blockchain Technology for Traceability and Transparency in Food Systems

51| Page



v'/ ’

FFyF T

Latest Technologies in Agriculture

S

The conventional global agri-food supply chain is inefficient and vulnerable because it relies on
complex, opaque systems where key players like producers, processors, and retailers maintain isolated
databases. This non-shared record-keeping causes severe operational issues, including slow and costly
transactions (settlement) due to multiple intermediaries and paper documentation. Furthermore, privately held
records suffer from data vulnerability, allowing product quality and origin details to be manipulated or hidden.
Most critically, this fragmentation compromises consumer safety, as the manual audit of these disparate
records leads to delayed tracing during contamination, resulting in expensive and unnecessary product recalls.

Blockchain Technology (BCT) solves the critical lack of trust in the food supply chain by establishing
a decentralized, immutable, and verifiable ledger. This system works by creating a single, unchangeable digital
record of every step a product takes, stored across many computers so no single entity can tamper with it.
Every action, like harvesting or moving the product, creates an unchangeable data block linked to the one
before it, forming a Shared Digital Ledger that ensures all parties have access to the exact same trustworthy
history. Every action in the supply chain becomes a block on the blockchain. Blockchain allows all participants
to see the same history of the product. It promotes complete traceability and transparency across the entire
pipeline, overcoming the operational weaknesses of old systems.

Table 1 indicates the difference between traditional and blockchain traceability across key dimensions
such as tracing speed, data trust, record structure and payment.

Table 1: Difference between Traditional and Blockchain Traceability

changed.

Feature Traditional Method Blockchain Method
Takes days or weeks to Tracing the source takes only
. manually audit records and seconds or minutes using a simple

Speed of Tracing S

find the contamination computer search.

source.

Records can be easily lost, The record is immutable (cannot
Data Trust damaged, or  secretly be changed), guaranteeing the

true history of the product.

Record Structure

Isolated Databases and
paper records maintained
separately by each entity.

A Shared Digital Ledger where
data is validated by consensus
across the network.

Transaction/Payment

Relies on manual approvals
and multiple intermediaries
for payments (Settlement).

Uses Smart Contracts that
automatically release payment
when quality conditions (e.g.,

temperature logs from IoT
sensors) are met.

Blockchain Technology (BCT) makes big, real improvements that are much more than just managing
data. These enhancements are valuable in three main areas which include making public health much better,
giving consumers more power, and helping businesses use fair and sustainable methods.

i. Better Food Safety and Recalls

BCT allows for realtime, precise source tracing. By digitally recording and linking every step, the
time needed to find the origin of contaminated food is cut from weeks to mere seconds. This speed allows for
highly targeted recalls, which minimizes and mitigates financial losses, reduces food waste, and greatly
improves public health.

ii. Consumer Transparency

Consumers can easily access the unchangeable records of their purchases, often by scanning a simple
QR code. This gives them verifiable provenance data, including the farm-level origin, processing timestamps,
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and environmental conditions logged by IoT sensors (like transit temperature). This detailed transparency
empowers consumers to choose products based on safety and ethical standards.

iii. Fairness and Sustainability

BCT also helps with fairness and environmental rules. By offering a transparent view of all
transactions, it facilitates fairer compensation and profit distribution, which helps small producers.
Furthermore, the immutable log gives governments and auditors a reliable dataset for monitoring adherence
to regulations, labor laws, and global environmental accords.

The widespread adoption of Blockchain Technology (BCT) in the food sector faces various
challenges. The high cost for infrastructure, like IoT sensors and network access, creates a Digital Divide,
especially for smallholder farmers in developing regions. Additionally, the network's inherent transparency
raises concerns about exposing proprietary trade secrets and business activities, requiring a careful balance
with privacy for competitive markets. Also, a critical technical hurdle is ensuring BCT platforms can handle
the massive volume of global food transactions (scalability) while ensuring different private and public
blockchains can work together (interoperability). The future of the food system depends on overcoming these
hurdles by integrating BCT with tools like Big Data analytics.
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11.4. A. Application of ICTs in Agriculture

Information use in agriculture has increasingly become important for effective decision-making
by the farming community. Timely access to information is a crucial requirement for decision making in
agriculture and allied sectors. The rapid technological advancements and changing agricultural systems
have significantly highlighted the needs of efficient transfer of advanced and real-time information and
knowledge to the farmers through various medium. In general, farmers’ decisions of adopting new
agricultural technologies are based on their perceptions of limited information. Information on improved
agricultural technologies and practices in most developing countries is delivered by publicly funded
agricultural extension services, which have previously failed to respond to the changing needs of the
farming communities.

With a view to augment the income of the Small and Marginal Farmers, the Government has
launched a number of applications on websites and providing integrated services through Mobile Apps for
better agriculture communication. With the increase in the number of agriculture portals and mobile apps
for farmers, it is important to improve awareness on the specific information, usage and services provided
by these applications. There are a number of portals and mobile apps which specifically attempt to address
farmers concerns. Farmers are using these applications to find out the market price of commodities,
weather, plant protection and other advisory real time. But the effective usage of these e-applications on
web and mobile platforms really provide desired benefits as required needs are fulfilled. But most of the
farmers even though able to access the applications on web and on mobiles, not in a position to do by
themselves due to — awareness, confidence, skill to use, digital literacy, local language issue, integrated
application usage, and trust on the systems.

1. Kisan Call Centres (KCCs)

To harness the potential of ICT in Agriculture, Ministry of Agriculture and Farmers Welfare took a
new initiative by launching the scheme “Kisan Call Centres (KCCs)” on January 21, 2004 aimed at
answering farmers queries on a telephone call in farmers own dialect. These call Centres are working in 17
different locations covering all the States and UTs. This Scheme provides agriculture related information
to the farming community through toll free telephone lines. A countrywide common eleven digit number
1800180- 1551 has been allotted for Kisan Call Centre. The number isaccessible through all mobile phones
and landlines of all telecom networks including private service providers. Replies to the farmers’ queries
are given in 22 local languages. Calls are attended from 6.00 am to 10.00 pm on all seven days of the
week at each KCC location.

Kisan Call Centre agents known as Level 1 agents respond to the farmers queries instantly. who
are graduates or above (i.e PG or Doctorate) in Agriculture or allied (Horticulture, Animal Husbandry,
Fisheries, Poultry, Bee-keeping, Sericulture, Aquaculture, Agricultural  Engineering, Agricultural
Marketing, Bio- technology, Home Science etc. offered by Agricultural/Horticultural/Veterinary
Universities) disciplines and excellent communication skills in respective local language. Queries which
cannot be answered by Level 1 Agent are transferred to higher level experts in a call conferencing mode.
These experts are subject matter specialists of State Development Departments, ICAR and State Agricultural
Universities.

2. National Soil Health Card

Soil Health Card Scheme (https://www.soilhealth.dac.gov.in/) helps farmers know about the crops
that can be planted depending on the soil based on scientific methods. By doing this, the farmers can get
maximum yield while harvesting the crops. Under the scheme, based on analysis, the farmers are provided
with a soil health card that determines the crops that can be cultivated in the particular soil and measures to
develop the productivity of the crops. Providing the soil health card to the farmers increases the nature of
the soil and the right fertilisers that have to be used to increase the productivity. Soil health card is provided
to farmers once in every 3 years.

Soil Health Management (SHM) is one of the most important interventions under National Mission
for Sustainable Agriculture (NMSA). It aims at promoting (1) Integrated Nutrient Management (INM)
through
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judicious use of chemical fertilisers including secondary and micro nutrients in conjunction with organic
manures and bio-fertilisers for improving soil health and its productivity. (2) Strengthening of soil and
fertiliser testing facilities to provide soil test based recommendations to farmers for improving soil fertility.
(3) Ensuring quality control requirements of fertilisers, bio-fertilisers and organic fertilisers under Fertiliser
Control Order Act, 1985. (4) Upgradation of skill and knowledge of soil testing laboratory staff, extension
staff and farmers through training and demonstrations.

It will contain the status of soil with respect to 12 parameters, namely N,P,K (Macro-nutrients); S
(Secondary- nutrient); Zn, Fe, Cu, Mn, Bo (Micro - nutrients); and pH, EC, OC (Physical parameters). Based
on this, the SHC will also indicate fertilizer recommendations and soil amendment required for the farm.
The card will contain an advisory based on the soil nutrient status of a farmer’s holding. It will show
recommendations on dosage of different nutrients needed. Further, it will advise the farmer on the fertilizers
and their quantities he should apply, and also the soil amendments that he should undertake, so as to realize
optimal yields.

Benefits

o The farmers will be notified about the soil type and they can plant crops accordingly.

e The authorities provide a report to the farmers once in 3 years after observing the soil regularly.
This makes the farmers not to be concerned about the cultivation even if the soil changes due to
natural factors.

o The farmers are also given advice by the experts to improve the productivity of the crops and the
necessary methods that have to be practiced in order to implement the changes.
e  The farmers will be informed about the needed nutrients in the soil.
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3. Crop Insurance Scheme

Given the importance of the Agriculture Sector and in view of the risks involved in Agriculture
and to insure the farming community against various risks, the Ministry of Agriculture and Farmers
Welfare (MoA&FW), Government of India introduced a crop insurance scheme in 1985 and thereafter
brought improvements in the erstwhile Scheme(s) from time to time based on the experience gained and
views of the stakeholders, States, farming community, etc. Based on the experience of the Schemes over
the years, to include more risks under Crop Insurance Cover and to make it more understandable and
affordable to the farmers, the flagship Schemes of Pradhan Mantri Fasal Bima Yojana (PMFBY) was
launched in April, 2016 (https://pmfby.gov.in).

Pradhan Mantri Fasal Bima Yojana
MINISTRY OF AGRICULTURE & FARMERS WELFARE

Insurance Preeium Report Crop Loss Apglication Status
Caleutator

Report Gaop lons & Apply for

e Bafees

Report Crop loss

Farmer Corner

The scheme shall be implemented through a multi-agency framework by selected insurance
companies under the overall guidance & control of the MoA&FW and the concerned State in co-
ordination with various other agencies; viz. Financial Institutions like Commercial Banks, Co-operative
Banks, Regional Rural Banks and their regulatory bodies, Government Departments-Agriculture, Co-
operation, Horticulture, Statistics, Revenue, Information/Science & Technology, Panchayati Raj etc.

Objectives of the Scheme

e Providing financial support to farmers suffering crop loss/damage arising out of unforeseen
events.
e Stabilizing the income of farmers to ensure their continuance in farming.

o Encouraging farmers to adopt innovative and modern agricultural practices.

e Ensuring credit worthiness of the farmers, crop diversification and enhancing growth and
competitiveness of agriculture sector besides protecting the farmers from production risks.

Scope and Vision of the Scheme

Under PMFBY:, a uniform maximum premium of only 2% of the sum insured is paid by farmers
for all Kharif crops and 1.5% for all Rabi crops. In case of annual commercial and horticultural crops, the
maximum premium to be paid by farmers is only 5%. The Premium Rates to be paid by farmers are very
low and balance of actuarial premium is being borne by the Government, to be shared equally by the State
& Central Government, to provide full insured amount to the farmers against crop loss on account of
natural calamities.

Efforts are also being made to make the scheme technology driven with the primary objective to
reduce delays in claim payment to farmers. Capturing of CCEs data on smartphones/CCE Agri App and
its real time transfer on the National Crop Insurance Portal has been made mandatory from Kharif 2017
and the States have to provide an evidence of having conducted CCEs before Government of India share
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in subsidy is released. For effective implementation, an integrated National Crop Insurance Portal
(www.pmfby.gov.in) has been developed to integrate all the stakeholders on a single platform on a real
time basis. This has also enabled access to individual farmer-wise detailed data. Further, it has been
decided to obtain the Aadhaar number of insured farmers, details of land records for de-duplication. In
addition, Direct Transfer of Benefits (Claims) to the farmers’ account has been initiated from Kharif 2018
season.

Coverage of Crops

Co

The PMFBY envisages coverage of all crops viz.:

e Food crops (Cereals, Millets and Pulses).

Oilseeds.

Annual Commercial / Annual Horticultural crops.

In addition, pilots for coverage can be taken for those perennial horticultural/commercial
crops for which standard methodology for yield estimation is available.

verage of Risks & Exclusions

Basic Cover: The basic cover under the scheme covers the risk of loss of yield to standing
crop (sowing to harvesting). This comprehensive risk insurance is provided to cover yield losses
on an area based approach basis due to non-preventable risks like drought, dry spells, flood,
inundation, wide spread pest and disease attack, landslides, natural fire due to lightening, storm,
hailstorm, and cyclone.

4. Pradhan Mantri Kisan Samman Nidhi (PM-Kisan)

Pradhan Mantri Kisan Samman Nidhi (PM-KISAN) is a Central Sector scheme with 100%
funding from Government of India effective from 01st December, 2018. With a view to provide income
support to all landholding farmers’ families in the country, having cultivable land, the Central
Government has implemented a Central Sector Scheme, namely, “Pradhan Mantri KIsan SAmman Nidhi
(PM-KISAN)”.

Objective

The scheme aims to supplement the financial needs of all landholding farmers’ families in
procuring various inputs to ensure proper crop health and appropriate yields, commensurate with the
anticipated farm income as well as for domestic needs. Under the Scheme an amount of Rs.6000/- per year
is released by the Central Government online directly into the bank accounts of the eligible farmers under
Direct Benefit Transfer mode, subject to certain exclusions.

Eligibility

The SMFs landholder farmer family is defined as “a family comprising of husband, wife and
minor children who collectively own cultivable land up to 2 hectare as per land records of the concerned
State/UT”.

For the purpose of exclusion of farmers, State/UT Government can certify the eligibility of
the beneficiary based on self-declaration by the beneficiaries as per the guidelines. In case beneficiary is
not available / does not reside in the village, State/UT Governments may consider certification based on
the declaration by other adult member of his/her family. In case of incorrect self-declaration, beneficiary
shall be liable for recovery of transferred financial benefit and other penal actions as per law.

Strategy for Implementation

e The States shall prepare database of eligible beneficiary landholder farmer families in the villages
capturing the Name, Age, Gender, Category (SC/ST), Aadhaar Number, Bank Account Number and
the Mobile Number of the beneficiaries. Responsibility of identifying the landholder farmer family
eligible for benefit under the scheme shall be of the State/UT Government.
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e The existing land-ownership system in the concerned State/UT will be used for identification of
beneficiaries. Accordingly, it is of utmost importance that the land records are clear and updated.
Further, State/UT Governments would also expedite the progress of digitization of the land records
and linking the same with Aadhaar as well as bank details of the beneficiaries.

e The lists of eligible beneficiaries would be published at the village level. Farmers’ families who are
eligible but have been excluded should be provided an opportunity to represent their case.

PM Kisan Portal for implementation of the scheme

Beneficiaries under the scheme are to be identified by the respective State and Union Territory. The
details of farmers are being maintained by the States/UTs either in electronic form or in manual register.
To make integrated platform available in the country to assist in benefit transfer, a platform named PM-
Kisan Portal available at URL (http://pmkisan.nic.in) has been be launched for uploading the farmers’
details at a single web-portal in a uniform Structure.

e The PM-Kisan Portal has been created with the following objectives
o To provide verified and single source of truth on farmers’ details at the portal.
o Timely assistance to the farmers in farm operation.
o A unified e-platform for transferring of cash benefits into farmers bank account
through PFMS integration.
o Location wise availability of benefited farmers list.
o Ease of monitoring across the country on fund transaction details.

This financial benefit of Rs.6000/- per year is to be released to the eligible farmers in three
instalments of Rs.2000/- each every 4-month / trimester, i.e. April-July, August- November and
December-March.

PM Kisan Samman Nidhi Portal

: Depariment of Agriculture, Cooperation & Farmers Welfare
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Govermment of Ingia
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My Rama Recny Applanon Uter \l O oo
Farmer Registration Form

Mandatony
State Oesumcr Sub Disna Brock vetsge

Fanmer Mame * Gunger Category*

dentity Proof Kdentity Proot No IFSC Code ACcount No.

poicnal
Father Mother Husband Name Addcoss Motie No ApeDOB

Owneeaiin (L and Holdng| Survey/Khata No: Khodra/ Drag Bo!

* Single - Jownt

30

5. Agricultural Marketing Research and Information Network (AGMARKNET)

Network Scheme (AGMARKNET) from the year 2000 onwards, with a view to provide to electronic
connectivity to all the important wholesale markets in the country. The objective of the scheme is to collect
and disseminate price and market related information in respect of agricultural commodities of regulated
markets, known as APMC. The AGMARKNET scheme was designed with a vision to empower
agricultural stakeholders, especially small and marginal farmers by providing real-time, reliable, and
transparent market data. The platform plays a crucial role in strengthening the agricultural value chain
by bridging the information gap between rural producers and urban markets, aligning with the broader
goals of doubling farmers’ income, agricultural competitiveness, and digital inclusion.
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AGMARKNET was implemented by with the support of technical collaboration with National
Informatics Centre (NIC). Its initial rollout networked 735 regulated wholesale markets (APMCs) along
with State Agricultural Marketing Boards and DMI regional offices and the program was expanded to
cover over 3,200 markets, including sub-yards, specialized markets, and rural primary markets. More
than 300 agricultural commodities and 2,000 varieties are being covered in this scheme.
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Key implementation elements:

o AGMARKNET software: Installed in each market to collect daily data on arrivals and prices.
o NICNET/Internet connectivity: Ensures markets can relay data in real time.

e Regional language interfaces: Make the system farmer-friendly and inclusive.

e Training and support: Market officials and data entry personnel are trained to ensure quality
and consistency in reporting.
e Daily upload frequency: Markets report twice a day, enabling time-sensitive decisions.

Price related information

Information on price of agricultural commodities is collected by Auction Officers in the mandi
through the process of auction that takes place from early in the morning and goes up to lunchtime. The data
captured from the mandi by the afternoon indicating the day’s minimum price, maximum price and modal
price of commodities. The model price is at which the maximum sales have taken place. The quantity of
arrivals is also reported.

The price information was compiled in the DMI Headquarter and after verification uploaded
on the AGMARKNET portal. Information on the portal is in public domain and can be accessed
freely.

Market related information

In addition to price, several other markets related information is provided on the portal. These relate
to accepted standards of grades, labeling, sanitary and phyto-sanitary requirements, physical infrastructure of
storage and warehousing, marketing laws, fees payable etc. Efforts are on to prepare a national atlas of
agricultural markets on a GIS Platform that would indicate the availability of entire marketing infrastructure
in the country including storages, cold storages, markets and related infrastructure. Similarly commodity
profiles indicating the post harvest requirements of important commodities in terms of quality, packing,
standards etc. are being loaded on to the portal. Commaodities already covered include Rice, Bengal gram,
Red gram and mustard rapeseed.

AGMARKNET provides a comprehensive set of dynamic and static market-related data, critical for
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both short-term operations and long-term policy planning.
A. Dynamic Information
e Daily commodity-wise and variety-wise prices (Maximum, Minimum, Modal).

e Daily arrivals data, measured in quantity and units, by crop.
e Historical trend analysis (daily/weekly/monthly price movement).
e Futures market integration: Provides futures prices from NCDEX and MCX.

e Real-time data updates: Available in English and 8 Indian languages.

B. Static Information
e Market infrastructure details: Storage, grading, cold chains, connectivity.

e  Market profiles: Contact information, services, capacities, charges, facilities.

o Commodity intelligence: Profiles of over 300 commodities and 2,000 varieties,
including production regions, seasons, and trade potential.
e Agri-policy resources: State-wise policies, market regulations, DMI schemes.

C. Dissemination Channels
¢  Online Portal (www.agmarknet.gov.in): Central access for data analysis.

o  SMS-based alerts: Integrated with the mKisan portal, providing real-time alerts to over
12 crore farmers in their local language.

e API services: Offered to private players, agritech startups, and digital platforms to
integrate AGMARKNET data into their solutions.

Price and other data reflected on the portal is being made use of by several agencies including
Banks, Commodity Exchanges, Newspapers, Market Committees, Farmers’ Organizations etc. Price
information on the portal has credibility since it is generated by the Government system and acts as a
reference point.

6. Electronic National Agriculture Market (eNAM)

Electronic National Agriculture Market (e-NAM) is a pan-India electronic trading portal, which
networks the existing Agricultural Produce Market Committees (APMCs) mandis to create a unified
national market for agricultural commodities. The e-NAM Portal provides a single window service for all
APMC related information and services. This includes commodity arrivals & prices, buy & sell trade
offers, provision to respond to trade offers, among other services. While material flow of agriculture
produce continue to happen through mandis, an online market reduces transaction costs and information
asymmetry.

e-NAM addresses the challenges of existing marketing system at APMCs by creating a unified
market through online trading platform, both, at State and National level and promotes uniformity,
streamlining of procedures across the integrated markets, removes information asymmetry between
buyers and sellers and promotes real time price discovery, based on actual demand and supply, promotes
transparency in auction process, and access to a nationwide market for the farmer, with prices
commensurate with quality of produce and online payment and availability of better quality produce and
at more reasonable prices to the consumer. So far, 1552 mandies are connected through e-NAM platform.

Key Objectives:
e To provide farmers better price discovery through transparent online bidding.

e To enable farmers to sell their produce anywhere in India, removing market barriers.
e Toreduce the dependency on middlemen and enhance the earnings of farmers.

Key Features:
e  Online trading of commodities like cereals, pulses, oilseeds, fruits, and vegetables.
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e Real-time price discovery based on demand and supply.
e (Quality testing and assaying facilities.

e  Weighing, grading, and warehousing support.

+ NIGSNEFT

. Farmes Ppstration
+ Lot Geaection

Benefits:
e Qreater transparency and efficiency in the agricultural supply chain.

e  Empowerment of farmers with wider access to markets.
e Promotion of competitive and fair trading practices.

7. Social Media in Agriculture

Social media refers to internet-based communication platforms that allow users to create and share
information, ideas, career interests, and other forms of expression within virtual communities and
networks. These platforms combine interactive Web 2.0 technologies with user-generated content, such
as posts, comments, photos, and videos, which form the backbone of their activity. Users typically create
service-specific profiles managed by the platform, enabling the formation of online social networks by
linking their profiles to those of individuals, groups, or organizations. Unlike traditional media, which
follow a one-to-many (monologic) broadcast model, social media operates through a many-to-many
(dialogic) system, allowing for interactive, real-time communication.

Some of the most popular platforms, each with over 100 million registered users, include
Facebook, WhatsApp, YouTube, Instagram, LinkedIn, and X (formerly Twitter).

Core Functionalities:

e User Profiles: Personal or business accounts with profile photos, bios, and identity details.
o Content Sharing: Ability to share text, images, videos, and other digital formats.

e Networking: Connecting with friends, family, colleagues, or communities.

e Direct Messaging: Private one-on-one or group conversations.

Key Features & Recent Trends

o Al Integration & Personalization — Al tools for content creation & automation; LinkedIn (Al
career coaching, optimized posting).
e Short-Form Video Dominance — Instagram Reels, YouTube Shorts lead.

e Social Commerce — Facebook & Instagram allow marketing posts.
e Community Building — Instagram Reposts tab, Live Map; WhatsApp allows to make groups

channel to make strong connectivity
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Social media in agriculture plays a growing role in knowledge sharing, market access, and community
building among farmers, agribusinesses, and researchers. Platforms like Facebook, YouTube, and WhatsApp
are used to share best practices, weather updates, crop management tips, and market prices in real time. This
connectivity helps improve productivity, promote sustainable farming, and bridge the gap between rural
communities and global markets.

i. Facebook

Facebook is a global social networking launched by Mark Zuckerberg and fellow Harvard students
as a university directory and expanded rapidly to a worldwide user base. In addition to personal use, Facebook
Pages offer organisations, businesses, and public figures an official presence to publish content, interact with
followers, and manage essential business information such as address, hours, and contact details. Pages provide
access to professional dashboards with insights, analytics, content scheduling, monetisation tools, and
audience engagement metrics. Marketing features include targeted advertising, boosted posts, and audience
segmentation.

Facebook now integrates multimedia content sharing (photos, videos, live streaming, Reels),
marketplace listings, community groups, events, and advanced search functions. Businesses and creators
benefit from Meta Business Suite for managing posts across Facebook and Instagram, and Facebook Ads
Manager for running data-driven promotional campaigns.

ii. WhatsApp

WhatsApp is a free, cross-platform instant messaging and Voice over IP (VolP) application that
enables seamless communication across mobile devices, tablets, and desktop computers. It allows users
to send text and voice messages, images, videos, documents, locations, and contacts, as well as make
voice and video calls over the internet. Group chats can include up to 1024 members, and broadcast lists
let users send messages to multiple recipients without revealing details to others. End-to-end encryption
ensures that only the sender and recipient can read messages, reinforcing WhatsApp’s reputation for
secure communication. Additional safeguards include two-step verification and passkey authentication.
Available in over 60 languages and supported on Android and iOS mobiles. With its combination of
usability, privacy, and constant innovation, WhatsApp has evolved from a simple SMS replacement into
a comprehensive global communication ecosystem.

ii. Blogs

Blogs are online publications maintained by individuals, businesses, or organizations to share
articles, opinions, how-to guides, and sector-specific analysis. Once personal diaries, they have evolved
into powerful tools for delivering in-depth information, building communities, and generating revenue.
Posts appear in reverse chronological order and are often integrated with social media and newsletters to
extend reach. Successful blogs offer high-quality, trustworthy content, organized with clear categories
and tags for easy navigation. Features such as engaging headlines, email subscriptions, commenting
systems, social sharing, multimedia elements, and analytics enhance visibility and engagement, while
author profiles build personal connection.
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a. Kisan Suvidha

Kisan Suvidha is an omnibus mobile app
developed to help farmers by providing relevant
information to them quickly. With click of a button,
they can get the information on weather of current day
and next 5 days, dealers, market prices, agro
advisories, plant protection, IPM Practices etc.
Unique features like extreme weather alerts and
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market prices of commodity in nearest area and the maximum price in state as well as India have been
added to empower farmers in the best possible manner.

T -l -

Crop Insurance

Crop Insurance mobile app can be used to calculate the Insurance Premium for notified crops
based on area, coverage amount and loan amount in case of loanee farmer. It can also be used to get details
of normal sum insured, extended sum insured, premium details and subsidy information of any notified
crop in any notified area. This app is available in Hindi and English.

AgriMarket

AgriMarket mobile app can be used to get the market price of crops in the markets within 50 km of the
device’s location. This app automatically captures the location of person using mobile GPS and fetches the
market price of crops in those markets which falls within the range of 50 km. There is another option to get
price of any market and any crop in case person does not want to use GPS location.

11.4. B. Social Media, Portals and Mobile application including NPSS (National Pest Surveillance
System)

The National Pest Surveillance System (NPSS) is a flagship initiative by the Ministry of Agriculture and
Farmers Welfare, Government of India. It is designed to revolutionize pest surveillance through the use of
Artificial Intelligence (Al) and Machine Learning (ML). NPSS provides real-time pest monitoring,
forecasting, and location-specific advisories, helping farmers make informed decisions to reduce crop losses
and improve productivity. The system is implemented with the support of ICAR-NCIPM, DPPQ & S, and

technology partners Plantix & Wadhwani Al. It integrates mobile app and web portal functionalities for both
farmers and agricultural experts.
Benefits of NPSS
o Early detection of pest outbreaks allowing immediate control measures.
« Direct access to expert guidance for pest identification and management.
« Real-time data collection to help avoid large-scale pest epidemics.
« Development of a centralized National Pest Database to identify and monitor pest hotspots.
« Al-powered solutions that improve with accumulated data for a wide range of crop- pest
combinations.
« Minimization of economic losses for farmers through timely and accurate advisories.
Key Features
1. Al-Based Pest Identification:
o Identifies pests/diseases for 61 major crops using image recognition.
e  Provides pest details, symptoms, and Integrated Pest Management (IPM) practices.
2. Pest Surveillance Module:
o Quantitative Surveillance: Conducted by registered scouts and experts with GPS-tagged
observations.

63| Page



s
p i
o 0 Y/ 2N
Latest Technologies in Agriculture THANA @S

FFyF T

S

o Qualitative Surveillance: Designed for farmers to report pest infestation levels
(Severe/Moderate/Low) without login.

e Trap-Based Surveillance: Records data from pheromone traps (currently for cotton pests
like Pink Bollworm).
3. Advisory Module:
e  Experts issue pest-specific advisories for targeted regions based on surveillance data.
e Farmers can view these advisories directly in the mobile app.

4. Image Upload:

e Allows submission of pest/disease images to improve Al models and real- time
pest maps.

NPSS Mobile App

The NPSS mobile app operates in both online and offline modes, making it suitable for field use even
without continuous internet connectivity. The app supports English and Hindi languages for broader
accessibility. Available on Android and iOS platforms, it includes:

e Pest Identification — Capture/upload images for instant Al-based identification.
e Pest Surveillance — Record and submit pest data with GPS tracking.

e Trap Surveillance — Input and upload trap catch information.

e Advisory Access — Receive and view village-specific advisories.

NPSS Web Portal (https://npss.dac.gov.in)

Accessible to experts via secure login at https://npss.dac.gov.in. The NPSS web portal provides:
e Verification and validation of scout-submitted data.

Issuing of advisories based on pest trends.

Dashboard views for district/state/national pest situations.

Management of user accounts, data forms, and master datasets.

Image validation for Al training.

Tracking of scout activity for performance monitoring.

Graphical representation of pest severity (above/below ETL levels).

Pest identification Module in Mobile App: This module in mobile can be used to identify
various pests and diseases of 61 important crops. An Al-based system will analyze the uploaded
image, identify the pest using the available database, and provide information on the symptoms
caused by the identified pest. It will also instantly suggest Integrated Pest Management (IPM)
practices for effective. The following screens of mobile app shown below.
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11.5. A. Latest PHTs and Secondary Agriculture

Fresh fruits and vegetables represent fundamental sources of essential vitamins, minerals and
antioxidants, are integral part of human health. Over the recent decades, there has been a notable increase in
consumer uptake of these items, since they are aware of their potential preventive effects against some non-
communicable diseases (Palumbo et al., 2022) Concurrently, there has been a growing emphasis on enhancing
safety measures encompassing chemical, toxicological and microbial aspects as well as bolstering traceability
throughout the entire supply chain, from production to consumption (Mahajan ef al., 2014).

Food quality can be delineated as the amalgamation of various physical and chemical attributes,
including appearance, texture, flavor and nutritional composition, all of which significantly influence
consumer acceptability (Brasil ez al., 2018). The assessment of fruit and vegetable quality predominately relies
on the evaluation of external attributes such as size, shape, color, gloss, firmness, texture and taste, along with
internal factors encompassing chemical, physical and microbial properties, crucially dealing with nutritional
traits, safety and sustainability (Chauhan et al., 2017).

1. Postharvest Technology:

Post-Harvest Technology (PHT) starts as time after harvesting of crops to the time before meal
preparation. The post-harvest technology is gaining importance for increasing agricultural productivity and
growers intend to become producer-cum-processor by utilizing the technologies of processing. As India is a
rising country with the large availability of Agricultural land, PHT is very important. PHT is the application
of science and technology to agricultural commodities which acts after harvesting food from farms for
preservation, processing, packaging, storage, handling, transportation, and marketing. PHT is an actual
application of food science & Technology.

Post-Harvest Technology can minimize the losses of fresh food commodities & increase the value
addition to crops, horticulture, livestock & fishery sector, etc. Plays a vital role in the reduction of wastage of
food. Postharvest treatments generally consist in cleaning, selecting, grading, and packing of the fresh
produce. However, some crops necessitate special handling or treatments. Root crops, such as potatoes and
some tropical root crops may require having their roots cured prior to long-term storage. PHT is a very
important procedure in the agro-business chain. PHT is an actual means of Food Engineering & Technological
application. It is a link between farms to consumer’s plate.

1. Principles of PHT
i.  Increasing shelf life
ii.  Increase in productivity
iii.  Ensuring value addition in food
iv.  Increasing diversification

V.  Reducing post-harvest losses

vi.  Commercialization of agriculture
vii.  Generation of employment
viii.  Creating surplus for export agro-business
iX.  Generating availability of food in any season, access particular area

X. Storage, marketing & transportation of food
Xi.  Waste management & reduction
Objectives of PHT

e To learn the importance of all food and agricultural commodities

e To understand the classification, types & perishability of agro commodities mainly Fruits &
Vegetables Cereals, Pulses, Legumes & oil-seeds

e Fruits & Vegetables Cereals, Pulses, Legumes & oil-seeds

e To various methods study to increase the shelf life of food

e To study procedure while cooking, processing of food
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e To learn the importance of marketing, storage, handling & hygiene of food.
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Importance of Post-Harvest Technology (PHT):

Post-Harvest Technology (PHT) plays a critical role in the agricultural value chain. It involves all the
processes a crop undergoes after harvesting until it reaches the consumer. This includes handling, storage,
processing, packaging, transportation, and marketing. The importance of Post-Harvest Technology (PHT) as
below:

i. Reduces Post-Harvest Losses
o  Alarge percentage of food is lost between harvest and consumption due to poor handling and storage.
e PHT minimizes losses caused by spoilage, pests, diseases, and improper handling.
¢ In some developing countries, post-harvest losses can reach 30-50% of total production.
iii. Increases Farmer Income
e By preserving quality and reducing waste, farmers can sell more of their produce at better prices.
e  Value addition through processing (e.g., making flour, juices, or dried fruits) enables farmers to access
new markets and earn more.iii. Ensures Food Security and Availability
e Preserving perishable crops extends shelf life, helping maintain a stable food supply throughout the
year.
e Reduced losses mean more food reaches consumers, supporting food security.
iv. Improves Food Quality and Safety
e  Proper post-harvest handling maintains the nutritional value, appearance, and safety of food.
e Technologies such as cold storage or hygienic packaging help prevent contamination and spoilage.
v. Supports Agro-Industrial Development
e PHT creates opportunities for food processing industries and rural agro-enterprises.
o [t generates employment in packaging, processing, storage, and logistics.
vi. Promotes Sustainable Agriculture
¢ Reducing waste means that fewer resources (land, water, energy) are used to produce food that gets
lost.
e [t contributes to environmental sustainability by minimizing food loss and associated carbon
footprints.
vii. Facilitates market access and export
e Standardized packaging, grading, and preservation enhance the marketability of products.
e High-quality, processed, or well-stored products are more likely to meet export standards.
viii. Encourages innovation and research
e Advances in post-harvest technologies (e.g., smart packaging, solar dryers, and controlled
atmosphere storage) encourage innovation.
e Investments in R&D can lead to more efficient and eco-friendly solutions.
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Fig 1. Typical post harvest operations
Factors Affecting Post-Harvest Losses

i. Pre-harvest Production Practices: It is mainly about farming factors like water supply, soil fertility,
cultivation practices and use of chemicals & fertilizers.

ii. Harvesting and Field Handling: The product can get damaged mostly during its harvesting. So, good
harvesting practices and field handling is necessary. As good quality of harvesting workers or advanced
harvesting machinery is used, then loss can be reduced.

iii. Packing or Packaging: Good packaging not just for marketing & presentation but also helps to prevent
the product from both mechanical and other damages. It also helps to increase the shelf life of the product.

iv. Storage: Good storage and keeping quality helps to preserve products for a longer period. Storage rooms
which are clean and hygienic and free from rodents and insects helps to preserve food for a long time.

v. Transportation: A lot of mechanical damages and quantitative losses are occurring due to inappropriate
transportation. So, transportation with good care is important.

vi. Marketing: Improper handling may cause damage in crops especially in perishable products. So, it can
reduce the quality also the quantity of food products which can depletes its market price.

vii. Perishability of the Product: Perishability simply means the amount of water present in the food. As the
food is highly perishable, good practices are important to preserve food for a longer time. As the perishability
of food is low its shelf life naturally increases.

e oy Producer T
Field and Spoeilage,
preparatory bruising
losses Pre-processing breakage
1 leakage

Rejects, culls, =
selection/grading Transport

Insects
Molds Storage

Inefficiency
Excessive

peeling,

Bacteria 1 trimming &
Rodents Processing polishing
Birds and packaging

Sprouting

Unsafe foods
Quality

losses

Rancidity
Overripening

Marketing

Fig 2. Losses in food chain

Causes of Postharvest Losses: While minimizing losses during postharvest operations may seem
straightforward, achieving this in practice is quite challenging. To effectively reduce postharvest spoilage of
fruits and vegetables, it is essential to first understand the various causes of deterioration and the factors that
influence them. Secondly, appropriate postharvest handling practices must be implemented to extend the shelf
life of the produce. According to Bourne (1977) and Salunke & Desai (1984), the causes of postharvest food
losses can be broadly categorized into primary and secondary factors.

Primary causes of losses:
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i. Chemical and Biochemical Factors: These involve undesirable reactions between chemical compounds
present in the food. Examples include browning, rancidity, and various enzymatic changes, all of which can
negatively impact the appearance, taste, and nutritional quality of the product.

ii. Biological and Microbiological Factors: This refers to spoilage caused by insects, pests, animals, and
microorganisms such as fungi and bacteria, which can consume or damage the produce, leading to significant
postharvest losses.

iii. Physical Factors: These relate to improper environmental and storage conditions such as temperature,
relative humidity, air circulation, and other factors that can adversely affect the quality and shelf life of
produce.

iv. Mechanical Factors: Damage caused by physical forces such as spillages, abrasion, bruising, crushing,
puncturing, and other forms of mechanical injury during handling and transportation.

v. Physiological Factors: These include natural processes such as sprouting, senescence (aging), and other
respiratory and transpiration-related changes that affect produce quality over time.

vi. Psychological Factors: Human rejection or refusal to consume certain products based on personal
preferences, cultural beliefs, or religious reasons.

Secondary causes of losses

Secondary causes of postharvest spoilage typically arise from insufficient or absent inputs, which can create
conditions that promote the development of primary causes. These secondary causes may include: poor
harvesting and handling practices, inadequate storage facilities, insufficient transportation systems, lack of
proper refrigeration, and an ineffective marketing infrastructure.Postharvest spoilage can also be categorized
based on the nature of biological and environmental factors, as outlined by Kader (1985). The biological
factors include:

i. Ethylene Production: Ethylene significantly influences physiological processes in produce. Even in trace
amounts, it can stimulate these activities, which is why it is commonly used in ripening chambers. Most fresh
produce naturally generates ethylene as a byproduct of respiration.

ii. Respiration: Respiration is the process by which all living cells break down organic matter into simpler
substances, releasing energy and carbon dioxide (CO>). This process leads to a loss of organic material and
nutritional value, and it generates heat, which must be considered when designing refrigeration systems. In
general, the higher the respiration rate of a product, the shorter its shelf life.
iii. Transpiration: Transpiration refers to the loss of water from produce, leading to dehydration. This results
in shriveling and wilting, which are undesirable because they reduce the product's visual appeal, marketable
weight, texture, and overall quality.

iv. Compositional Changes: Various changes take place during storage—some beneficial, others undesirable.
For example, the loss of green color is typically desirable in fruits as they ripen, but not in vegetables. The
development of carotenoid pigments during storage can enhance nutritional value. Additionally, changes occur
in carbohydrates, proteins, and other food components, all of which can affect the overall quality and shelf
life of the product.

v. Physiological Breakdown: This refers to damage caused by extreme temperatures. Freezing injury or frost
damage can occur when commodities are exposed to temperatures below their freezing point-either in the
field, during transportation, or in storage. Chilling injury is commonly seen in tropical and subtropical produce
when stored at temperatures between 5°C and 15°C for extended periods. On the other hand, heat injury may
occur when commodities are exposed to direct sunlight or excessively high temperatures for too long.

vi. Growth and Development: Many types of produce continue to grow and develop even after harvest.
Common postharvest changes include sprouting in potatoes, onions, and garlic; elongation in asparagus; and
seed germination in fruits such as tomatoes and lemons.

vii. Other Factors: Additional causes of spoilage include physical or mechanical damage during harvesting,
handling, storage, or transportation. Pathological causes, such as infections by bacteria and fungi, also
contribute significantly to postharvest deterioration.

What are Post-harvest Technologies?

Post-harvest technologies encompass the entire chain of operations performed on agricultural products after
harvest to maintain their quality, extend shelf life, and prepare them for consumption or further processing.
These technologies are essential because a significant portion of agricultural produce is lost or degraded
between harvest and consumption due to poor handling, storage, and transport.

Key Components of Post-harvest Technologies:
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i. Harvesting Techniques
e  Proper timing and method of harvesting minimize damage to produce. For example, harvesting fruits
at the right maturity stage ensures better quality and shelf life.
ii. Cleaning and Sorting
e Removing dirt, foreign materials, and damaged produce improves product quality. Sorting separates
produce by size, weight, and quality, which is essential for market standards and processing.
iii. Drying
e Moisture content is reduced through sun drying or mechanical drying to prevent microbial growth
and spoilage. Example: drying grains, spices, and fruits.
iv. Cooling and Cold Storage
e  Techniques like refrigeration, controlled atmosphere storage (modifying oxygen, carbon dioxide, and
humidity), and freezing slow down respiration and microbial activity, preserving freshness. This is
especially critical for fruits, vegetables, dairy, and meat.
v. Packaging
e Protective packaging shields produce from physical damage, moisture loss, and contamination.
Innovations include vacuum packaging, modified atmosphere packaging, and biodegradable
materials.
vi. Transportation and Logistics
e Efficient and hygienic transport minimizes damage and delays. Cold chains are essential for
perishables.

vii. Processing and Value Addition
o Conversion of raw agricultural produce into products with longer shelf life and higher value.
Examples include milling grains into flour, extracting oil from seeds, fermenting dairy products,
making jams and juices, or freezing vegetables.
What is Secondary Agriculture?
Secondary agriculture refers to agro-based industries that focus on processing raw agricultural products to
create value-added goods. This sector bridges farm production and consumer markets.

Role of Post-harvest Technologies in Promoting Secondary Agriculture

i. Reduction of Post-harvest Losses
o Globally, post-harvest losses can reach up to 30-40% for fruits and vegetables, and around 10-15%
for grains. Losses are caused by spoilage, pests, mechanical damage, and poor storage.
e Technologies like cold storage, drying, and improved packaging reduce these losses, ensuring more
raw materials are available for processing industries.
e For example, refrigerated storage for tomatoes can preserve them until they can be processed into
ketchup or sauces.
ii. Enhancement of Quality and Shelf life
e Maintaining the quality of produce is critical for processing. For instance, oil extraction from seeds
requires good quality seeds free from mold.
e Proper post-harvest handling ensures raw materials meet the quality standards necessary for food
processing, pharmaceutical, and cosmetic industries.
iii. Creation of Value-Added Products
e Raw produce often has a short shelf life and limited marketability. Processing transforms these into
stable, transportable, and marketable products.
e Examples:
o Milling wheat into flour.
o Making fruit juices, jams, and canned fruits.
o Extracting vegetable oils from seeds.
o Producing frozen vegetables.
e These products can fetch higher prices, opening up new markets and increasing farmer and industry
incomes.
iv. Market Expansion and Export Promotion
e Post-harvest technologies allow products to be stored and transported over long distances without
spoilage.
o This enables producers to access distant national and international markets, boosting export
opportunities.
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e For example, dried fruits and nuts can be shipped globally due to long shelf life.
v. Generation of Employment and Entrepreneurship

e Secondary agriculture generates employment in agro-processing units, packaging factories, cold

storage facilities, transportation, and retail.

e Small-scale farmers and rural entrepreneurs can establish processing units (like making pickles or

drying spices), fostering rural development.
vi. Reduction of Seasonal Gluts
e Seasonal harvests can lead to market gluts, resulting in price crashes and wastage.

e Storage and processing balance supply throughout the year by preserving surplus produce for off-

season sales.

e For example, mangoes harvested in peak season can be processed into pulp or pickles to be sold year-

round.

vii. Improvement of Food Security and Nutrition

e  Processing diversifies the food supply by creating various products (dried, canned, frozen) that retain

nutritional value.
o It helps stabilize food availability even in adverse seasons or poor harvest years.
o Examples: fortified flours, ready-to-eat snacks, and preserved fruits improve dietary options.

Table 1: Examples of Post-harvest Technologies Supporting Secondary Agriculture

Post-harvest Secondary
Crop/Product agriculture Source / Reference Year
technology
product
_ 2018
. Fruit iuices. iams TNAU Agritech Portal — Post
Fruits Cold storage, dml de 5, ) a Harvest Technology of Cereals;
(mango, drying, juicing frl?t Tuit, canne FAO — On-Farm Post-Harvest
apple) u Management of Food Grains 2015
TNAU — Post Harvest Technology 2018
Cold storage, ]
freezin Frozen vegetables, | of Vegetables, o
Vegetables 1ng, canned vegetables | ICAR — Value Addition in
canning Vegetables 2017
Drying TNAU — Post Harvest Technology: 2018
Grains (wheat, cleanin’g Flour, bran, starch- | Fruits and Vegetables,
rice) millin ’ based products ICAR — Post Harvest Management
& of Horticultural Crops 2016
. . ICAR-NAARM - Secondary
Oilseeds Dlrym.g’ . Edible oils, oilcake | Agriculture for Oilseeds; 2021
(groundnut, cleaninig, ol for animal feed FAO — Oil Crops Post-Harvest 2003
sunflower) extraction Handling
Spices Board of India — Post- 2019
Spices (chili, | Drying, Ground spices, Harvest Techniques for Spices;
turmeric) grinding spice blends ICAR — Post-Harvest Management
of Spices 2018
) Coct)lmg, . E htiese, yo%iurt, d NDDB - Post-Harvest and Value 2020
Milk pasteurization, utiet, powdere Addition in Dairy Sector
packaging milk

Conclusion: Post-harvest technologies are fundamental in bridging the gap between primary agricultural
production and industrial processing. Their application is vital for improving efficiency, reducing waste, and
creating economic opportunities across the agricultural value chain.
e They minimize post-harvest losses and help maintain the quality of raw produce, ensuring that a
greater proportion of agricultural output reaches markets or processing facilities in usable condition.
o These technologies facilitate the creation of value-added products, thereby expanding the scope of
secondary agriculture and strengthening agro-based industries.
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e By enhancing product quality and enabling local processing, post-harvest solutions help increase
farmers' incomes, generate rural employment, and support entrepreneurial ventures in both farming
and agro-processing sectors.

e Moreover, improved handling, storage, and transportation systems expand market access, both
domestically and internationally, while contributing to national food security through year-round
availability and nutritional diversity.

In conclusion, strategic investment in and widespread adoption of post-harvest technologies can significantly
enhance a country’s agro-industrial base, stimulate rural economic development, and ensure sustainable
livelihoods for farming communities.

11.5. B. Use of Plastics in Agriculture

Agricultural Plastics (AP) refers to all types of plastic products used in crop production and livestock
farming. This includes both conventional fossil-based plastics and alternative options that are bio-based and/or
biodegradable in natural or controlled environments.

Biodegradable plastic is defined as a material that is fully broken down by naturally occurring
microorganisms into carbon dioxide and/or methane, water, minerals, and biomass in a specific environment,
without causing environmental harm or eco toxicity.

Plastics are broadly defined as materials composed of one or more organic polymers, often combined
with additives to achieve specific functional properties. These additives can include flame retardants, antistatic
agents, colorants, spinning agents, stabilizers, reinforcing materials, fillers, UV absorbers, and plasticizers.

Conventional polymers—such as polyethylene (PE), polypropylene (PP), and polyvinyl chloride
(PVC)—exhibit high chemical stability, making them environmentally persistent. When used in agriculture,
these conventional plastics can fragment into micro- and nano plastics (MNPs) over time. These particles may
accumulate in soil, be taken up by organisms, or migrate into surrounding ecosystems.

In contrast, biodegradable polymers are specifically engineered to be broken down by microbial
activity. Under oxic (oxygen-rich) conditions, microbes metabolize the polymer, converting its carbon into
carbon dioxide (CO2) and microbial biomass. However, a polymer’s biodegradability depends not only on its
chemical structure but also on the environmental conditions where degradation occurs. Even biodegradable
plastics can initially form smaller MNP fragments before being fully mineralized.

Both conventional and biodegradable polymers can be derived from either non-renewable
petrochemical sources or renewable bio-based sources. For example, polybutylene adipate-co-terephthalate
(PBAT) is petrochemically derived, while starch, cellulose, chitosan, and polylactic acid (PLA) are sourced
from renewable materials.

Agricultural Plastics (AP) labelled as biodegradable are certified by independent third parties in
accordance with international standard specifications and test methods. For example, the EN 17033:2018
standard applies to biodegradable mulching films. These test methods assess how a material biodegrades when
exposed to specific environments—either controlled (e.g., aerobic composting) or natural (e.g., soil,
freshwater, or marine environments). To be certified, the material must meet minimum biodegradation criteria
within a defined time frame. For instance, according to ISO 17556:2019, a biodegradable mulching film must
achieve at least 90% conversion of its carbon content into CO2 within two years under ambient soil conditions.

1. Applications and benefits of plastics:

Plastics in plant agriculture have many environmental and societal benefits. Plastic mulch films,
which alone account for ~50% of the mass of all agricultural plastics, are widely used in crop production.
They provide multiple agronomic benefits, including weed and pest control, soil moisture conservation, a
means to control soil and air temperatures, and enhanced nutrient uptake. All these benefits translate to an
increase in yield, improved water and nutrient use efficiency, and reduced pesticide use. In China, for
example, without the use of mulch film, an additional 3.9 million hectares of arable land would be required
to produce the same amount of food. The increased soil temperature below plastic mulch films allows farmers
to plant and harvest crops earlier and thus provides a market benefit. Plastic mulch films are also used in
organic agriculture because they help suppress weed and insect infestation without the need to apply synthetic
pesticides.
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Applications of Plastics in Agriculture
Plastics have become integral to modern agriculture due to their versatility, cost-effectiveness, and
ability to enhance productivity. Their applications span across various domains, contributing to efficient
resource use, crop protection, and improved yields. Key applications include:
i. Plastic Mulching
Plastic mulches are thin plastic films spread over the soil surface to control weeds, conserve soil
moisture, regulate temperature, and improve crop yield. Common materials include polyethylene (PE) and
biodegradable alternatives (Kasirajan S & Ngouajio M, 2012).
Benefits:
o Reduces evapotranspiration and irrigation needs.
o Inhibits weed growth without herbicides.
o Enhances early crop development by warming soil.
ii. Greenhouse Films
Greenhouse plastics (typically UV-stabilized polyethylene) are used as cladding materials to create controlled
environments for year-round cultivation (Gonzalez et.al. 2010)
Benefits:
o Extends growing seasons.
o Protects crops from adverse weather and pests.
o Improves microclimate and photosynthesis.

iii. Drip and Sprinkler Irrigation Systems
Plastic pipes and emitters (pal et.al. 2017) are used in precision irrigation systems, including drip and
sprinkler setups, which significantly reduce water consumption and increase efficiency.
Benefits:
o Minimizes water loss through evaporation or runoff.
o Delivers nutrients directly to the root zone (fertigation).
o Suitable for water-scarce regions.
iv. Plastic Tunnels and Row Covers
Low tunnels or row covers made from plastic film provide protection during early crop stages, particularly
in temperate zones (Lamont, 2005).
Benefits:
o Protects young plants from frost.
o Increases soil temperature.
o Advances crop maturity.
v. Plastic Nets and Shades
Plastics are used in manufacturing nets (anti-insect, shading, windbreaks) for protecting crops and improving
growing conditions (Shahak, 2008).
Benefits:
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o Controls light intensity and temperature.

o Prevents pest infestation.

o Reduces need for chemical pesticides.
vi. Soil Solarization Films
Clear plastic films are used to trap solar energy in soil, raising its temperature to levels that kill pathogens,
pests, and weed seeds (Stapleton, 2000).
Benefits:

o Non-chemical method of soil disinfestation.

o Enhances soil health.

o Effective in warm climates.
vii. Plastic Seedling Trays and Containers
Used in nurseries for germination and transplanting of seedlings (Dhakal & Shrestha, 2018).
Benefits:

o Ensures uniform growth.

o Reduces transplant shock.

o Enhances root development.
viii. Plastic Silage Bags and Storage
Used to store forage and silage in air-tight plastic bags or tubes, preserving feed quality for livestock (Muck
etal., 2003).
Conclusion
The use of plastics in agriculture has revolutionized modern farming practices by improving water use
efficiency, crop protection, and yield. However, challenges related to plastic waste and environmental
sustainability remain, highlighting the need for innovations such as biodegradable plastics and improved
recycling.

Benefits of Plastics Use in Agriculture
The application of plastics in agriculture, often referred to as plasticulture, has brought numerous agronomic,
economic, and environmental benefits. These advantages stem from the ability of plastics to modify
microclimatic conditions, enhance input efficiency, and improve overall agricultural productivity.
i. Improved Water Use Efficiency
Plastic-based systems such as drip irrigation and plastic mulching significantly reduce water losses due to
evaporation, runoff, and deep percolation. Drip irrigation delivers water directly to the plant root zone,
minimizing waste. Plastic mulch acts as a barrier to evaporation, preserving soil moisture (pal et.al. 2017).
ii. Enhanced Crop Yield and Quality
Plastics such as mulch films and greenhouse covers create favorable microclimates that encourage plant
growth and development. Soil warming under mulch accelerates germination and root growth. Greenhouse
plastics allow off-season cultivation and protect from extreme weather (Kasirajan S & Ngouajio M, 2012).
iii. Pest and Disease Control
Plastic nets, covers, and films reduce the need for chemical pesticides by acting as physical barriers against
pests and pathogens. Insect-proof nets prevent pest entry in greenhouses. Soil solarization using transparent
plastic film sterilizes soil using solar heat (Stapleton, 2000).
iv. Weed Suppression
Plastic mulches block sunlight, which prevents weed germination and growth, thereby reducing reliance on
herbicides. It helps to maintain cleaner fields and reduces labor and input costs (Lamont, 2005).
v. Nutrient Efficiency
Plastic mulch and drip irrigation allow fertigation—the application of fertilizers through irrigation water—
thus ensuring targeted nutrient delivery (Singh et al., 2014).

e Minimizes leaching losses.

e Enhances nutrient uptake efficiency.
vi. Extended Growing Season
Greenhouses and plastic tunnels trap heat, allowing crops to be grown in cooler seasons or regions, increasing
cropping intensity and income potential (Gonzalez et al., 2010).

e Enables early planting.

e Protects against frost and rain damage.
vii. Reduced Post-harvest Losses
Plastic materials are also used in packaging, silage bags, and storage containers to minimize spoilage and
maintain product quality (Muck et al., 2003)
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o Silage films preserve fodder quality for livestock.
e  Plastic crates reduce bruising during transport.
Table 2: Various benefits of plastic use and their impact in Agriculture

Benefit Application Impact
. Drip Irrigation, Reduced water use
Water Efficiency Mulching
Greenhouses, Mulch Greenhouses, Mulch
Yield Improvement Films Films
Pest Control Nets, Soil Solarization Reduced pesticide use
Weed Control Mulching Lower herbicide use
L. Better nutrient
Nutrient Use Fertigation uptake
Season Extension Greenhouses, Tunnels More crop cycles
Post-Harvest Silage Bags, Plastic Less spoilage
Protection Crates

The integration of plastics in agricultural systems has significantly boosted productivity, input use
efficiency, and crop quality. While environmental concerns related to plastic waste persist, innovations such
as biodegradable plastics and recycling programs offer promising solutions to balance productivity and
sustainability.

Concerns of Plastic Use in Agriculture

While plastics offer numerous benefits in agriculture, their widespread and often
indiscriminate use has raised several environmental, agronomic, and health-related concerns. These issues
are particularly pressing in the context of sustainability, soil health, and pollution control.

i. Plastic Waste Accumulation
A major issue associated with plastic use in agriculture is the accumulation of non-biodegradable plastic
waste (Sintim and Flury, 2017). After use, many plastic products such as mulch films, greenhouse covers,
and drip lines are often left in the field or improperly disposed of, leading to long-term pollution.
e Agricultural plastic waste (APW) is difficult to recycle due to contamination with soil, pesticides,
and plant residues.
e Improper disposal contributes to land and water pollution.

ii. Soil Pollution and Microplastic Contamination
Plastics degrade into microplastics, which can accumulate in agricultural soils, potentially affecting soil
fertility, microbial communities, and crop health (Zhang and Liu, 2017).
e Microplastics can alter soil structure, reduce aeration, and water retention, and interfere with root
growth.
e Soil organisms may ingest microplastics, which may disrupt soil food webs.

iii. Toxicity and Chemical Leaching
Certain plastic materials contain additives, such as plasticizers, stabilizers, or flame retardants, which
can leach into the soil and water over time (Lithner et al., 2011).
e These additives may have toxic effects on plants, beneficial soil organisms, and potentially enter
the food chain.
¢ Risks increase when plastics degrade under UV radiation and high temperatures.

iv. Limited Recycling and End-of-life Management
Agricultural plastics are often contaminated and not suitable for conventional recycling processes. As a
result, a large portion ends up being burned, buried, or left in fields, contributing to pollution and
greenhouse gas emissions (Hopewell et al., 2009).

e Lack of organized collection and recycling systems in many rural areas.

e  Open burning of plastics releases toxic fumes including dioxins and furans.
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v. Impact on Soil Biodiversity and Function
The presence of plastic residues, especially microplastics, can negatively impact soil biodiversity by
affecting earthworms, microbes, and other essential organisms involved in nutrient cycling and
decomposition (Rillig and Lehmann, 2020).

e  Alters microbial enzymatic activity.

e Reduces soil fertility and organic matter decomposition.

vi. Dependency and Unsustainable Practices
Excessive reliance on plasticulture may promote monoculture and high-input farming systems, which are
inherently unsustainable in the long term (Steinmetz et al., 2016).
e Leads to higher input demands (fertilizers, irrigation).
e Discourages traditional agroecological practices.
Table 3: Various concerns of plastic use and their impact in Agriculture

Concern Description Impact
Plastic waste Poor disposal, contamination Soil and water pollution
Microplastics Fragmentation in soil Affects soil organisms and fertility
Chemical leaching Additives like plasticizers Toxicity to plants and microbes
S ) Burning and dumping increase
Recycling limitations Contamination limits recycling pollution
Affects microbes and : : :
S hinds : Disrupts nutrient cyclin
Soil biodiversity loss earthworms p yeling
Unsustainable Overdependence on plastic Soil degradation, reduced resilience
practices mnputs

Conclusion

While plastics have significantly enhanced agricultural productivity, their environmental footprint poses
serious long-term risks. Concerns about waste accumulation, microplastic pollution, chemical toxicity, and
soil degradation highlight the urgent need for sustainable alternatives, such as biodegradable plastics,
improved waste management, and policy interventions. Balancing productivity with ecological
responsibility is essential for the future of sustainable agriculture
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11.6. A. Hi-Tech Agriculture

Indian agriculture is having a long history which dates back to Indus valley civilization. Till today
there have been many changes in farming practices, which made the process of farming comparatively easier
along with increased production/output. Various developments in agriculture have uplifted farming greatly in
India. But the climate change is creating a great challenge to the farmers to carry out agriculture using only
traditional farming practices. Also the increased population has made agriculture as a need based practice to
fulfill the demand of both domestic requirements also exploiting export potential, which is bringing new
generation farmers into agriculture.

The transformation in agriculture from traditional to modern has increased facilities however various
challenges have not been reduced and addressed. This is where Hi-tech agriculture plays a key role addressing
to various farming problems, though specific advanced technologies.

The growing information technology has brought all the information related to agriculture using
modern technologies like Artificial intelligence to help the farmers to carryout agriculture more precisely,
taking need based decisions to manage crops at micro level, optimizing application of inputs (nutrients, water,
pesticides, etc). These methods are the effective means to achieve higher yield, improving quality, enhancing
resource efficiency, thereby ensuring climate resilience.

Definition of Hi-Tech Agriculture

“Hi-tech agriculture refers to the farming practice by applying the principles & practices of modern
technologies to increase production, improve quality of produce, increase efficiency of resources/inputs
(water, land, nutrients, pesticides, etc), ensuring climate resilience, ultimately doubling the income of the
farmers.” Hi-tech agriculture can also be termed as smart farming or precision farming which integrates
modern technologies to improve efficiency of farming practices and to achieve sustainability in agriculture.

Key components and principles of Hi-Tech Agriculture practices

i. Precision Agriculture Practices:- This involves the application of GPS, GIS, Sensors based
information to monitor crop health, soil conditions which ensure efficient use of inputs through VRT
(variable rate technology) where fertilizers, pesticides, water are given at right time and at right
amount to only specific spots in agriculture field.

ii. Farm Mechanization using Automation & Robotics:- Various farming operations from land
preparations till harvesting, post harvest handling are done using intelligence machines like robotics
to address labour scarcity and increase efficiency of practices with less time. Example: - Drones used
for spraying of nutrients, pesticides through aerial mode. A single machine called Bed cum mulching
machine used to prepare beds, cover mulching sheet and transplant seedlings in vegetable crops, a
mechanical harvesting machine used in various agriculture & Horticulture crops for harvesting the
produce.

iii. Artificial Intelligence generated information using weather data, sensors, internet of things
(IoT), etc: - The real time data about environmental conditions like Rainfall, wind speed,
temperature, relative humidity, light intensity, soil conditions, etc will be collected from
agrometeriological units with sensors. This information will be used as an artificial intelligence
information to predict & monitor crop conditions like incidence of pests & diseases, early detecting
of problems which helps the farmers to take immediate decisions on precautionary management
practices. Example: - Precautionary pesticides spraying & other management practices during
prediction of Rains.

iv. Integrated Nutrient Management (INM):- Providing balanced nutrients to the plants using both
organic (FYM, Vermicompost, Biofertilizers, etc) & inorganic source (chemical fertilizers) to fulfill
the crop requirements. With this farmers can reduce impact on environment with using only chemical
fertilizers.

v. Integrated Pest & Disease Management (IPM & IDM):- An approach to manage pests and
diseases by integrating all possible combinations of methods like cultural, biological and chemical.
This will again reduce impact on environment and human health reducing chemical residues.

vi. Micro-Irrigation with Fertigation: - Delivering only required amount of water to the specific root
zone using drip irrigation, and providing nutrients along with irrigation water directly to the roots of
plants is fertigation. This will enhance the efficiency of water and nutrients maximizing the yield and
quality of crops.
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vii. Biotechnology and Genetic Improvement of Crop Varieties:- Application of biotechnological
approaches like Genetic engineering, advanced crop improvement programmes & micropropagation
(Tissue culture) to develop superior varieties like resistant to pests/disease, tolerance to drought, high
yielding, fortifying with increased nutrients, and for rapid mass multiplication of disease free, healthy
planting material in a desired plant variety.

Example: - Bt brinjal variety genetically modified to induce resistance to fruit borer, Tissue culture banana
a commercial propagation technique to develop virus free plants, Pomegranate hybrid “Solapur Lal”
biofortified variety rich in Fe, Zn, and Vit C.

viii. Protected Cultivation: - Growing of crops inside protected structures called greenhouse or
polyhouse creating optimum climatic conditions specific to the crops to achieve higher productivity,
quality and also protecting crops from adverse outside environment.

iX. Vertical Farming and Hydroponics: - Growing plants using vertical space and soilless cultivation
of plants supplying nutrients through nutrients rich solution. This objective is to increase production
under limited space in urban and supply residue free fresh farm produce to meet demand of urban.

X. Postharvest Handling: - Integrating strategies for proper handling, processing and storage to reduce
postharvest loss maintaining quality.

1. Need for Hi-tech Agriculture in India

With the prevailing situation of climate change, urbanization, existence of small & marginal land
holdings, low soil fertility, rainfed conditions, scarcity of labour, reduced yield/quality (chemical residue),
decreased natural resources, etc., farming is demanding resource efficiency in terms of per unit availability of
water, land and time. This is in turn demanding to develop and apply new technologies evolving in Agriculture.
The practicing of Hi-tech agriculture principles will help the farmers to improve efficiency of inputs,
sustainable production, increased quality, increased income to the farmers ultimately achieve sustainable
farming in future. High density planting increases yield per unit area employing techniques of training and
pruning. Hi-tech agriculture practices will address to major problems of farming in India.

2. Advantages of Hi-Tech farming practices
e Increased productivity per unit area, increasing yield by 5-8 folds
e Efficient usage of inputs/resources (saving water by 50 %, fertilizers by 25 % and pesticides)
e Better quality of produce with better growth & uniformity of crops
e Efficient usage of land in advanced production systems like vertical farming, protected
cultivation, high density planting
e Year round cultivation of crops & climate resilience agriculture practices
3. Limitations of Hi-Tech agriculture practices
v’ High initial investment for adopting advanced technologies (machineries)
v’ Technical knowledge or skill required for operating advance tools/equipments
¥v' Maintenance and repairs of machineries would be dependency

11.6. B. Protected cultivation — Importance and scope

Protected cultivation is comparatively a modern agriculture technology which involves production of
crops in a controlled environment conditions providing the crops with the required environmental conditions
(temperature, light, relative humidity, ventilation, Co2, etc) inside a protected structure called
greenhouse/polyhouse, also protection the crop from adverse outside environmental conditions mainly rains,
hail storms, higher temperature, RH, etc. This technology allows the year round cultivation of crops or off
season cultivation of crop significantly increasing the yield and quality of the produce.

Green House: - It is a framed structure covered with transparent or translucent material (Polythene sheet)
inside which plants may be grown under partial or full control of environmental conditions based on
requirement of crop. Green house cultivation basically works on the principle of greenhouse effect. The
covering material traps the solar energy entering inside the structure thereby raising temperature inside the
greenhouse.

Benefits of Protected cultivation: - Protected cultivation ensures efficient usage of resources like water, solar
energy, inputs fertilizers, and pesticides etc., compared to open field cultivation. It is rather protects the crop
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from the outside adverse climatic conditions, creating suitable environment inside. With the benefits and
manifestations of greenhouse structure any crop can be grown throughout the year irrespective of their
traditional growing season (off season cultivation) and region. The potential high value crops found suitable
and economical for protected cultivation given in Table 1.

Table 1: Potential Crops for Protected Cultivation

Flowers Chrysanthemum, Carnation, Gerbera, Rose, Lillium, Orchid,
Gladiolus, Anthurium, Gypsophylla, Cut greens, etc.

Vegetables Tomato, Capsicum, Cucumber, Exotic vegetables like Broccolli,
Red cabbage, Zhuchini, Lettuce, red cabbage, leafy vegetables, etc.

Fruits Strawberry

Seedlings and Nurseries | Vegetable, Flowers, Tissue culture, Fruit grafting, etc.

Greenhouse effect e

me heat

escapes to space

Fig 1: Illustration of Greenhouse effect

Scope and Importance of Protected Cultivation

With globalization of markets, shrinking land and climate change situations, the protected cultivation
of high value crops has emerged as the single most important technology for ensuring high productivity,
improved quality and profitable returns to the farmer. India is having tremendous scope for increasing
protected cultivation of high value crops if popularly organizing the promising fields/areas having wide scope
for protected cultivation in the country.

Protected cultivation ensures year round cultivation of crops

Increased yield by 4-5 folds, improved quality with longer growing period

Efficient utilization of resources like water (40-50 % save) & other inputs

Reduced pesticide usage with less incidence of pests and diseases

Best technology for production of high value & low volume crops

Increased income with off season cultivation based on the demand

The problematic agro-climatic conditions (barren, fallow land, desserts, etc) can be brought into

cultivation substantially generating income

e Promotion of protected cultivation of export oriented crops to exploit export potential and earn foreign
exchange

e Protected structure offers a best technology for raising best quality planting material and for hardening
tissue culture plants and grafted plants

e Economic returns can be increased substantially growing high value crops under protected conditions

11.6. C. Vertical Farming and Urban Agriculture: Novel Production Systems Hydroponics

India continues to grow with rapid urbanization is expected to reach 600 million urban populations
by 2030. This will create scarcity of natural resources like water, land, food insecurity. In this situation,
traditional farming practices with its extensive land and water use leads to food insecurities in the nation.
Hence, Vertical farming in urban areas is emerging as a hope for addressing the challenge of food security
reducing land and water use, and providing residue free, healthy, fresh farm produce the urban.
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Definition:- Vertical farming is an advanced approach in the agriculture sector where plants are grown
utilizing the vertical space in stacked layers, often integrated with structures like buildings, repurposed
warehouse materials, shipping containers, etc.

Vertical farming is often associated with environment controlled conditions, providing optimum
growing conditions for plants including light, temperature, relative humidity, aeration, etc. In vertical farming
to reduce load of the growing media on the structure, the techniques of hydroponics, aeroponics, aquaponicsis
are often used in soilless conditions.

Urban Agriculture: - The farming practice in urban region include cultivation of fresh vegetables on the roof
top, vertical structures designed for home use, backyard gardens, community gardens, indoor growing units,
etc., with an intension to increase easy access of fresh and residue free healthy farm produce to the urban,
ensure food security, reducing urban heat, enhancing community engagement in agriculture, educating urban
to the importance and practices of agriculture.

- - GROWN GROWN

Ao ;}3‘ 9 S HYDROPONICALLY: IN SOIL:
SN AR Big Plant, VS. Small Plant,

' w 1 Small Roots Big Roots

Hydroponics

Controlled
Environment
Conditions

Figure 2:- Techniques of Vertical Farming & Tllustration of Hydroponics

Advantages of practicing/encouraging vertical farming in urban

Producing more produce per unit area

Increased efficiency of water consumption upto 90%

Production and supply of residue free, healthy fresh farm produce

Reduced carbon footprint reducing long mile transportation from remote farms

Easily installed or located in urban area, homestead area with limited space

Efficient utilization of unused vertical space for productive use

o Ensure sustainable year round production with low risk of crop failure due to climatic calamities

Commercial vertical farming ventures: - some of the successful vertical farming initiatives in India
exploited the potential of this novel approach are UrbanKisaan (Hyderabad), Future Farms (Chennai),
Farmizen (Bengaluru, Hyderabad), Agricool India (Delhi). India can turn the challenge of increasing
urbanization into an opportunity promoting vertical farming establishing sustainable and resilient agriculture
system.

Hydroponics:-

Hydroponics is an innovative technique in agriculture where the plants are grown in soilless
conditions supplying the required nutrients directly to the roots of the plants by dissolving nutrients solution
in water. The plants will be grown under submerged condition of roots in the nutrient solution.

This method of farming is a type of soilless farming with a technique of having precise control over
the plant nutrition efficiently supplying all essential nutrients through water. Hydroponicsis a sustainable
agriculture technique which rapidly increases the growth of plants thereby giving higher yields compared to
soil based traditional farming.
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Crops found potential for hydroponic farming includes leafy greens (lettuce, Spinach, Kale, etc.), Fruits &
Vegetables (Tomatoes, Cucumbers, Strawberries, Bell pepper, etc.), Herbs (Basil, Mint, Oregano, etc).

Advantages of Hydroponics farming

Faster growth of plants with increased productivity per unit area

Efficient usage of water and nutrients, land under urban agriculture

Reduced chemicals and pesticides usage

Hydroponics under controlled environment condition allows for year round cultivation

Limitations of Vertical farming (Hydroponics)

High initial cost for set up & not suitable for all crops

Demands technical skills for operating and monitoring the system
Dependency of energy for running equipment’s

Economic feasibility and scalability is still developing

Conclusion: - This chapter highlight the potential of hi-tech agriculture practices in revolutionizing India
farming. Hi-tech agriculture is bringing new avenues to Indian agriculture sector achieving sustainability
against challenges of climate change, urbanization, depleting natural resources. Hi-tech farming approaches
are tailored with sustainable practices which help to achieve higher productivity, improving food security, and
keep promoting sustainable agriculture in future, with acknowledgment to address the associated limitations
with these technologies.

ANNEXURE
1. GPS (Global Positioning System) & GIS (Geographic Information System)

GPS is a satellite-based navigation system that provides precise location information, while GIS is a computer-
based system for capturing, storing, analyzing, and visualizing geospatial data. Essentially, GPS provides the
location data, and GIS uses that data to create maps and analyze spatial relationships.

2. VRT (Variable Rate Technique):- It is a target based interventions like applying specific rate of
fertilizers, water or pesticides to specific spot in a single field using information from the sensors.

3. ToT (Internet of Things):- This refers to the collective network of connected devices and the
technology that facilitates communication between devices and the cloud, as well as between the
devices themselves.

4. Different Types of Hydroponics

a. Nutrient Film Technique (NFT) is a hydroponic system where the nutrients flow in a shallow stream
of water over plant roots. This is ideal for small plants.

b. Deep Flow Technique (DFT) is a hydroponic system where the roots are submerged in nutrient
solution and plants will be floating over the solution. This is ideal for growing green leafy vegetables.

c. Floating technique: - Planting pots are submerged in the nutrient solution fixed to Styrofoam board
separating the aerial growth. Artificial aeriation will be provided to oxygenate water, which prevents
roots from suffocation promoting healthy growth.

d. Capillary action technique: - The planting pots are kept over the nutrient solution with highly porous
media, pots having holes at bottom from which the roots absorb the nutrients through capillary action.

e. Aeroponics:-It is a technique of growing plants by exposing roots to the air and periodically supplying
nutrients though misting solution. This technique completely eliminates the requirementof soil or
soilless media. It is a type of hydroponics where nutrients are supplied through misting.
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Module XII: OVERVIEW OF ALLIED SECTORS

12.1. Livestock Feed and Supplements: Opportunities for Agri-Input Dealers

Introduction

Livestock nutrition is vital for ensuring animal health, growth, reproduction, and overall productivity.
The cost of feed makes up a significant portion of raising animals, accounting for around 60-70% of the total
expense. Livestock feed is the food given to farm animals like cows, sheep, and poultry to help them grow
and produce milk, meat, or eggs. To effectively meet all nutritional requirements, farmers and nutritionists
often use feed supplements and feed additives alongside regular feed like grass and grains. Proper use of these
products is essential for better productivity, animal health, and maximizing economic benefits for farmers.

o Feed: Regular food like grass, grains, and crop residues.
¢ Feed Supplements: Extra nutrients like vitamins, minerals, and proteins
¢ Feed Additives: Non-nutritional substances like probiotics and enzymes

Feed Supplements: Addressing Nutritional Deficiencies

Feed supplements provide essential nutrients that may be lacking in the animals’ base diet.
Supplements are primarily focused on providing essential nutrients that the animal may not get from the base
feed. These supplements are critical to achieving proper animal growth, reproduction, and productivity,
especially when primary feeds (like forages or grains) do not provide all necessary nutrients.

Feed Additives: Enhancing Feed Efficiency and Health

Feed additives are non-nutritional substances added to animal feed to improve feed quality, ensure
animal health, or enhance production performance. Additives serve to modify the feed in ways that can
enhance palatability, preservation, or overall health, rather than addressing specific nutritional deficiencies.
These additives address specific challenges such as disease prevention, digestion, and growth rate
optimization.

Types of Livestock Feed
Common types of feed used for livestock:
Type of Feed Examples Purpose

Roughages Green grass, dry straw, hay | Bulk food, helps digestion
Concentrates Maize, wheat bran, oil cakes | Energy and protein
Crop residues Sugarcane tops, paddy straw | Cheap and locally available
Silage Fermented green fodder Long-term storage of nutrients
Total Mixed Ration | Ready-made balanced feed | Saves time, improves nutrition

Types of Supplements
Supplements are added to feed to fix nutritional gaps. Common types include:

e  Mineral Mixtures: Provide calcium, phosphorus, etc.

e Vitamin Premixes: Improve immunity and reproduction.

e Probiotics & Enzymes (Additives): Improve nutrient absorption.

e Protein supplements: provides protein boosts milk yield in dairy animals.

e Energy supplements: Urea-Molasses Blocks - Cheap protein-energy source.
Supplements are especially useful during pregnancy, lactation, or disease recovery

Benefits of Feed supplements
e Ensures balanced nutrition and prevents deficiencies
e Improves growth rate and weight gain
e Enhances milk and egg production
e Boosts immune function and overall health

8l|Page



/
&
Overview of Allied Sectors n 'f/—\

ANAGE]

2 e

S

Opportunities for Agri-Input Dealers
Agri-input dealers have business opportunities by offering livestock feed and supplements due to:
e Growing demand for animal protein (milk, meat, eggs)
e Government focus on animal nutrition
e Farmers seeking better productivity
e Easy grouping with other agri products (seeds, fertilizers)

Some Popular Brands of Livestock Feed and Supplements

Types of Livestock Feeds

Feed Type Description Example Brands
Green Fodder Fresh grass, maize, sorghum Amul Silage Bags, Cornext
Concentrates Maize, wheat bran, oil cakes Godrej Agrovet, SKM Feeds
Silage Fermented green fodder in airtight bags | Cornext, Amul
Total Mixed Ration | Ready-made mix of roughage + grains | Kapila Feeds, Nutrifeed

Types of Feed Supplements and Additives

Supplement Type Purpose Example Brands
Mineral Mixtures Calcium, phosphorus, magnesium | Trouw Nutrition, Refit RIGMIN
Vitamin Premixes Boost immunity, fertility Vetpulse, Granmed Labs
Probiotics & Enzymes | Improve digestion and gut health | Vetcare, Virbac
Herbal Tonics Liver, fertility, immunity boosters | Ayurvet, Vet Impulse
Urea-Molasses Blocks | Cheap protein-energy source Local cooperatives, KVKs

Poultry Feed and Supplements

Product Type Use Brands
Layer Feed For egg-laying hens Suguna, Godrej, Anmol Feeds
Broiler Feed For fast-growing chickens | Suguna, Vetcare
Poultry Supplements | Boosts growth, immunity | Virbac, Vetpulse

Livestock Feed & Supplements: Manufacturers and Product Links

Manufacturer Products Offered Website / Link
Amul Dairy feed, silage bags amul.com
Virbac Cattle feed supplements and additives Virbac Products
Suguna Dairy feed, broiler and layer feed sugunafoods.com
Anmol Cattle feed anmolfeed.com
Godrej Agrovet Cattle, poultry, aqua feed godrejagrovet.com
Vet Impulse Herbal tonics, calcium, fertility aids vetimpulseindia.com
SKM Animal Feeds | Dairy and poultry feed skmpornafoods.com
De Heus India Advanced feed factory deheus.com
Refit Animal Care | Mineral mixtures (RIGMIN-FORTE) refitanimalcare.com
Voeden India Liquid multivitamin supplements voedenindia.com
Uniraylifesciences | Feed supplements unirayvet.com
KNC Nutrition Livestock, poultry and aqua feed supplements and | kncnutrition.com
additives
Kapila agro Dairy feed Kapilaagro.com
Unofeeds Aqua feed supplements unofeeds.com
Conclusions

Understanding the distinct roles of various types of feed (like roughages and concentrates), feed
supplements (which fix nutritional gaps), and feed additives (which enhance health and efficiency) is key to
sustainable livestock farming. By utilizing the right combination of feed and supplements, farmers can ensure
balanced nutrition, prevent deficiencies, improve growth rates, and boost immune function. Ultimately,
adopting the right feeding strategy allows farmers to achieve greater productivity and earn more income.
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12.2. Exploring the World of Livestock Enterprises: Key Concepts and Practices; Dairy, Poultry,
Fisheries, etc.

Livestock enterprises form one of the most dynamic and critical pillars of global agriculture, serving
as a source of food, employment, income, and raw materials for millions of households worldwide. Among
the various branches of livestock production, the dairy and poultry sectors stand out for their remarkable
adaptability, technological evolution, and contribution to food security. Dairy farming, with its long-standing
traditions of milk and dairy product production, has transformed from smallholder, pasture-based systems into
mechanized, precision-driven enterprises. Similarly, poultry farming-once a backyard practice-has become
one of the fastest-growing agribusinesses, feeding billions of people with meat and eggs that are high in protein
and essential nutrients. These enterprises collectively address the growing global demand for animal-sourced
foods while offering pathways for poverty alleviation, rural employment, and agricultural diversification.

The world of livestock enterprises operates in a delicate balance between productivity and
sustainability. Challenges such as climate change, disease outbreaks, feed resource scarcity, and ethical
concerns regarding animal welfare continuously reshape the trajectory of dairy and poultry production.
Livestock are both victims and contributors to climate change: rising temperatures affect productivity and
health, while the sector contributes significantly to greenhouse gas emissions-particularly methane and nitrous
oxide. Simultaneously, consumer preferences are shifting toward sustainably produced, antibiotic-free, and
traceable animal products, pushing the industry to innovate and adapt.

The global livestock sector contributes about 40% of agricultural GDP and provides livelihoods to
approximately 1.3 billion people. In developing countries, smallholder dairy and backyard poultry systems
form crucial safety nets, especially for women and low-income households. In industrialized economies,
livestock production is increasingly integrated into sophisticated value chains supported by genetics, data
analytics, and precision feeding technologies. Despite regional diversity, the central tenet of livestock
enterprises remains consistent: optimizing animal health, productivity, and profitability within ecological and
ethical boundaries. This paper explores the evolving world of livestock enterprises by focusing on the key
concepts and practices underpinning dairy and poultry sectors, presenting recent statistics, innovations, and
future directions for sustainable growth.

1. Key Concepts and Foundations of Livestock Enterprises

Understanding livestock enterprises begins with grasping several foundational concepts that underpin
animal production systems globally. A livestock enterprise is an organized system designed to manage animals
for specific outputs such as milk, meat, eggs, wool, or manure. It combines biological, economic, and
management components, each influencing the efficiency and sustainability of production. The core concepts
include production systems, productivity indicators, input management, biosecurity, animal welfare, and
sustainability. Each enterprise functions within a broader ecosystem influenced by resource availability,
market access, and technological infrastructure.

Livestock production systems are generally categorized as extensive, semi-intensive, or intensive.
Extensive systems rely on natural grazing and low inputs, typical of pastoral regions in Africa or South
America. Semi-intensive systems blend grazing with supplementary feeding, while intensive systems-
common in modern dairy and poultry industries-depend heavily on purchased feed, confined housing, and
mechanized operations. These systems differ in efficiency, environmental footprint, and resilience to shocks.

Performance in livestock enterprises is measured through key performance indicators (KPIs) such as
feed conversion ratio (FCR), average daily gain (ADG), milk yield, mortality rates, and reproductive
efficiency. Economic performance is assessed through cost-benefit ratios, gross margins, and return on
investment. For example, poultry farms often achieve feed conversion ratios below 1.8, while dairy farms
seek to maximize milk solids output relative to feed costs. These metrics are vital for decision-making,
benchmarking, and identifying inefficiencies.

There is risk inherited in livestock enterprises. Disease outbreaks-such as avian influenza in poultry
or mastitis in dairy cows which can devastate operations. Feed price volatility, fluctuating market prices, and
climate-related stress further complicate management. To mitigate these risks, modern enterprises rely
increasingly on precision livestock farming (PLF), which integrates sensors, machine learning, and
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automation to monitor animal health, environment, and productivity in real time. For example, wearable
devices on cows can track rumination and body temperature to predict illness before clinical symptoms appear.

Sustainability has emerged as a defining principle in modern livestock production. With livestock
accounting for nearly 14.5% of global greenhouse gas emissions, balancing productivity with environmental
stewardship is essential. Circular economy models, where manure becomes fertilizer or biogas feedstock-help
close resource loops. Also, livestock enterprises embody a microcosm of broader agricultural sustainability,
reflecting the delicate interplay between ecology, economy, and ethics.

2. Global Trends and Statistics in Livestock, Dairy and Poultry

The global livestock industry has witnessed exponential growth over the past five decades, driven by
rising populations, urbanization, and income growth. Meat consumption per capita has more than doubled
since 1960, and milk consumption continues to rise steadily, particularly in developing countries. According
to the FAO (2023), global milk production reached approximately 930 million tonnes, while poultry meat
exceeded 137 million tonnes, making it 2025-2034 estimate poultry will account for over 60% of additional
meat consumption by 2034, underscoring its dominance in the global protein landscape.

Regionally, production dynamics vary significantly. Asia-led by India and China-has become the
powerhouse of dairy and poultry growth. India, for instance, produced around 239.3 million tonnes of milk
and 142.77 billion eggs in 2023-24, solidifying its position as the world’s largest milk producer and third
largest egg producers. In contrast, North America and Europe exhibit high per-animal productivity and
efficiency due to advanced genetics, mechanization, and organized supply chains. The EU alone produced
approximately 13.3 million tonnes of poultry meat in 2023, while the United States exported nearly 15% of
its total poultry output.

Global Milk and Poultry Meat Production Trends (2000-2024)

Slobal Mik Froduction (million tonnes)
1000 siobal Poutry Meat Froducinn {milian tonnes)

80O

The structure of livestock
production is undergoing
consolidation. The 2022 U.S. Census
of Agriculture revealed a continued
decline in the number of dairy farms,
2008 0 2010 i o3 .| Offset by increased herd sizes and

Yem concentration of production in fewer,
larger enterprises. This pattern reflects economies of scale but raises concerns about market power and rural
employment. Similarly, in India, the 20th Livestock Census (2019) reported that while backyard poultry
increased by 45%, commercial poultry rose only 4.5%, highlighting both smallholder resilience and the
growing duality in production systems.

Production (million lonnes)

However, growth brings challenges. Avian influenza (H5N1) outbreaks from 2020-2025 have
demonstrated the vulnerability of high-density poultry systems, with spillover to dairy cattle and humans.
Disease-related losses not only impact production but also disrupt trade, highlighting the importance of global
biosecurity networks. Additionally, climate change amplifies production risks-heat stress reduces dairy yields,
while extreme weather disrupts feed supply chains. On the environmental front, dairy and poultry are under
scrutiny for emissions, water use, and nutrient runoff. Notably, recent satellite-based studies in Canada
revealed a 62% reduction in dairy-related methane anomalies from 2019-2024, signaling early success in
mitigation technologies.

Despite these challenges, innovation remains strong. Global investment in animal feed technology,
genetics, and precision agriculture continues to rise, with the animal feed market valued at over US$500 billion
in 2023. Such investments, combined with rising consumer demand for sustainable animal products, will
continue shaping the future of livestock enterprises.
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3. Dairy Enterprises: Concepts, Practices and Challenges

Dairy farming, one of humanity’s oldest agricultural practices, has evolved into a science-driven
enterprise that blends biology, engineering, and data. Modern dairy systems range from subsistence-level
operations with a few local cows to large-scale industrial farms housing thousands of high-yielding Holsteins.
Across systems, the goal remains the same: to produce high-quality milk efficiently, sustainably, and
profitably.

Top Milk-Producing Countries (2023)

Central to dairy enterprise success
are genetics, nutrition, reproduction, and
herd health management. The genetic
revolution in  dairy breeding has
dramatically improved milk yield and
composition. Artificial insemination and
genomic selection allow breeders to choose
sires with superior traits for milk volume,
butterfat content, and disease resistance.
Nutrition, accounting for over 60% of
production cost, is optimized through
balanced rations that combine forages, concentrates, and mineral supplements. Precision feeding technologies
use sensors and algorithms to tailor feed to each cow’s lactation stage, minimizing waste and maximizing
efficiency.
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Animal welfare and comfort directly affect productivity. Cows exposed to heat stress can lose up to
30% of their milk yield, prompting innovations like ventilated barns, misting systems, and smart cooling.
Robotic milking systems now allow cows to choose their milking times, reducing stress and labor dependency.
Health management has also shifted from reactive to proactive. Continuous monitoring of body temperature,
activity, and rumination helps detect diseases such as mastitis or ketosis early. Preventive vaccination
programs and biosecurity measures are indispensable in maintaining herd health, especially in large
operations.

Environmental concerns are perhaps the greatest modern challenge for dairy. The sector contributes
approximately 4% of global greenhouse gas emissions, primarily through methane from enteric fermentation.
However, technological solutions such as feed additives like 3-NOP and seaweed extracts can reduce methane
by up to 30%. Manure-to-biogas systems are also gaining traction, converting waste into renewable energy
while reducing pollution. Recent satellite analyses over Canadian dairy regions show a measurable decline in
methane anomalies, reflecting the tangible benefits of such interventions. Overall, the future of dairy lies in
adopting precision management, circular resource use, and strong data-driven decision support to achieve
sustainability without compromising productivity.

Table 1. Comparison between Dairy and Poultry enterprise

Dimension Dairy Poultry

Production cycle Long (lactation months, | Very short (weeks for broilers, ~1
reproduction cycles) year for layers)

Capital intensity High (housing, milking | Moderate to high (housing,
equipment) environmental control)

Feed efficiency Moderate (lower than | High (especially broilers)
monogastrics)

Risk exposure Reproductive, metabolic | Disease outbreaks (especially

diseases, climate stress

avian influenza), mortality

Market volatility Milk price fluctuations, input | Meat/egg price volatility,
cost risks biosecurity risks
Scale economies Advantageous (larger herds) Strong advantage to large,
integrated systems
Environmental Higher methane per unit | Lower per kg output, but
impact per unit product cumulative scale matters

4. Poultry Enterprises: Structure, Management and Innovation
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Poultry farming has transformed from a backyard activity into one of the world’s most industrialized
and rapidly expanding livestock sectors. It provides an affordable and efficient source of animal protein
through meat and eggs, making it crucial to global nutrition and food security. According to the FAO (2024),
poultry meat now accounts for over 40% of total global meat production, with per capita consumption growing
fastest among all animal proteins. The success of poultry enterprises is rooted in their biological efficiency
birds convert feed to meat or eggs far more effectively than ruminants. Modern broilers can achieve market
weight (2.5-3 kg) in just 35-42 days, with feed conversion ratios as low as 1.5:1, while commercial layer hens
can produce up to 320 eggs per year. These achievements are the product of decades of research in genetics,
nutrition, and husbandry practices.

Poultry enterprises can be broadly classified into broiler (meat), layer (egg), and breeder operations,
each requiring specialized management. Broiler farms emphasize growth rate and carcass yield, while layer
farms focus on consistent egg production, shell quality, and feed efficiency. Breeder farms, which supply
fertilized eggs to hatcheries, form the genetic backbone of the entire industry. Production systems also vary
geographically and socio-economically-from backyard or semi-intensive flocks in rural areas to large,
vertically integrated operations that control every stage from hatchery to processing. Contract farming models
have become dominant in many countries such as the United States, Brazil, and India, where large integrators
provide chicks, feed, and veterinary services, and growers supply housing and labor. This system minimizes
market risk for small farmers while ensuring quality and uniformity for processors. The success of poultry
production depends on precise management of nutrition, environment, and health. Feed, representing up to
70% of production costs, is carefully formulated to meet the energy and amino acid needs of different growth
stages. Modern feed mills employ computer-aided formulation using ingredients like maize, soybean meal,
fishmeal, and synthetic amino acids to ensure nutrient balance. Temperature and ventilation control is another
critical component. Broilers and layers thrive within narrow thermal comfort ranges (18-28 °C), and
deviations can reduce growth, egg output, or even cause mortality. Consequently, controlled-environment
housing with automated ventilation, lighting, and feeding systems has become standard in commercial
enterprises.

Global Meat Production Share by Type (2024)

Beet However, poultry farming faces significant challenges

ok foremost among them being disease outbreaks. The highly
o s pathogenic avian influenza (H5N1) outbreak from 2020-
o 2025 demonstrated how rapidly diseases can devastate flocks

and spread across species, with cases detected in dairy cattle
and even humans. Biosecurity has thus become a non-
alow “* | negotiable pillar of poultry management, involving strict
entry protocols, disinfection, vaccination, and surveillance.
The industry is also under pressure to reduce antibiotic use
due to rising concerns about antimicrobial resistance. This
has led to the exploration of alternatives such as probiotics,

Poultry

phytogenic additives, and vaccines.

Technological innovation continues to redefine the poultry sector. Precision poultry farming (PPF)
employs sensors, computer vision, and artificial intelligence to monitor temperature, air quality, bird weight,
and behavior in real time. Early detection systems can flag disease onset or welfare issues long before visible
symptoms appear. Automation extends to robotic egg collection, manure removal, and feeding systems,
reducing labor dependency and improving hygiene. Environmental sustainability has also entered the
spotlight-ammonia and particulate emissions are being mitigated through improved litter management,
biofilters, and circular economy approaches like using poultry waste for biogas or organic fertilizer.

5. Future Directions in Livestock Enterprises

The livestock industry is entering an era of profound transformation driven by sustainability
imperatives, technological advancement, and shifting consumer preferences. The future of dairy and poultry
enterprises will depend on balancing productivity with ecological integrity and social responsibility.
Precision and digitalization will be central to livestock management. The integration of Internet of Things
(IoT) devices, artificial intelligence (Al), and data analytics allows real-time monitoring of animal health, feed
intake, and environmental conditions. In dairy farms, sensor-based collars and automated milking robots
already enable early disease detection, optimizing herd performance. In poultry, smart barns equipped with
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thermal cameras and acoustic sensors can monitor flock welfare and detect respiratory infections or distress
sounds within minutes. The Livestock Event Information (LEI) data standard proposed in recent research aims
to harmonize animal data across platforms, enabling traceability and interoperability.

Sustainability and climate adaptation will increasingly dictate enterprise viability. The livestock
sector faces mounting pressure to cut greenhouse gas emissions, with governments and corporations pledging
carbon neutrality by mid-century. Dairy farms are experimenting with methane inhibitors and manure-to-
biogas conversion, while poultry farms are adopting circular economy models that convert litter into organic
fertilizer or bioenergy. Climate-resilient breeds and heat mitigation technologies will become indispensable,
especially in tropical regions. Precision nutrition optimizing feed formulation to reduce nitrogen and
phosphorus excretion will also play a key role in reducing environmental impacts.

Furthermore, alternative proteins and innovation ecosystems are influencing livestock trajectories.
While plant-based and cultured meats are gaining attention, they are unlikely to displace traditional livestock
in the near term. Instead, hybrid systems combining conventional production with sustainability metrics will
dominate. Governments and international organizations are promoting research on feed alternatives like insect
meal, algae, and single-cell proteins, which can reduce dependency on soybean imports and mitigate
deforestation.

The future livestock sector will likely be characterized by integration biological, digital, and
economic. Mixed crop-livestock systems that recycle nutrients, utilize renewable energy, and maintain
biodiversity will thrive. In parallel, digital platforms will connect farmers to markets, financial services, and
extension support, democratizing access to information. For instance, mobile-based advisory services in India
already help smallholder dairy farmers optimize rations and monitor animal health, while cloud-based
analytics in Europe enable predictive disease modeling.

In essence, the livestock enterprises of the future will not only produce food but also deliver
environmental services, energy, and social resilience. The convergence of technology, sustainability, and
ethical awareness promises a more intelligent and inclusive livestock economy.

8. Conclusion

Livestock enterprises particularly dairy and poultry are emblematic of both the achievements and
challenges of modern agriculture. They provide vital nutrition, livelihoods, and economic stability to billions,
yet they also sit at the nexus of global concerns about climate, ethics, and sustainability. Over the decades,
technological innovation has revolutionized both sectors: dairy farms now use robotics, sensors, and genomic
selection, while poultry farms operate as precision-controlled biotechnological systems. These advances have
yielded unprecedented productivity gains but also necessitate careful stewardship to ensure equity and
environmental integrity.

Dairy enterprises exemplify the art of balancing biology with technology. From genetic improvement
to methane reduction, the sector’s transformation reflects a deep integration of science and management.
Poultry, meanwhile, demonstrates how efficiency, scalability, and innovation can meet global protein demands
with remarkable agility. Yet, both sectors must confront existential questions: how to produce more with less,
how to ensure welfare in highly industrialized systems, and how to coexist with emerging alternatives in a
carbon-conscious world.

The path forward requires reimagining livestock not merely as producers of food but as partners in
sustainable ecosystems. Integrating livestock with cropping systems, valorizing waste, adopting renewable
energy, and applying precision data tools can turn potential liabilities into opportunities. Smallholder inclusion
remains critical empowering them with technology, market access, and education ensures that the benefits of
innovation are equitably distributed.

Ultimately, the world of livestock enterprises embodies the broader human struggle to harmonize
productivity, ethics, and sustainability. Whether in the gentle rhythm of dairy cows or the rapid cycles of
poultry flocks, each enterprise tells a story of adaptation and ambition. As agriculture moves toward a smarter,
more circular future, dairy and poultry will continue to stand as pillars of nourishment, innovation, and
resilience sustaining both humanity and the planet that feeds it.
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12.3. A. Apiculture

Apiculture of bee-keeping is the art of caring for and manipulating colonies of honeybee large
quantity, over and above their own requirement.

History of beekeeping

Development of modern beekeeping has its origin between 1500 and 1851 and the discovery of the
principle of bee space in 1851 by L. L. Langstroth in USA resulted in first truly movable frame hive. This bee
space was 9.5 mm for Apis mellifera. In south India, Rev. Newton during 1911-1917 trained several
beekeepers and devised a hive for indigenous bee Apis cerana based on principle of bee space (which was
named after his name as “Newton hive”).

Different Species of Honey Bees
There are five well known species of true honey bees (belonging to genus Apis) in the world:
o Rock bee, Apisdorsata F.

e Little bee, A. florea F.
e Indian bee, A. cerana F.
e European/ Italian bee, A. mellifera L.

e Stingless bee/ Dammer bee, Melipona sp., Trigona sp.

Indian Bee- Apis indica Stingless Bee- Melipona irridipenis

Every honey bee colony comprises of three castes i.e., a single queen- fertile, functional female; a few
hundred drones: male insect; several thousand worker castes of honey bees: worker is a sterile female. In
addition, each colony has different developmental stages viz eggs, larvae and pupae which are collectively
known as brood.
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Queen: One queen in a colony which lay eggs in a colony and is the mother of all bees. It lays upto 2000 eggs
per day in Apis mellifera. She lives for 3 years.

Workers are imperfect females. Duties of workers include: Cleaning of the hive, feeding of larvae, raising
queen cells when required, ventilate hive, guard the hive entrances, secrete bees wax, construct the combs,
collect the nectar and convert it into honey, collection of pollen, water and propolis, produce a predigested
food of royal jelly for feeding queens and young larvae and scouting or a new nest site during swarming and
has average life of only 40-50 days.

Drone: The sole function of a drone is to mate once which costs him his life. Maximum life of drone honey
bee in summer is 59 days.

Development: The developmental stages of honey bees are: egg, larva, pupa and the adult.

Duration of life stages of different castes of honey bee varies which is given in the below table.
Table 1: Different castes of honey bee

Caste Egg period (days) Larval Stage(days) Pupal Stage (days)

A. cerana |A. melliferal A. cerana | A. mellifera | A. cerana A. mellifera
Queen 3 3 5 5 7-8 8
Worker 3 3 4-5 5 11-12 12-13
Drone 3 3 7 7 14 14

Dances of Honey Bees

Round dance: This type of dance is performed if food source is nearby (within100 metres in case of A.
mellifera and 10 metres in A. cerana).

Wag-tail dance: This dance is performed when the distance of food source is more than 100 metres from the
hive.

Robbing: Robbing is stealing of food store by bees from other colonies.

Absconding: It is desertion in which the whole colony leaves the hive. A. cerana is more prone to absconding
than A. mellifera.

Enemies of Honey Bees

Predatory wasps: Vespa velutina (V. auraria) - Nests on tree tops/buildings; Vespa magnifica-Under-ground
nest; Vespa tropica (V. cincta) Underground nest.

Wax moth: Two species of wax moth, Greater wax moth (Galleria mellonella) and Lesser wax moth
(Achroia grisella).

Ectoparasitic mites: Varroa destructor and Tropilaelap sclareae:

Bee louse, Braulacoeca: Wingless fly found on thorax of bee and feeds by coming near mouth close to
opening of salivary glands and take the available nourishment. It is not a serious pest.

Bird, bee eater, Meropsorientalis and king crow, Dicrurus sp. eat bees while they are flying.

Diseases of Honey Bees
Bacterial diseases: American and European Foul Brood diseases
Viral Diseases: Sac Brood/Thai sac Brood

Protozoan disease: Nosema disease Nosema apis
Acarine disease: Acarapis woodi (Endoparasitic mite)

Table 2: Economics of Bee Keeping

S. No Details of Items Amount in Rs./-
1 Cost of 10 number of beehives per box 2000x80= 1,60,000
2 Cost of 80 bee box 80x400= 32,000
3 Cost of Apiery equipments 8,000
4 Cost of honey unit and uncapping tray 15.500
5 Bee wax sheetl kg 400

Table 3: Economics of Honey production and returns
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S.No Details of Items Amount in Rs./-
1 Honey production 80 Rs.x40kg 3200Rs/Box
1 For 80 boxes=80x3200 2,56,000
3 Labour (skilled) cost 5000x12 60,000
4 Unskilled labour cost 3500x12 42,000
5 Migration charges 20,000
6 Feed charges annual 10,000
7 Total 1,32,000*1
8 New 25 boxx700 each 17,500
9 Net profit 1,49,500*2

*1 Total of 60,000+42,000+20,000+10,000=1,32,000
*2 Total of 1,32,000+17,500=1,49,500

Return expenses = Honey Production-Net profit
272000-149500=1, 22,500 Rs/-

Bee’s increase (25%x1800) = 45,000 Rs/-

Net profit annual =1, 67,500 Rs.

Ref: Veer S, Jitender N. Economics and Importance of Beekeeping. Biomed J Sci & Tech
Res 1(7)-2017.

Bees help in pollinating crops, which increases fruit and seed production, thus improving
both yield and quality of agricultural produce.

12.3. B. Lac Culture

Lac is a natural resin of animal origin. It is secreted by an insect, known as lac- insect. In order to
obtain lac, these insects are cultured and the technique is called lac-culture.

Lac insect belongs Laccifer of superfamily Coccoidea of order Hemiptera.

Lac culture in China probably dates back to 4000 years and they use lac for dyeing silk and leather
goods. India produces about 65% of the world’s total output.

Bihar and Jharkhand account for 40% of India’s total production lac.

HOSTS: Plants such as Zizyphus mauritiana, Butea monosperma, Butea monosperma, Schleichera oleosa,
Acacia Arabica, A. catechu, Cajanus cajan, Ficus benghalensis, F. cunia, and F. religiosa are common hosts
of'the lac insect Laccifer (= Tachardia) lacca.

Lac Cultivation

Lac culture involves two important steps: 1. Inoculation and 2. Cropping

Inoculation can be carried out through artificial infection of tender branches by brood lac stick
obtained from mature lac trees immediately after harvesting.

In this process, the brood lac sticks are tied in bundles of 2 or 3 sticks on the branches of the host
tree, allowing maximum contact with the branches.

There are four seasons of lac cultivation and according to the Hindi calendar, they have been named
as Kartiki, Aghani, Baisakhi, and Jethwi.

The crop period, from inoculation to harvesting, for Kartiki, ranges from July to November, for
Aghani, from July to February, Baisakhi, from November to July, and Jethwi, from February to July.
When young shoots come up on branches, the brood sticks are tied adjacent to the growing tender
branches in a way so that maximum contact between shoots takes place.

Within a week or two the larvae emerge and settle down on tender shoots.
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Lac Secretion:

e Lac is a resinous substance secreted by certain glands present in the abdomen of the lac insects.

The secretion of lac begins immediately after the larval settlement on the new and tender shoots.

This secretion appears first as a shining layer which soon gets hardened after coming in contact
with air.

This makes a coating around the insect and the twig on which it is residing.

As the secretion continues the coating around one insect meet and fuses completely with
the coating of another insect.

® In this way a continuous or semi-continuous incrustation of lac is formed on the tender shoots.

Fig: Lac incrustation

Processing of Lac

e Lac encrustations are removed from the twigs of host plants by scraping.
e The raw lac thus obtained is known a scraped lac or stick lac.
e Stick lac is crushed into small grains, sieved, washed with mild alkaline water and dried.

e This semi-refined product, called seed lac or grain lac or Chowrie, which is further refined by a
system of hot melting, filtration and stretching into thin sheet which are subsequently broken into
brittle flakes called shellac.

e Alternatively the purified lac resin can be in the form of circular discs called button lac.

e The normally amber coloured resin can also be bleached with sodium hypochlorite to obtain
bleached lac, which is white in colour.

e India is the principal lac producing country of the world, producing approximately 18000 metric
tons of raw lac annually. About 85% of the country’s production is exported to various countries.

e The USA, Germany and Egypt are some of the major lac importing countries of the world.

Uses of Lac

e Lac resin is used in food processing industry; cosmetics and toiletries industry; varnish and printing
industry; coating of fruits and vegetables; electrical industry; leather industry; adhesive industry;
pharmaceutical industry; perfumery industry; miscellaneous applications.

e Lac dye (erythrolaccin) has been used in India as a skin cosmetic and dye for wool and silk. In china
it is a traditional dye foe leather goods. The use of lac for de has been supplanted by synthetic dyes.
It is used in medicine to protect liver and to fight obesity.

e Lac is used in food, confectionery and beverages industry and textile industry.

e Lac wax is used in polishes for shoe, floor, car polishes etc. it is used in electric insulations,
lamination of papers, hat p§%)0ﬁng and coating of pictures and fossils.

e Lac is used for manufacture of tailors chalks, crayons, bottle sealers, lipsticks, enamels, printing
inks, gramophone records and in fireworks.

Natural Enemies of Lac Insects

Two moth predators: 1. Eublemma amabilis: The larva is dirty white in colour and tunnels through
the lac encrustation and feeds on larvae and adults. It pupates within the tunnel and adults after emerging lay
their eggs near the lac encrustation. 2. Holcocera pulverea: The damage by the brownish larva is similar to
the above species. Pupa is lightly bigger and yellowish-brown.
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12.3. C. Sericulture

Man is always inquisitive for silk products. Silk — Queen of Textiles, spells luxury, elegance, class and
comfort. Mankind has always loved this shimmering fibre of unparalled grandeur.

Chemically speaking, silk is made of proteins secreted in the fluid state by a caterpillar, popularly
known as ‘silkworm’. These silkworms feed on the selected food plants and spin cocoons as a ‘protective
shell’ to perpetuate the life. Silkworm has four stages in its life cycle viz., egg, caterpillar (larva), pupa and
moth. Man interferes this life cycle at the cocoon stage to obtain the silk, a continuous filament of commercial
importance, used in weaving of the dream fabric.

The main producers of silk in the world are China and India, followed by Japan, Brazil and Korea.
India is the second largest producer of silk and also the largest consumer of silk in the world. In India, mulberry
silk is produced mainly in the states of Karnataka, Andhra Pradesh, Tamilnadu, Jammu & Kashmir and West
Bengal, while non-mulberry silks are produced in Jharkhand, Chhattisgarh, Odisha and north-eastern states.

Types of Silk
There are five major types of silk of commercial importance, obtained from different species of

silkworms which in turn feed on a number of food plants. These are: Mulberry silk, Oak Tasar silk & Tropical
Tasar silk, Muga silk and Eri silk.

SL Name of . Production
No. the Silk Silkworm Food plants (States)
1 Mulberry Bombyx Mulberry Karnataka, AP,
silk mori (Morus alba, M indica) Tamilnadu, West Bengal, J&K
. . Central India — Jharkhand,
| e | At | s (ermnalia omenios) | 4G MG, A, M
y Jun (1. afju WB, Bihar
A. proylei Oak (Querscus incana, Q. Sub-Himalayan region - J&K,
3 Oak tasar serrata) HP, Uttarakhand
4 Muga silk Antheraca Som (Maghﬂus bombycina) NE India - Assam
assama Soalu (Litsea polyantha)
5 Eri silk Ph119§am1a Casjcor (Rlclngs communis), NE India and AP
ricini Tapioca (Manihot esculenta)

Except mulberry, other non-mulberry varieties of silks are generally termed as ‘Vanya’ silks. India
has the unique distinction of producing all these commercial varieties of silks.

Mulberry Production

Mulberry is a hardy perennial crop capable of thriving under diverse agro- climatic conditions. It
responds very well to application of irrigation, manures and fertilizers. It takes one year for the establishment
and full yield is realized usually in the second year onwards. Sustained leaf yield is possible for the next 15
years provided the package of practices for its proper establishment and subsequent maintenance is followed.
Mulberry has the potential to yield 35 — 60 MT of leaf per hectare per year depending upon the variety, climatic
conditions and agronomic inputs.

System of Planting

There are two systems of planting under irrigated conditions viz., i) the row system and ii) pit system.
In the row system the rows are 60 cm apart and the cuttings or saplings are planted at a distance of 30 cm. In
the pit system the rows are 60 cm apart and the cuttings or saplings are planted at a distance of 60 cm (27778
plants/ha). The other spacings followed are 90 x 90 cm (12346 plants/ha), paired row system of (90+150) x
60 cm (13888 plants/ha).
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Kolar system: Under the Kolar system of planting, rides and furrows are made at a distance of 30 to
45 cm. On either side of the ridges mulberry is planted at a distance of 10 — 15 cm between plants along the
row in a dense planting. Shoot harvest is done for silkworm rearing.

Mulberry Varieties

Production of good quality leaf and sustained leaf yield mainly depends on the variety, package of
practices and plant protection measures. Through the research and development efforts of the central and state
institutions, a number of varieties suited to diverse agro climatic conditions have been evolved.

Presently in South India the varieties suited for irrigated tracts are V-1, Kanva-2 (also known as M-
5), S-36, S-13, S-34, MR-2, G2 and G4. Mulberry varieties suitable for Eastern India are S-1, S-1635 and for
north India are Chinese white and S-146 (Majra).

Soil Type

Mulberry can be cultivated in a wide range of soil types like red loamy soil, alluvial soil and black
soil. It being a deep-rooted perennial plant, the soil should be porous for better aeration and movement of
water to the root zone. Soil should be deep, fertile, and porous with good drainage and water holding capacity.
Loamy, clayey loam or sandy loam soils are suitable for mulberry cultivation. Soils should be slightly acidic
with the pH range from 6.2 to 6.8. Mulberry can tolerate a pH range of 5.5 to 9.0. Alkaline soils are amended
with application of gypsum or raising of green manure crops. Acidic soils should be amended with lime.

Soil is a natural media for the growth of plants consisting of minerals, organic matter, essential
nutrients and water, apart from providing mechanical support to the plants. Plants need 16 elements for their
growth and completion of life cycle. They are Carbon, Hydrogen, Oxygen, Nitrogen, Phosphorus, Potassium,
Calcium, Magnesium, Sulphur, Iron, Zinc, Copper, Manganese, Boron, molybdenum and chlorine.

Soil testing is required to determine the soil reaction, Electrical Conductivity, Organic carbon,
nutrient status and nutrient supplying power of the soil. To know the correct application of manures and
fertilizers to soils, soil testing has to be done. The favourable pH range of a soil is 6.5 — 7.0, EC is <1.00,
Organic carbon is 0.65 — 1.00 %.

Planting Material

High yielding mulberry variety recommended for each agroclimatic region should be chosen for
planting. Either cuttings from 6-8 months old shoot or 3-4 months old saplings can be used as planting material
to establish the mulberry plantation. When cuttings are used as planting material, they should be 15-18 cm in
length, 1-1.5 cm diameter with 3-4 healthy buds.

Bush Plantation
i) Preparation of Land

Before the onset of monsoon, land is ploughed to a depth of 40 ¢cm using disc plough followed by
mould board plough and finally with cultivator to bring the soil to a fine tilth and free of weeds. The land is
then levelled. Farm yard manure is applied at the rate of 25 MT per hectare and thoroughly incorporated in to
the soil. Land can be divided into plots of convenient size suited for mechanization.

ii) Plantation

Mulberry planting work is ideally taken up during rainy season for better establishment of mulberry
garden. In the 60 x 60 cm planting system, ridges and furrows are made alternately at a distance of 60 cm. if
cuttings are used as planting material, they are planted along the margin of ridges, two cuttings per spot.
Cuttings should be inserted into the soil leaving just one bud on the top. Soil around each cutting should be
pressed well to keep it firmly in the soil. If plantation is by saplings then one sapling is planted in each spot
along the ridges. Planting of saplings is more appropriate for better establishment of plants.

Pit system of planting is ideal when spacing of 90 x 90 cm or (90 + 150) x 60 cm is adopted. For this
purpose, pits of 35 x 35 35 cmare dug and then filled with a mixture of farm yard manure and soil (1:2 ratio).
In pit system of planting, 3 cuttings are planted per pit with a spacing of 15 cm between cuttings in a triangular
form. When saplings are used as planting material, one sapling per pit is planted. If saplings are planted, they
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have to be pruned at a height of 10-15 cm above ground levelusing a secateur within 3-4 days of planting for
uniform sprouting and establishment. When the cuttings or saplings fail to sprout within 3 weeks they are to
be replaced immediately to ensure optimum plant density and to avoid gaps.

iii) Care during the establishment Period

During the establishment period of the plantation raised from saplings or cuttings, irrigation should
be provided at a regular interval of 7-10 days depending on the soil condition. Weeding is carried out manually
after two months of planting. When the plantation is 3 months old, the first dose of chemical fertilizer is
applied at the rate of 50:50:50 kg NPK/ha. First leaf/shoot harvest is done six months after plantation. The
second weeding is completed after the leaf harvest and second dose of fertilizer (50 kg Nitrogen) is applied
within 3 weeks of leaf harvest. Further, two more leaf/shoot harvests can be taken at an interval of 3 months
in the first year. After the third shoot harvest, when the plants are around one year old, bottom pruning is done
at a height of 20 cm above the ground level.

In wider spacing mechanized intercultivation operation using power tiller/tractor can be done.
iv) Maintenance of irrigated Mulberry Garden (Second Year onwards)

Package of practices for the maintenance of mulberry garden involves irrigation at regular intervals,
weeding and intercultural operations after every leaf/shoot harvest, application of recommended doses of
manures and fertilizers.

Irrigation: Irrigation is an important input in mulberry cultivation as it helps in dissolving the nutrients
(manures and fertilizers) facilitating its proper uptake in mulberry plants. In sandy loam soils irrigation has to
be carried out at 7 — 8 day intervals. In clayey loam soils irrigation has to be done at 10 — 12 day intervals.

Mulberry requires 3.75-hectare cm of irrigation water (85 gallons). If there is a constraint in the availability
of irrigation water, water saving measures such as drip system of irrigation can be followed to save 30% Oof
water as compared to furrow irrigation.

v. Manures and Fertilizers: Mulberry garden is maintained over a period of 15-20 years to utilize the leaves
for silkworm rearing. So the plants are pruned and the leaves harvested 5 times in a year resulting in the
removal of huge quantities of leaves and branches. This in turn, remove great amount of nutrients from the
soils, which need to be replenished from time to time by the application of manures and fertilizers. Thus farm
yard manure @ 25 MT/ha/year for irrigated mulberry garden following bottom pruning when first monsoon
showers are received.

Chemical fertilizers are applied in 5 split doses corresponding to the 5 leaf/shoot harvests. The fertilizers are
applied within 3 weeks of the last leaf/shoot harvest. Fertilizers are applied in furrows 5-8 cm deep and
covered with soil to minimize loss due to volatilization. Irrigation should be given immediately after fertilizer
application. Recommended fertilizer for shoot harvest system is 350:140:140 NPK kg/ha/ year is applied in 5
equal splits (28:11.2:11.2 NPK kg/acre/crop).

vi. Intercultural Operations: Intercultural operations are carried out after each leaf harvest and pruning. Its
purpose is to loosen the soil for better aeration thus facilitating better root growth, removal of weeds, clearing
and deepening of irrigation channels. The drudgery involved in digging and weeding operations can be
minimized by mechanization of intercultural operations using power tiller or tractor drawn attachments.

vii. Harvesting of Leaf and Shoot: Leaf picking: Leaves for silkworm rearing are to be harvested in the early
hours of morning as they have more moisture. If leaves are harvested in the afternoon, they wither more
quickly and are not suitable for silkworm rearing. Leaves along with the petioles are usually picked from
primary branches. The leaves after harvest should be covered with gunny cloth. Leaves are harvested 45 days
after pruning and continued for the next 8 days to feed silkworms up to 2nd moult (chawki rearing).

Shoot harvest: In this method the branches are cut at fist level (20 cm above ground level) and the entire shoot
is fed to silkworms after 2nd moult. Shoots are harvested at an interval of 70 days and thus 5 harvests (crops)
can be made in a year. The advantage of shoot harvest is a) the leaves remain attached to the stem and stay
fresh over a long period facilitating prolonged feeding by silkworms, b) labor saving up to 70% as compared
to leaf picking method. The average leaf yield is around 40- 60 MT/ha/year.

Mulberry Pests and Diseases Management
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Mulberry is fast growing plant and produced leaf is highly nutritious and naturally attracts many pests and
diseases. Feeding of leaves from infected plants to the silkworms adversely affects their growth and health
resulting in decreased cocoon yield.

Mulberry Diseases:
i. Powdery Mildew: Caused by Phyllactenia corylea

Symptoms: White or ash coloured powdery patches on lower surface of leaves, concomitant with chlorosis or
yellowing on upper surface. Occurs in rainy and winter seasons

Control: Spraying of 0.1% Carbendazim 50% WP (Bavistin) or Hexaconozole 5% SC (Contaf plus) 1 ml/liter
of water and avoid close plantation

Safety Period: two weeks
ii. Brown Leaf Spot: caused by Psuedocercospora mori

Symptoms: Small necrotic spots on both the leaf surfaces and later coalesce together to form larger spots/
formation of shot holes. Occurs during September to October months and favourable conditions are 20-300C
temperature with about 80% RH.

Control: Spraying of 0.1% Carbendazim 50% WP (Bavistin) or Hexaconozole 5% SC (Contaf plus) 1 ml/liter
of water and avoid close plantation.

Safety Period: two weeks
iii. Bacterial Leaf Spot: caused by Psuedomonas mori

Symptoms: Lesions initially consists of small, irregular, water soaked spots on the under surface of leaves.
Later, they enlarge and become dark brown to black necrotic lesions. Occurs during June to December months

Control: Spray 250 ppm streptocyclin sulphate and Tetracyclin hydrochloride (streptomycin) 1 ml/ litre of
water.

Safety Period: 10 days

iv. Root Rot Disease: caused by Fusarium solani
Symptoms: Sudden wilting and withering of leaves and decay of roots. Occurs during all seasons.

Control: Uproot and burn the infected plants. Apply 5-10 gm Dithane M - 45 around the root zone or Saaf
(Carbendazim 12% + Mancozeb 63%) 2g/litre (5-10 litre solution/ plant) or Mr.Pro, bioformulation @ 5g or
5 ml /litre (5-10 litre solution/plant)

Safety Period: 10 days
v. Root Knot Disease: caused by Meloidogyne incognita
Symptoms: poor growth of plants, little leaf and galls/knots on the roots.

Control: apply 400 kg neem oil cake/acre/year in 4 split doses or apply Furadon granules @ 40 kg/ ha or
Velam prime (Fluopyrum 35% SC) 1 ml/litre

Safety Period: 15— 30
Mulberry Pests:
i. Tukra Disease (Mealy Bug) caused by Maconellicoccus hirsutus

Symptoms: Malformation of apical tips, wrinkled, dark green leaves, poor growth. Occurs during all seasons,
severe in summer months
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Control: Spraying of Dominant (Dinotefuran 20% SG) @ 0.25 g/litre or Rogor (Dimethoate 30% EC) @ 2
ml/litre. Release of biocontrol agents — Cryptolaemus montrouzieri @ 250 adults/acre or Scymnus coccivora
@ 500 adults /acre. Clipping of infected shoots manually and burn.

Safety Period: 20 days
ii. Thrips: caused by Psuedodendro thrips mori

Symptoms: Adults and immature forms suck the sap from tender leaves and dries. Infected leaves becomes
wilt, brittle, malformed and unsuitable for feeding for silkworms. Occurs more in summer months.

Control: Use water sprays to disturb thrips population and Spraying of Dominant (Dinotefuran 20% SG) @
0.25 g/litre or Rogor (Dimethoate 30% EC) @ 2 ml/litre. Release Blaptostethus pallescens @ 1000
adults/acre/week.

Safety Period: 20 days
iii. Broad Mites: caused by Polyphaga tarsonamus

Symptoms: Mites suck sap from leaves, affected leaves curl in show up and growth retarded, small leaves not
suitable for feeding

Control: Spray Kunoich (Cyenopyrafen 30% SC) @ 0.5 ml/L or Magister (Fenazaquin 10% EC) @ 1.5 ml/L
or Sulfex (Wettable sulphur 80% WP) @ 3 g/L. Release Blaptostethus pallescens @ 1000 adults/acre/week.

Safety Period: 5 - 20 days
iv. Leaf Roller: caused by Diaphania pulverulentalis
Symptoms: Tender leaves are rolled and feed on them making yield loss.

Control: Destroying the infected leaves manually. Spray Intrepid (Chlorfenapyr 10% SC) @ 1.5 ml/Litre of
water. Release Trichogramma chilonis (Tricho cards) @ 1 card/acre/week for 4 weeks.

Safety Period: 20 days

Silkworm Rearing
Disinfection and Hygiene followed in Silkworm Rearing

Disinfection and hygiene form an integral part of healthy and successful silkworm rearing. The
incidence of silkworm diseases is greatly influencing the quality and quantity of cocoons. During different
season’s particularly rainy season, an appreciable pathogen load builds up and pathogen spread in the rearing
environment is fast. Improper disinfection and maintenance of unhygienic rearing conditions result in the wide
spread contamination of silkworm diseases like, Grassserie, Flacherie, Muscardine and Pebrine. Now a days,
use of disinfectants has become most essential to check the contamination in the rearing environment and it
is a best preventive measure in sericulture for disease control and successful cocoon crop. The pathogens
from the preceding rearing crop remain in the rearing room, being the source of infection to new crop. The
silkworm diseases are best prevented than cured. There are no curative measures for any of the silkworm
disease as of now and have to be only prevented by proper disinfection and maintenance of hygiene.
Disinfection is the complete destruction of disease causing pathogens.

Methods of Disinfection:

Chemical disinfection method is most effective method. It involves, use of different chemicals/
disinfectants for inactivating/ killing of the pathogens. Best results can be achieved by a combination of
physical methods like sun drying, washing of appliances and chemical methods.

In silkworm rearing, pathogens from previous diseased corpses, silkworm faeces and used
equipments contaminate the rearing house, appliances and surrounding environment. It is therefore, very
important to disinfect the rearing house, appliances and surrounding areas of building before commencement
of the rearing. A broad spectrum general disinfectant should be used for complete killing of pathogens. The
following materials and methods are in practice for disinfection purpose.
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e Bleaching Powder 3%: Take 3 kg of bleaching powder and add 300 gram lime in 97 litre of water. Mix
thoroughly, wait 30 minutes and take top layer and use for spraying.

e Sanitech 2.5%: First take 2.5 litre sanitech and add 5 packets of activator in one basin and wait for 15
minutes. Add it to 97.5 litres of water and then add 500 gram lime, mix thoroughly and use for spraying.
There are number of disinfectants available in the market namely Asthra, Decol and serifit.

Requirement of Disinfectant Solution:

First measure the length and breadth of the rearing house. Standard rearing house measurements are
50 x 20 feet (15m x 6m). Area of the house is 1000 sq.ft or 90 sq.mt. Each square metre requires 2 litres ie 90
x 2 It = 180 litres of any disinfectant solution covers rearing house, verandah, shoot beds etc., and it take care
of more than 12 feet height from the ground level. Disinfection should be done always after 10 AM and before
4 PM and try to avoid disinfection during rainy day or cloudy day.

Maintenance of Hygiene during Silkworm Rearing:

During silkworm rearing, pathogens can enter the rearing rooms through various routes, such as mulberry
leaves, appliances, water, unhygienic rearing condition, wind etc., and contaminate the rearing beds which
leads to occurrence of diseases. Therefore, while settling larvae for each moult dust the slaked lime in thin
layer and oopen the windows for drying the beds. Before resuming first feeding, half an hour before dust any
one of the bed disinfectants like Vijetha, Ankush and Vijetha green @ 6-7 kg /100 DFLs on shoot rearing bed.
Sprinkling of slaked lime + bleaching powder mixture (1:19 ratio) in front of rearing house and door is must.

Silkworm Breeds/ Hybrids:

The improvement of silkworm hybrids for higher cocoon yield is the most direct and efficient way to
achieve good quality raw silk. Accordingly, over the last fifty years, improvement of silkworm breeds has
played a pivotal role in boosting silk production in India in general and southern states in particular. Earlier
bivoltine silkworm hybrids developed are having less silk content, high renditta, low silk quality and
unattractive to both commercial rearers and reelers. Introduction of CSR hybrids has revolutionized Indian
sericulture with the production of superior grade silk (3A — 4A) and attracted many commercial farmers and
reelers.

Multivoltine Cross Breed: Kolar gold

Bivoltine hybrids: CSR2, CSR4, CSR6, CSR16, CSR17, CSR18, CSR19, CSR26, CSR27, CSR2 X CSR4,
CSR16 X CSR17

Bivoltine double hybrid: (CSR2 x CSR27) x (CSR6 X CSR26) this hybrid is more disease tolerant
and stable for seed cocoon rearer and commercial cocoon crops. This double hybrid is highly popularized in
the field and produce international grade silk.

Cocoon production is the core activity of sericulture industry. Quality and quantity of cocoon
production depend on several factors. Among the factors influence the cocoon crop stability, the quality
mulberry leaf accounts for 39% followed by climate (37%), rearing technology (9%), Disinfection & others
(8%, Silkworm breed (4%), and silkworm seed (3%) totaling to 100%. Hene, without quality mulberry leaf
and improved mulberry varieties like V1 & G4, one should not go for bivoltine sericulture.

Egg Transportation:

Eggs (DFL- Disease Free Laying’s) have to be transported from Seed Production Centres the cooler
hours of a day (early morning or late evening), otherwise water content in the egg evaporates and damages
the embryo. During transportation eggs should not be exposed to direct sun light, wind or rain.

Incubation:

Incubation is the process of subjecting the eggs to controlled environmental conditions of
temperature, humidity, light and air current in order to achieve uniform development of embryos, resulting in
uniform hatching on the desired day. Incubation of loose eggs has to be done by using plastic incubation
frames. Normally the standard conditions required are, temperature- 24-250 C, Humidity — 75-80% and good
aeration. The eggs are kept in thin layers and care is taken to see that all parts of the room have the uniform
climatic conditions.
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Brushing, Chawki Rearing or Young Age Silkworm Rearing:

It is the first and crucial operation marking the actual beginning of silkworm rearing and consists of
transferring newly hatched worms to the rearing bed and giving them their first feed. The silkworm starts to
hatch after completion of embryonic development in the early morning and continue up to noon. Transfer of
the newly hatched larvae from eggs on to the rearing bed is called brushing. In 3x2’ plastic tray, 50 DFLs can
be brushed. The egg sheets are distributed in required number per tray before hatching. Then after complete
hatching, put a small nylon net over the egg frame/sheets (generally 50 DFLS). Fresh, tender and succulent
mulberry leaves with 80-85% moisture from a well maintained mulberry garden are collected and chopped to
a convenient size of 0.5 to 1.0 cm2and spread over the hatched larvae on the egg cards/frames. After 30
minutes, when all the worms have crawled on to the leaf, leaves along with the worms are transferred on to
the wax paper on a plastic rearing tray with the help of a soft feather and arranged in the form of a thin bed.
Clean wet foam fads are kept around the rearing bed and covered with another paper to maintain the humidity.
Pile up trays one above the other in the form of a box to conserve leaf moisture for a longer period which
helps in optimum utilization of leaf and this leads to vigorous and healthy growth of larvae.

Silkworm larva is having 5 stages (instars) with 4 moults during its life span. Rearing of young age
silkworms up to Il moult is called ‘chawki rearing” which usually lasts up to 7-8 days. The aim of the chawki
rearing is to get pathogen free young robust larvae. This rearing is carried out under strict sanitation with
nutrient mulberry leaves by providing optimum temperature of 27 — 280 C and relative humidity of 85- 90%.
Chawki worms consume only 6% of total feed but show 400 times increase in body weight, 300 times in body
size and 500 times in silk gland weight, if the conditions are ideal. Thus, in success of chawki rearing, quality
of leaves and maintenance of ideal temperature and humidity plays very significant role. Chawki worms are
to be fed 2-3 times a day with succulent (80% moisture) and freshly chopped leaves. Regulate the bed spacing
and feeding quantity for the healthy growth of the silkworms. Care should be taken for uniform distribution
of the larvae in the bed. 8 trays of size 3°x2’ are required to rear the worms (100 DFLS) up to II moult.

Bed Cleaning:

As the larvae grow, the unconsumed leaves and litter in the bed increases and may cause the
multiplication of pathogen and release of obnoxious gases. Hence, periodic cleaning of the larval bed is
necessary and it is advised to clean the bed once after I and II moult using cleaning nets of 0.5 cm mesh size.

Moulting and its Care:

Under optimum rearing conditions, the worms take 3 to 3.5 days to settle for I moult and 2 to 2.5
days for Il moult. Moulting duration is 18 to 24 hours. When worms start settling for the moult, the top paraffin
paper and wet foam fads are removed and feeding is reduced. The bed thickness is reduced for quicker drying
of left over leaf. When all the worms settle for moult, slaked lime is dusted @ 3-4 gram/sq.ft. Feeding of
leaves is resumed half an hour later after dusting bed disinfectants (Vijetha) @ 3 -4 gram/sq.ft. When more
than 90% of the worms are out of moult.

Chawki Rearing Centres

Rearing of young age silkworms requires technical skill and necessary equipment which are not
available with common farmers. These difficulties could be mitigated to a great extent, if rearing of young
age worms is conducted in Chawki Rearing Centres (CRSc). Rearing of young age larvae in CRC is conducted
by trained technicians in a common place, which is provided with the requisite equipment for maintaining the
optimum temperature (280 C) and humidity (85-90%). Mulberry quality leaf required for the young age
worms is obtained from the well maintained garden. The worms are distributed to the farmers when worms
are settled for II moult.

Chawki worms, reared with care under ideal conditions and technical supervision of experts, tend to
grow vigorous and healthy and give stable crops when shifted to the rearer’s house. This system cut down on
cost and also rearing period at individual farmer’s houses and is proven to have better returns.

Late Age Silkworm Rearing

The rearing of grown up silkworm i.e., from 3rd age to spinning is called as ‘late age rearing’ and is
usually completed in 14 — 16 days. The chawki larvae should be shifted to a late age rearing house during
cooler hours of the day by taking due care from CRCs. Spread the larvae uniformly on the rearing shoot bed
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and feed with succulent mulberry leaves. The adult age (late age) rearing is different from chawki rearing and
requires more protein and crude fibre in mulberry leaf, well ventilated rearing house to drive away poisonous
gases, complete germ free environment, adequate feed & bed space and suitable mountages for spinning. Late
age rearing can be carried on shoot beds and space required for 100 DFLs (50000 larvae) is around 1000
square feet for bivoltine hybrids. When compared to cross breeds (PM x CSR2) larvae, bivoltine hybrid larvae
are healthy & robust and require more space. Silkworms attain significant growth during this stage by
consuming more than 94% of total leaf. Daily 2-3 times leaf feeding should be given. In the final ages there
is always chance of contamination and adequate bed space will minimize the diseases. Late age worms are
more sensitive to high temperature and humidity conditions besides diseases. Temperature range of 24 - 260
C and 60-75% relative humidity are ideal for rearing late age worms. Climatic conditions should be regulated
throughout the year for getting good cocoon crops.

Mulberry leaves should be harvested during cooler hours of the day. During IV age, harvest mulberry
leaves/shoots of 50-55 days old for self/shoot rearing. Always try to feed fresh shoots (moisture >70%).
Harvested mulberry shoots should be preserved by covering with wet gunny cloth so as to retain moisture and
quality. Spray water on gunny cloth periodically to retain moisture especially during summer months. Avoid
feeding of yellow and soiled leaf. Leaf required for rearing 100 DFLs (50000 larvae) late age worms is around
3500 kg shoots. 200 - 250 DFLs per crop can be reared from 1 acre of mulberry garden.

Provide adequate spacing and ensure good ventilation when larvae are preparing for moult. During
moult do not disturb the larvae and maintain temperature of 250 C and humidity of 60-65%. Dust finely
powdered slaked lime uniformly over the larvae @ 4-5gm/sq.ft. to facilitate drying of rearing bed. After
completion of each moult, dust bed disinfectant (vijetha) on worms @ 4-5 gm/sq.ft. and after 30 minutes feed
the worms. Totally 5-6 kg of bed disinfectants are required for 100 DFLs crop.

Shoot rearing rack/stand should have 4-5 tier system with 2 feet gap in between racks, width should
be 5-5.5 feet and length as per requirement. Standard rearing house of size 20 x 50 feet can accommodate 200
- 250 DFLs crop.

Mounting, Spinning and Cocoon Harvesting

At the end of V age ie. on 6th or 7th day, larvae reduce consuming leaf, release wet faccal matter,
shrink in size, body becomes translucent and start crawling in bed with raised head. These are the indications
of the spinning larvae, noticing these, the feeding quantity should be reduced and aeration should be increased.
Once the spinning larvae appear in the bed, pick them by hand and put them on the mountages. Mount the
mature larvae on bamboo or other types of mountages. Collpsible plastic mountages can be kept on shoot
racks directly and these saves labour cost. Temperature of 240C, humidity of 60-65% and good aeration are
ideal for spinning. Therefore, take necessary care during spinning time to get quality cocoons. Harvest cocoons
on the 5th day or 6th day after spinning. Farmers are advised to sort out bad shaped, double, stained and flimsy
cocoons before going to market to get good cocoon price. Average cocoon yield is 60-80 kg/100 DFLs.

Silkworm Diseases and Management

Sericulture would be quite remunerative but for the incidence of diseases, the part of the cocoon crop
or sometimes total crop lost. Since, silkworms are domesticated they are very sensitive and susceptible to
various diseases. The main diseases are Grasserie, Flacherie, Muscardine and Pebrine. The damage ranges
from 10-30% and particularly more in tropical areas due to imperfect disinfection and inclement weather
conditions.

i. Grasserie: The disease is caused by Bm Nuclear Polyhedrosis Virus

Symptoms: shining skin before moult, failure to moult, fragile integument, swollen inter-segmental region,
turbid white haemolymph, larvae hangs upside down from rearing stands/trays, milky white colour
haemolymph oozes out from larvae.

ii. Flacherie: The disease is caused by Strepto coccus & Staphylo coccus bacteria
Symptoms: Loss of appetite, retarded growth, vomiting & liquefied excreta, flaccid larvae with hook shape,

larvae turns into black colour emitting foul smell and quick death.
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iii. Muscardine: The disease is caused by Beauveria bassiana

Symptoms: body looses elasticity, gradually larvae becomes harder and mummifies. Mummification is
observed in larvae, pupae and moths.

iv. Pebrine: The disease is caused by a microsporidian Nosema bomycis

Symptoms:

Non-sticking and clumping of eggs on egg sheet

Poor and irregular hatching

Loss of appetite and retarded growth

Presence of different sizes of larvae in the bed

Delayed moulting/fail to moult and

Appearance of black spots on the larval body

Preventive and Control Measures:

Complete and perfect disinfection of rearing house

Avoid overcrowding of larvae in the bed

Feed fresh mulberry leaves

Use of slaked lime for settling every moult and bed disinfectant — Vijetha and Vijetha supplement
only for muscardine disease.

Provide favourable temperature and humidity in rearing house

Maintain strict hygiene in rearing house and restrict entry of persons in to the rearing house.

6. Silkworm Pest:

6.1. Uzi Fly: The uzi fly, Exorista bombycis is a severe endo-larval parasitoid of the silkworm, Bombyx

mori.

Symptoms and Nature of Damage:

Presence of eggs and/or black scar on the body of parasitized silkworms and maggot emerge from

larva or cocoon by making hole indicate uzi infestation.

Management Practices:

Collect and destroy the uzi infested silkworms, uzi maggots and pupae

Keep the rearing house floor free from crevices

Fix nylon net to doors, windows and ventilators of the rearing house to prevent entry of uzi fles.
Uzitrap (tablet) is dissolved in one litre of water and resultant yellow solution is kept in white plastic
trays and placed near windows at same height in rearing house for trapping the uzi fly.

Release Nesolynx thymus ecto-pupal parasitoid (1 lakh adults) to kill the uzi pupae.
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Module XIII: EXTENSION APPROACHES AND AGRI-ENTREPRENEURSHIP DEVELOPMENT

13.1. Soft Skills for Agri-Input Dealers
(Communication Skills, Negotiation, Motivation, Counselling and Stress Management)

Agriculture remains the primary source of employment in India, supporting the livelihoods of nearly
69 percent of the population. The sector is predominantly characterized by small and marginal farmers who
often face constraints in resources, access to advanced knowledge, and modern technologies. To ensure their
growth and sustainability, extension advisory services must provide timely and efficient access to relevant
information, technologies, and support systems. The sustainable development of farmers largely depends on
their ability to access and utilize appropriate information effectively (Sinha, 2018).

However, the current extension system faces a significant challenge: the ratio of extension agents to
farmers has fallen below the recommended standard of 1:750 (Ravi, 2019), resulting in a wide gap between
the ideal and the existing situation. To address this gap, a pluralistic extension system has emerged as a
promising solution. By involving multiple agencies in input supply and service delivery, such a system can
greatly enhance the reach and effectiveness of agricultural advisory services. It has proven particularly
beneficial in regions with resource-poor farmers, as it integrates appropriate technologies with essential
services, including marketing support, thereby improving overall agricultural development (Mukherjee &
Maity, 2015).

There is an extensive network of about 2.82 lakh agricultural input dealers in rural areas across the
country and is the second most important source of agricultural information for the farming community after
progressive farmers. Therefore, agricultural development has a leading position in the fi eld among input
dealers Input dealers serves as an important link between the manufactures and the farmers. So, he/she has
the responsibility to disseminate latest farm technology up to the fi eld level especially in the era of the free
economy and the world trade organization. If these input dealers are made para-extension professionals by
providing the necessary knowledge, they can commercialize extension services and contribute to the paradigm
shift in Indian agriculture and thereby help the farming community (Latha et al., 2022).

Input dealers occupy a unique position in the agricultural knowledge system, often acting as the first
point of contact for farmers seeking advice on seeds, fertilizers, pesticides and new technologies. While
technical knowledge is vital, the effectiveness of dealers in serving farming communities increasingly depends
on soft skills such as communication, negotiation, motivation and stress management. These skills not only
improve the quality of interactions with farmers but also enable input dealers to function as para-extension
workers, bridging the gap between government extension systems and rural households. Successful
communication is the main job of an extension worker. He cannot expect change among farmers unless he is
able to communicate effectively to them. This entails the extension personal to have thorough understanding
of communication process (Son et al., 2021).This chapter explores why these four competencies are critical,
how they contribute to the professional development of dealers.

Input Dealers into Para Extension Professionals:

In India, there are about 2.82 lakh practicing agri-input dealers, who are the prime source of farm
information to the farming community. The first contact point for majority of farmers is the agri-input dealer.
While purchasing different inputs required for farming operations, the farmer naturally tries to find out from
the input dealer about the usage of inputs, both in terms of quality and quantity. However, most of these dealers
do not have formal agricultural education. If these input dealers can be shaped as para-extension professionals
by providing requisite knowledge, they can professionalize extension services and contribute to bring a
paradigm shift in Indian Agriculture.

|. Communication:

Communication is the process by which two or more people exchange ideas, facts, feelings or impressions in
ways that each gains common understanding of meaning, intent and use of message (Leagans, 1961).

Communication is two-way information sharing process which involves one party sending a message that is
easily understood by the receiving party. It involves the use of body language, gestures, listening skills and
emotional awareness
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Example:

Message: “Mix 2 ml per liter of water”
spray early morning or late evening to
protect beneficial insects.

v

=
Sy

Input Dealer . Farmer .
Provides advice on Listens, as1.<s ques.tlons
pesticide use 4 Feedback and applies advice

“So, I cannot spray in the afternoon
when its sunny?”
Okay, I will spray only in the morning or

Channels of communication: evening.
Common Understanding Achieved

e B 4

Face to face Body language Writing letters, phone message, Graphs, charts
communication newspapers or books or maps

Elements of Communication:

Channel
Encode Me‘mage Decode

A

o~

S
Sender NOISF ( Receiver
\. ) T
Feedback ‘—/Encode
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. Sender: (Source): It is the Sender who initiates the communication process to share some idea.
. Encoding: To convey his idea, which means translating idea or information into a message.

. Message: Message can be verbal (written or oral) or non-verbal (body language, silence etc.)

. Channel (Medium): The channel is the means used to convey the message.

. Receiver: Is the person who receives the message, understands the message

. Decoding: Reinterprets the words and symbols sent by the sender.

. Feedback: The receiver responds in some way and signals that response to the sender.

N NN AW -

Activity 2: Role-Play — Communication with Suppliers
Practice clear and professional communication. Time: 20 minutes
Instructions:
1. Make pairs — one acts as Dealer, one as Supplier.
2. Dealer explains their need (e.g., order, delivery, discount).
3. Supplier responds with an answer.
4. Dealer and Supplier talk until they reach an understanding.
Was the message clear? Did both sides understand?
Activity 3: Role-Play — Communication with Farmers
Practice giving clear advice and listening to farmers questions. ~ Time: 20 minutes
Instructions:
1. Make pairs — one acts as Dealer, one as Farmer.
2. Dealer explains product use (e.g., dosage, timing, safety).
3. Farmer asks 2—3 questions or doubts.
4. Dealer responds and checks understanding.
Was the message clear? Did the farmer understand?

Example of process of communication:

a e L —m

Source: Encoding: Channel: Decoding: Feedback:
Stocks of Decides to The dealer calls  understands that Conforms
fertilizer are place the order the supplier on  the dealer needs order, dispatch
running low. (Product name, the phone (or 50 bags of in 3 days. The

Needs to required sends an fertilizer to be dealer
request an quantity, email/WhatsApp  delivered before
urgent delivery delivery date message) to the end of the acknowlc?dges
from his and urgency) place the order. week. the supph.er for
supplier. the quick

Why Communication skills are important for Input Dealers?

1. Farmers rely on input dealers not just for input but also for knowledge on usage, safety and alternatives.

2. Dealers with good communication skills build farmer trust, ensure correct product usage and become
reliable sources of advice.

3. Miscommunication about dosage, application methods, or timing can lead to crop damage, economic
loss or environmental harm. Effective communication ensures farmers use inputs correctly.

4. Dealers must negotiate prices, manage stock availability, and stay updated on product innovations. Good

communication avoids misunderstandings and fosters long-term partnerships.
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5. Disputes over product performance, delayed deliveries, or payments can arise. Strong communication
skills help resolve conflicts amicably.

6. Business Growth & Customer Retention: Satisfied farmers are more likely to return and recommend the
dealer to others. Communication directly impacts sales and business reputation.

Expected Roles of Key communicators:

1. Communication of the new technology to farmers.

2.  Keeping in touch with the scientists, media and other related source of information to update the
knowledge.

3. Coordinating the functions of the village organizations and the institutions, channelizing them towards

the adoption of technologies for greater production.

Assisting the villagers in securing the supplies and services required by them.

Guiding and helping people in getting assistance from government.

Helping the fellow villagers/extension functionaries in the preparation of the action plans.

Giving constant guidance and acting as the local consultants.

Focusing on the problems of villager and helping the extension workers and

Serving as the demonstrator/para extension functionaries in the case of agricultural innovations.

©ooNo A

I1. Negotiation:

Negotiation is a process in which two or more people reach an agreement or solve a problem through
communication

Negotiation is a process where each party involved in negotiating tries to gain an advantage for themselves
by the end of the process. Negotiation is intended to aim at compromise. Negotiation occurs in business, legal
proceedings, among nations and in personal situations such as marriage, divorce, parenting, and everyday life.

For example: If two different groups are going in opposite directions in a village, development shall not occur,
in such cases extension workers/ para extension worker should have skills to negotiate and bring about
development.

Activity 4:

Learn how to justify prices and provide value without losing customers.
Scenario: A farmer compares the dealer’s pesticide price with a competitor’s lower price. The
dealer must negotiate by highlighting product quality, after-sales service and any bundled offers.

Why are negotiation skills important?

e Negotiation skills play vital role while dealing with officials, farmers or representatives of farmer
organization.

e To make the interactions translated into positive results for the benefit of development.

e A successful negotiation is to result in a win-win situation and continued relationships between the
two parties.

e Facilitate the adoption of new technologies and practices

o Influence policy decisions that affect the agricultural sector
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Essential Negotiation skills:
Emotional Intelligence

Persistence ! :

Active Listening )7%

Communication

Problem Solving

Persuasive Language Building Rapport

Categories of Negotiation:

Negotiation process with farmers:

Reach a

Negotiate mutually
with farmers benificial
agreement

Understand
the farmers
needs and
concerns

Implement

Identify the and monitor

Develop a
negotiation

plan

negotiation

goals the

agreement
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Activity 5: Role Play: Credit Sales Negotiation

A farmer wants to buy seeds and fertilizer on credit but has a history of delayed payments.
The dealer must negotiate terms that ensure the farmer’s access to inputs while safeguarding
their own financial risk.

Activity 6: Game Time: 15-20 minutes

Group Size: 4-6 participants per group

Instructions:
1. Divide participants into two teams — Dealers and Suppliers.
2. Give each team a situation card with different goals:
o Dealers: Need 100 bags of fertilizer before the sowing season.
o Suppliers: Have only 80 bags available now, rest can come later.
3. Each team discusses privately (5 minutes) to decide their strategy:
o Dealers: How to ask, what minimum they can accept.
o Suppliers: How much they can give now, what terms they prefer.
4. Teams negotiate (5—7 minutes) and try to reach an agreement.
After the negotiation:
o Was the outcome fair to both?
o Did anyone use compromise or persuasion?
o How can these skills be applied in real dealer—supplier situations?

I11. Motivation:
Motivation is an inner state that causes a certain behaviour or course of action. It is what causes a person to

want to repeat a behaviour. For example, getting higher income, motivates the farmer to cultivate crop and
produce more. When a student does his/her work in school because he/she wants a good grade.

Motivation Process:

Reduction
of tension

Tension

Unsatisfied
need
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Components of Motivation:

Motivation is more than just the desire to accomplish or achieve something. If you have ever tried to
accomplish anything; for example, start a business, or lose weight or learn a new subject, you know that it
takes more than the desire to achieve to stay motivated. The desire is a starting point but there are mechanisms
that maintain motivation. These are: activation, persistence, and intensity.

e Activation is the decision to initiate a behaviour. An example of this is starting a business by going
to buy the goods you want to sell

e Persistence is the continued effort toward a goal even though obstacles may exist. An example of this
is continuing to market your product even though you have not made a profit yet

o Intensity is the concentration and vigour that goes into pursuing a goal. An example of this is
continuing to market your product even though you have not made a profit yet

Types of Motivation:
Intrinsic motivation:

Intrinsic motivation refers to motivation that comes from inside an individual rather than from any external or
outside rewards, such as money or grades. When a farmer performs his activity well, he drives a sense of
satisfaction. This is intrinsic motivation which satisfies the creative instinct in man.

Activity 7: Understanding Components of Motivation Time: 20 minutes
Instructions:
1. Divide participants into groups.
2. Ask each group to think of a real-life situation (e.g., introducing a new product,
reaching more farmers or improving sales).
. Each group should break the situation into the three components of motivation:
o Activation: What first step do they need to take?
o Persistence: What challenges might come, and how will they keep going?
o Intensity: How much effort or energy will they put in to achieve success?

Extrinsic motivation:

Extrinsic motivation refers to motivation that comes from outside an individual. The motivating factors are
external, or outside, rewards such as money or grades.

For example, financial incentives for cultivation of particular crop or getting higher market price for his
produce may motivate the farmers. Other external motivations are praise from the neighbouring farmers for
getting yield, recognition from the Government in the form of an award for good performance and creating
better facilities for farmers etc.

Activity 8: Plenary Discussion (20 Minutes)

1. Give examples of internal and external motivation you experience in day-to-day life

2. What kind of motivation is most important? Is it motivation that arises from outside the
individual (extrinsic), or motivation that arises from inside the individual (intrinsic)? Why
do you think so?

Why is motivation skill needed for Input dealers?

e  Motivation brings need-based approach. It is possible for the input dealer to motivate the people to satisfy
the five categories of needs. If there is desire for security, the farmers can be motivated to adopt new
practices by convincing them that the new practice will increase their income and enhance their security.

e  With the use of motivation, a dealer can convince clients to adopt new technologies, methods, and ideas,
which often requires stepping outside their comfort zones.

e  Motivation is necessary to mobilize village people and get them involved in development programs.
Input dealers use motivation to help farmers organize themselves into groups. This collective action
strengthens their voice and gives them better access to inputs, finance and markets.
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The input dealer should keep the following factors in mind when motivating farmers:

Build confidence among the farmers

Should project a cheerful, hopeful, enthusiastic, encouraging and optimistic image
Set the right example in your personal life and think positively

Promote ‘new ideas’ among the farmers

Communicate continuously

Listen to the problems / issues of farmers

Identify success stories in your areas and enthuse people through success stories

NogkrowbhE

Activity 9:

1. List two farmers you know personally- one progressive (motivated) and one less active
(demotivated). For each farmer, identify at least two intrinsic motivators and two
extrinsic motivators.

2. Discuss small groups how these motivators can be used to encourage adoption of
improved practices.

IV. Stress Management:
Stress: Any external events or internal drive which threatens to upset the organism equilibrium is stress.

Stress management involves using various techniques and coping strategies to manage your overall stress
levels, improve how you react to stressful things in your life and build resilience.

Levels of stress:
Eustress:
e Positive, helpful and motivating.

e [t motivates people to work hard, improve their performance and reach their goals, even in the face
of challenges.

Distress:
e Negative kind of stress that most people associate with feeling “stressed out”.

e Distress tends to cause people to feel overwhelmed, anxious and to experience physical and
psychological symptoms like headaches, tension, insomnia, inattentiveness or irritability

Why does stress management matter?

If you’re living with high levels of stress, you’re putting your entire well-being at risk. Stress wreaks havoc on
your emotional equilibrium, as well as your overall physical and mental health. It narrows your ability to think
clearly, function effectively and enjoy life.

Activity 10:
1. Write down 5 situations in your work that create the most stress (e.g., farmers demanding
credit, delayed supplier deliveries, peak-season rush).
2. Classify each as eustress or distress?
3. Discuss in small groups which triggers are controllable and which are not.
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Practice the 4 as of stress management

AVOID ALTER "%
necessary stress The situationJ
e Say “No” to objects Make it positive
and situation that Communicate your

prevents you from feelings openly

doing your task e Manage time better
e Organize and e State limits in

manage your tasks advance

o, DAFT ACCEPT

A do' ¢ stressor The unchangeable
y just your e Talk with someone

standards e TForcive
e Reframe the issue gl ..

) e Practice positive
e Look at the big self-talk

picture

‘\ e Learn from you
rat mistakes
.‘_/

Activity 11:
1. Which of the 4 As (Avoid, Alter, Adapt, Accept) do you already use most often?
2. Which one is most difficult for you to apply, and why?
3. Share one real example where using one of the 4 As helped reduce your stress.
4. 1If you could improve in one area, which “A” would it be?
Activity 12: Sorting Activity
1. Trainer prepares small scenario cards e.g., “Farmer is angry because seeds are out
of stock,” “Too many tasks at once,” “Supplier increases prices suddenly”.
2. Participants work in pairs or groups.
3. Each group must decide: Which “A” (Avoid, Alter, Adapt, Accept) is the best
response for this situation?

V. Counselling:

The process that occurs when a farmer and Extension Agent/para extension worker set aside time in order to
explore the difficulties which may include the stressful or emotional feelings of the farmer.

Counselling skills are obviously of utmost importance to the para extension worker, these skills including
active listening, clarification, reflection and effective questioning skills, rapport with farmers, empathetic
(seeing things from the farmers point of view rather than sympathetic — feeling sorry for the farmers).

Why counselling skills needed for input dealers?

Agricultural input dealers require 109ehaviour109g skills to effectively serve farmers, build trust and solidify
their role as essential advisors beyond just selling products. Many farmers see their local dealers as a “friend,
philosopher, and guide” and rely on them for expert advice on improving agricultural productivity.

e Active listening: By actively listening, dealers can better understand a farmers specific needs, challenges
and goals. This is crucial for recommending the most suitable inputs rather than simply pushing products.

109 |Page



/
&
\{
Extension Approaches and Agri-Entrepreneurship Development n r—\

ANAGE]

FFyF T

S

Empathy: Showing empathy demonstrates that the dealer genuinely cares about the farmers’ success.
Understanding a farmer’s situation from their perspective builds a strong connection and helps them feel
respected and valued.

Trustworthiness and confidentiality: Farmers need to trust that their dealer will offer honest and
transparent advice. The assurance that their information and financial situations are handled with
discretion is vital for maintaining a long-term, loyal relationship.

Activity 13: Role Play
A farmer suffered heavy crop loss due to pest infestation and is frustrated.

1. The dealer responds empathetically and acknowledges the farmers feelings and
suggests practical next steps.

Stages of the counselling process:

1.

Initial Disclosure — Relationship Building: Build the relationship with the farmer and focus on exploring
the issues that directly affect them. The farmers should feel that para extension professional are
empathetic and genuine in addressing their problem.

In-depth Exploration — Problem Assessment: Once the relationship is established the second step is
collection and clarification of information about the famer life situation and reasons for seeking
counselling.

Commitment to action — Goal Setting: Making a commitment to a set of conditions, a course of action
or an outcome.

Counselling Intervention: There are various approaches such as persons-centered approach were the
extension agent that involved rather than intervenes by placing emphasis on the relationship whereas in
110ehaviour approach, attempt to initiate activities that help farmer alter their 110ehaviour.
Evaluation, Termination or Referral: All counselling aims towards successful termination. Terminating
the counselling process will have to be conducted with sensitivity with the farmer knowing that it will
have to end.

Conclusion:

Strengthening the soft skills of agri-input dealers in communication, negotiation, motivation,

counselling and stress management plays a pivotal role in transforming them into effective para-extension
professionals. These skills not only enhance their ability to provide accurate and timely advice on agricultural
inputs but also build trust, resolve conflicts and motivate farmers towards adopting improved technologies and
practices. By fostering empathetic relationships and managing stress effectively, dealers can act as reliable
advisors and change agents who bridge the gap between formal extension systems and the farming community.
Equipping them with these competencies will not only improve their professional efficiency and customer
relations but also contribute significantly to sustainable agricultural growth and farmer well-being.
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13.2.Market-Led Extension: Meaning, Role of Input dealers in promoting forward and
backward linkages of farmers

Learning Outcomes

After completing this chapter, the learner will be able to:

Explain the fundamental concepts, principles, and significance of Market-Led Extension (MLE) in
promoting agribusiness-oriented development.

Differentiate between conventional production-focused extension systems and market-responsive
approaches emphasizing profitability and sustainability.

Identify the evolving role of agri-input dealers as para-extension professionals who serve as critical
intermediaries between farmers, markets, and institutions.

Assess the relevance of market intelligence, value chain analysis, and consumer demand in planning and
implementing extension activities.

Demonstrate the ability to design and deliver market-oriented agri-advisory services that align input
use, production planning, and marketing strategies.

Utilize market information tools and ICT platforms for improving farmer access to timely and reliable
data on prices, inputs, and market opportunities.

Interpret institutional mechanisms and government initiatives—such as the DAESI and MANAGE
programs—that strengthen dealer-based extension systems.

Integrate communication, negotiation, and ethical marketing practices into their professional role to
enhance credibility and trust among farming communities.

Evaluate the impact of market-led extension initiatives on farmer income, market participation, and
sustainable agricultural growth.

Formulate practical strategies for promoting responsible agri-input marketing, ensuring environmental
sustainability, and advancing inclusive market-led development.

Introduction

Traditional agricultural extension mainly focused on increasing production: introducing better seeds,
fertilisers, crop management practices etc. But many farmers produce more yet still face low returns
because their output doesn’t match market demand in terms of quality, timing, variety, or they lack good
market access.

Market-Led Extension (MLE) is an approach where extension services are aligned with market
demand: what consumers (and downstream buyers or processors) want, not just what agronomists think
is technically best. It integrates production, marketing, quality, value addition, and linkages along the
value chain.

Market-Led Extension is a tool for effective delivery of adequate and quality information to farmers so
they can make sound decisions on both production and marketing, thus realising optimum return on
investment, without neglecting sustainability

Definition of Market led extension

Market-Led Extension (MLE) is an approach to agricultural extension that aligns production and advisory
services with market demand, emphasizing profitability, value addition, and sustainability. Unlike traditional
technology-driven models, MLE integrates market intelligence, agribusiness principles, and value chain
perspectives into extension delivery to ensure that farmers produce what the market requires rather than
merely what technology makes possible. In essence, MLE aims to empower farmers with market-oriented
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knowledge and skills, strengthen linkages among producers, input suppliers, processors, and consumers, and
promote a competitive, demand-responsive agricultural system.

Table 1: Production-Led vs Market-Led Extension

Aspect

Production-Led Extension Market-Led Extension

Primary goal

Increase yields / productivity Increase farmers’ returns, profitability;

align production with market demand

Focus

Technical / agronomic practices Also marketing, quality, processing,

post-harvest, value chain

Farmer role

Often passive recipient of technology | More active: choosing what & when to

produce, what quality, how to sell

Information flow

From extension / research to farmers Bi-directional: market signals, buyer /
consumer demands feed into production

decisions

Stakeholders Researchers, extension agents, farmers | Also input dealers, traders, processors,
engaged retailers, consumer markets

Key metrics of | Yield/ production increase Income increase, market access, price
success premiums, reduced losses

Key Components of Market-Led Extension

Table 2: Input dealers should focus on these components to do market-led extension well

Component

What Input Dealers Can Do

Market Intelligence

Collect information on popular varieties, prices, buyer needs, and market demand;
share this with farmers.

Quality Inputs &
Standards

Stock certified seeds and safe inputs; ensure labels and quality; promote practices
that meet market standards.

Forward Linkages

Connect farmers with traders, processors, or retailers; help with aggregation,
packaging, and post-harvest handling.

Supply timely and suitable inputs based on market needs; stock varieties that

Backward Linkages match buyer requirements.
Infrastructure / | Support or guide farmers in accessing cold storage, packing, grading, and
Value Addition transport facilities.

Extension &

Act as advisors—guide farmers on crop planning, harvest preparation, marketing,

Advisory Role and reducing losses.
Institutional Collaborate with FPOs, government schemes, and processors to build capacity
Linkages and improve market access.

Role of Input Dealers in Promoting Backward & Forward Linkages Actions)

1. Variety & Quality Alignment

e Stock seed/varieties that are in demand in markets (colour, size, disease resistance).
e Ensure inputs sold allow farmers to meet market quality (low chemical residues etc.).

2. Adyvisory on Post-Harvest, Grading, Packaging

e  Guide farmers on how to store, clean, sort produce.
e Educate about packaging that preserves quality (mesh bags, proper crates etc.).
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Facilitating Aggregation & Collective Marketing

e Encourage farmers to form or join FPOs / cooperatives.
e Help organize collection points so small farmers can combine volumes to meet buyer
requirements.

4. Linking Producers with Buyers

e Maintain contacts with local processors / retailers.
e Let farmers know which buyers prefer what specifications; maybe help negotiate contracts.

5. Leveraging Government Schemes

e Help farmers/institutions apply for relevant grants (e.g., under Backward & Forward Linkages
scheme, PMKSY).
e Use scheme benefits to set up or improve infrastructure (pack houses, cold chain etc.).

6. Continuous Feedback Loops

e Collect feedback from buyers about quality, defects, preferences and share with farmers.
e Monitor local price trends and inform farmers so they can adjust planting/marketing decisions.

7. Capacity Building & Training

e Organize field demonstrations aligned with market demand.

e Provide training on input usage, safe pesticide application, quality control.

Table 3: Challenges Specific to Input Dealers & Mitigation

Challenge Possible Mitigation Strategies

Dealer incentives not
aligned

Train dealers on value chain approach; link incentives to quality advice;
collaborate with buyers to reward good practices.

(storage, transport)

Small farms and | Encourage aggregation, pre-grading, and use of common quality
variable quality standards; form pilot groups to show success.

Lack of market | Share market prices and buyer needs; use digital tools and display price
information boards; act as link between farmers and buyers.

Poor infrastructure | Partner with service providers or government schemes; share storage and

transport among farmer groups.

Market risk and | Promote crop diversification; support forward contracts; connect to
perishability processing or storage facilities.

Complex policies / | Help farmers understand certification and grading rules; link them with
regulations government agencies for support.

Suggested Framework for Input Dealers

Here is a suggested step-by-step strategy input dealers could adopt to integrate market-led extension into
their operations. Useful for planning or training.

1. Assess Local Market Demand: Talk to local processors, retailers, and mandi to find what varieties
and qualities are selling well.
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Upgrade Input Inventory: Based on that demand, stock seed/varieties and inputs that meet those
specifications.

Train & Educate Farmers: Use leaflets, demo plots which focus on meeting market quality (e.g.,
colour, size, taste, low residues).

Promote Collective Marketing: Help farmers’ aggregate produce; ensure they have
packing/grading/cleaning support.

Use Available Schemes: Apply for grants under B&F Linkage schemes, PMKSY, etc., to set up
structures needed for forward linkages.

Build Partnerships: Collaborate with FPOs, processors, extension agencies, government bodies.

Monitor & Feedback: Keep track of price realizations, buyer feedback, farmer performance; adjust
advice accordingly.

Summary & Conclusion

Market-Led Extension shifts focus from “produce more” to “produce what sells, how it sells, where
it sells.”

Input dealers are critical actors in market-led extension, especially in enabling backward linkages
(quality inputs, seed, chemicals) and forward linkages (market access, aggregation, quality).

For success, dealers must expand their advisory role beyond input sales to include market intelligence,
facilitating connections, quality assurance, value addition.

Institutional support (government, programs, infrastructure) is essential.

The benefits are not just to farmers’ incomes but also to improved efficiency, reduced waste, better
buyer satisfaction, more stable rural enterprises.
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13.3. Extension Methods such as Training, Demonstration, Exhibition, Kisan melas (purpose and

procedure for organising each methods)

At the end of this chapter, agri-input dealers will be able to:

1.

Understand Extension Concepts — Define agricultural extension, explain its importance, and describe
the role of agri-input dealers in technology transfer.

Apply Extension Methods — Identify and use appropriate individual, group, and mass methods for
educating farmers, and plan extension activities such as demonstrations and field days.

Develop Communication Skills — Demonstrate effective communication and participatory
approaches while interacting with farmers, using both conventional and ICT-based tools.

Provide Ethical and Scientific Advisory — Offer accurate, unbiased, and safe recommendations on
agri-input use, ensuring environmental and human safety.

Monitor and Evaluate Activities — Collect feedback from farmers, assess the effectiveness of
extension programmes, and refine strategies for better impact.

Exhibit Professionalism and Farmer Orientation — Recognize their role as partners in agricultural
development, adopt a farmer-centric approach, and commit to continuous learning and responsible
input service.

Definition of Extension Methods

Extension methods are the organized and systematic ways or techniques used by extension workers to
communicate new ideas, practices, and technologies to farmers and rural people to bring about desirable
changes in their knowledge, attitudes, and skills. In simple terms, extension methods are the means or
approaches through which information and innovations are transferred from research and experts to the
farming community for adoption and practical use.

Kelsey and Hearne (1949) defined “Extension teaching methods are the procedures used by extension workers
to create situations in which people can learn by seeing, hearing, and doing.”

Leagans (1961) defined “Extension methods are the tools and techniques used to create conditions for
effective learning among farmers.”

Key features of extension methods

Aim at effective communication and learning.

Involve individual, group, and mass approaches.

Help in transferring technology, solving problems, and motivating farmers.
Ensure participation and feedback from the target audience.

Classification of extension teaching methods

Wilson and Gallup (1955) classified extension teaching methods according to their use and form

Table 1: Classification of extension teaching methods according to use

Individual Contact Group Contact Mass Contact
Farm and Home Visit e Result Demonstration e Farm Publications
Farmer’s Call e  Method Demonstration e Mass Meeting
Personal Letter e  Group Meeting e Campaign
Telephone Call e Small group training e Exhibition
Adaptive Trail e Field Day e Newspaper

e  Study tour e Radio
e Television
e Posters
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Table 2: Classification of extension teaching methods according to form

Written Spoken Visual Spoken & Visual
e Bulletins e  Meetings e Result e Methods Demonstration
o Leaflets e Farm and Home Demonstration e Result Demonstration
e Personal Letters Visit e Exhibits e Television
e  Circular Letters e Office Calls e Posters e Movies
e Farm Journals e Radio and | e Charts e Puppets
Recordings e Slides e Campaigns
e Telephone Calls e  Film Strips
e Flash Cards
e Flannel Graphs
e Bulletin Boards

1. Individual Methods

These involve personal contact between the extension worker and an individual farmer.
They are most effective for specific problem-solving, advisory services, and building trust and rapport.

Common Individual Methods:

o Farm and Home Visits: The extension worker visits the farmer’s field or home to give technical
advice or demonstrate a practice.

e Office Calls/Personal Interviews: Farmers visit the extension office to discuss their problems or
seek information.

o Personal Letters, Telephone Calls, or WhatsApp Messages: Used for personalized
communication, follow-ups, or updates.

Advantages:

¢ Builds confidence and close relationships.

e Provides tailor-made solutions.

e Effective in diagnosing specific farm problems.
Limitations:

e Time- and labor-intensive.

e Covers only a small number of farmers.
2. Group Methods

These involve communication with a group of farmers who share similar interests, enterprises, or local
conditions.

They encourage participation, discussion, and peer learning, making them ideal for skill development and
adoption of new technologies.

Common Group Methods:
e Method Demonstration: Demonstrating how to perform a task (e.g., soil testing, pesticide mixing).

¢ Result Demonstration: Showing results of a new practice versus a traditional one (e.g., improved
seed vs. local seed).

e  Group Meetings & Trainings: Organized discussions or capacity-building sessions.

o Field Days & Study Tours: Exposure visits to successful farms, research stations, or demonstration
plots.
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Advantages:
e Promotes collective learning and cooperation.
e Saves time compared to individual methods.
e Encourages farmer-to-farmer extension.
Limitations:
e  May not address individual differences.
e Requires good facilitation and group management skills.
3. Mass Methods
Mass methods use mass communication media to reach a large and geographically dispersed audience.

They are mainly used to create awareness, influence public opinion, and provide general information on
agricultural innovations.

Common Mass Methods:

¢ Radio and Television Programmes: Broadcasts on improved practices, interviews with experts, and
farmer success stories.

o Newspapers and Farm Magazines: Articles and columns providing practical tips.
e Printed Materials: Leaflets, folders, posters, and charts distributed during campaigns or fairs.
¢ Exhibitions, Campaigns, and Melas: Large-scale events showcasing technologies and innovations.
Advantages:
e Reaches a large audience quickly.
e Cost-effective for awareness generation.
e Reinforces information delivered through other methods.
Limitations:
e Lacks personal interaction and immediate feedback.
e Requires careful message design and language adaptation.
4. Integrated Use of Methods

In practice, no single method is sufficient. A combination of methods—individual for problem-solving,
group for skill building, and mass for awareness—ensures better communication and adoption. This
integrated approach is called the Extension Teaching Methods Mix or Multimedia Approach.
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Table 3: Comparison of Extension Methods

Technique | How It Works | When to Use Advantages Limitations Examples
Agent visits | When farmers Time-
farmer’s have specific | Personalized consumine: Dealer  visits
Farm or | field/home to | or serious | advice;  builds 18 farmers in
.. . costly; limited
Home Visits | inspect  crops | problems; for | trust; detects reach:  needs Telangana for
and give | high-value local issues. ’ pest issues.
> follow-up.
personal advice. | crops.
. When farmers
Showing how to Easy to | Needs .
are new to a . Demonstrations
Method do a task step- . understand; tools/materials; .
. skill or . o on pesticide
Demonstrati | by-step  (e.g., practical limited scale; .
common . spraying or seed
ons seed treatment, . learning; reduces | depends on
. mistakes . . treatment.
spraying). eITorS. trainer skill.
occur.
Compare new | When bileizglirgl ». | Risk of crop
Result vs.  traditional | introducing stron &> failure;  cost | Variety or
Demonstrati | practice  side- | new inputs or £ and time; fair | fertilizer trials
S Lo persuasion; . .
ons by-side in field | varieties; to . comparison in farmer fields.
builds
plots. reduce doubt. needed.
confidence.
Farmers test | When local | Real field data;
. . Needs .
On-Farm / | small changes | adaptation is | strong o Testing new
. ) . . monitoring; .
Adaptive in their own | needed; ownership; . . seed or fertilizer
. . ) . possible  risk; .
Trials fields with | diverse context-specific . levels in farms.
o . longer time.
expert support. | soils/climates. | learning.
Gather farmers When issues . Less personal; Village
Group . are common; | Peer  learning; | attendance :
: to discuss, . . meetings on
Meetings / for mass | wider reach; | issues; .-
share, and learn . o ... | pest or fertilizer
Workshops awareness or | cost-effective. facilitator skill
together. S management.
traming. matters.
Farmers  visit . .
. T h Highl L
Field Days / | demo or model o Show:| HIEMY ogistics and KVK field days
visible results | motivating; real- | travel issues;
Exposure farms to see : . ) . or exposure
L or motivate | life  examples; | requires good | . .
Visits results adoption networkin demo sites Visits.
firsthand. prion. & ’
. Use leaflets, To reinforce | Low cost; Language Posters on safe
Printed /| posters, . barriers; .
. . messages; reusable;  wide pesticide  use;
Visual brochures with . updates
. . when literacy | reach; easy brochures  on
Materials visuals and key | . needed;
is moderate. reference. . schedules.
messages. passive use.
Use radio, TV, To reach i(;sal:sécnwt{ess
Mass Media | SMS, Wide coverage; P SMS pest alerts;
. many farmers | . personal; risk o
/ Digital | WhatsApp, . timely; low cost agri videos on
Methods videos, or apps quickly | per message of WhatsA
> OF APPS | send alerts. p ge- misunderstandi pp-
for advisories.
ng.
Experts During Needs
Farm / Agri diagnose farmer | pest/disease Accurate adV}ce; experts/equlpm Plant clinics in
. problems (pests, | outbreaks or | fast action; | ent; logistics; | _ .
Clinics ) . . village markets.
soils, diseases) | for urgent | builds trust. follow-up
on site. diagnosis. required.
Telephone / | Farmers contact | When follow- | Saves travel; | Less  visual; .
. . . . > | Calling farmers
Office advisors via | up or remote | cost-effective; misunderstandi .
. . . . . . for reminders or
Visits / | phone or visit | advice is | continuous ng risk; phone . .
. . clarifications.
Messaging | office for help. | needed. contact. access issues.
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Table 4: Challenges & Constraints, and Mitigation

Challenge Description Possible Solutions
Low  technical Dealers lack oroer aericultural or Conduct DAESI trainings, mentoring,
knowledge of . "< prop greu refresher courses, link with KVKs or
advisory skills. .
dealers agri colleges.
Resource Collaborate with agencies, share demo

constraints (land,
funds, time)

Demos and workshops need money,

space, and time. plots, plan during lean periods, seek

govt/grant support.

Farmers’ Use trusted demos, involve local

Farmers may distrust or resist new

resistance or low technologies farmer leaders, build trust slowly,
trust gIes. show profit benefits.
Access / .
. Remote areas have poor network or | Use voice/SMS, local language,
connectivity . . . . .
. low literacy. videos, or mobile extension units.
issues
Cost . / Farmers can’t afford recommended Offer small ~packs, - credit hn.k 5
affordability . bulk/group purchase, or subsidy
. inputs.
issues support.
Record keeping / | Dealers don’t track adoption or | Maintain simple logs, use mobile
follow-up gaps feedback. apps, or involve field assistants.
Regulatory /| Misuse of chemicals or unsafe Pr0V1.de safety training, display
. . warnings, and partner with govt or
safety issues handling.

companies.

10. Good Practices & Recommendations

Integrated Methods: Combine several extension methods rather than relying on one. For example,
demonstration plots + group meetings + ICT follow-ups.

Localization: Tailor messages, demonstrations to local agro-ecology, crop patterns, soil conditions.
What works in one area might not in another.

Participatory approach: Involve farmers in planning demonstration plots; gather their input; let
them try experiments. Raises ownership.

Use of multimedia / visuals: Use pictures, videos in local language, simple infographics; help
overcome literacy constraints.

Dealer as extension corner: Dealers can dedicate part of the shop as an “extension corner” displaying
leaflets, posters, success stories etc. This was suggested in DAESI evaluation. manage.gov.in

Continuous training for dealers: Not just technical inputs but also communication skills:
counselling, negotiation, motivation. DAESI and other programs include such modules.
sameti.mizoram.gov.in+1

Collaboration: With public extension agencies (KVKs, ATMA etc.), NGOs, input manufacturers.
Resource sharing reduces cost and improves reach.

Use ICT judiciously: Where infrastructure allows, send pest/disease alerts, weather forecasts, use
WhatsApp or voice messages, etc.

Track & evaluate: Keep simple records; learn from what works and what doesn’t; iterate.
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Summary and Conclusion

Extension teaching methods are the systematic approaches used to communicate agricultural
knowledge and innovations to farmers. For agri-input dealers, these methods serve as powerful tools to
educate farmers on the correct and efficient use of seeds, fertilizers, pesticides, and other inputs while
promoting sustainable farming practices.

These methods are broadly classified into three categories:

Individual Methods — Involve personal contact between the dealer and farmer for specific advisory
services, such as farm and home visits, office calls, or personal communication. They help build trust and
provide customized solutions.

Group Methods — Focus on interaction with small groups of farmers through demonstrations,
trainings, field days, or group meetings. They encourage discussion, learning by doing, and farmer-to-farmer
exchange of experiences.

Mass Methods — Use mass media like radio, television, newspapers, leaflets, posters, and campaigns
to create widespread awareness about new technologies or input use. They are cost-effective for reaching large
audiences.

For agri-input dealers, effective use of these methods enhances communication skills, credibility, and
service quality. By integrating individual, group, and mass approaches—known as the extension methods
mix—dealers can ensure broader outreach, stronger farmer relationships, and greater adoption of improved
agricultural practices.
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13.4. Agricultural Entrepreneurship: Opportunities and Challenges

Start-up is the recent buzzword in the field of business management. Start-up ecosystem in India is
the third largest in the world and produced more than 1.59 lakh start-ups and 113 unicorns during the year
2025. However, 7,000 agri and allied start-ups have been registered, and 1943 agri start-ups have received
financial and technical support under Rashtriya Krishi Vikas Yojana (RKVY) between 2019-20 to 2024-25.
Even though 46 per cent of the population in India depends on agriculture, start-ups emerging in the domain
of agriculture are on the minimum side. There is significant potential and opportunities for starting
agribusiness ventures. Thus, Agripreneurship is a business venture that creates jobs, reduces poverty and
fosters rural development. Agribusiness professionals and input dealers can guide farmers to adopt
entrepreneurial practices, improve productivity, value addition and access markets effectively. This chapter
explores the concept of agripreneurship, its importance, opportunities, challenges and strategies to promote it,
and provides clear, actionable insights to transform Indian agriculture to the next level.

1. Concept of Agricultural Entrepreneurship

Agricultural Entrepreneurship or Agripreneurship refers to entrepreneurship in the agricultural sector,
where individuals or organisations establish innovative ventures to address challenges, create value, and drive
sustainable growth in agriculture and related industries. Agripreneurship encompasses a broad spectrum of
activities, innovations and business models aimed at transforming and modernising the agricultural sector.
According to Peter F Drucker, “An entrepreneur is one who always searches for challenges, responds to them
and exploit it as an opportunity”. The basic test of a successful entrepreneur is the identification of a business
opportunity in the environment and initiating steps to produce and sell goods and services to make the best
use of that opportunity. An entrepreneur has two basic roles, viz., Identifying opportunity, spotter and being a
project champion.

Entrepreneur —_— Entrepreneurship == Enterprise
The person —_— The process === The outcome

An agripreneur is an individual who starts and manages a business in agriculture, adopting creative
ideas to enhance productivity, add value to products or tap new markets (Rao & Kumar, 2016). Unlike
traditional farmers who focus on crop or livestock production, agripreneurs treat agriculture as a business,
aiming for profitability and sustainability.

Agripreneurship spans various activities, including:

e  On-farm activities: Growing crops, dairying, poultry or floriculture with innovative techniques like
precision farming.

e Off-farm activities: Processing agricultural products (e.g., making jams or dairy products) or
offering services like equipment repair or soil testing.

o Allied sectors: Producing bio-inputs, developing seeds or creating Agri-tech solutions like Internet
of Things, machine learning, artificial intelligence, mobile apps for market prices.

For example, an agripreneur might use drones to monitor crops, start a food processing unit to make
value-added products or establish a service centre for farm equipment. Diploma in Agricultural Extension
Services for Input Dealers (DAESI) participants can play a key role by encouraging farmers to adopt these
entrepreneurial approaches, making agriculture a viable career option for youth and women.

Importance of Agripreneurship

Agripreneurship is vital for India’s economic and social progress, particularly in rural areas. It
addresses challenges like low farm incomes and unemployment while promoting sustainable development.
Agripreneurship presents significant opportunities such as increasing demand for organic and healthy foods,
growing awareness of sustainability and environmental conservation, technological advancements,
government support through policies, incentives, and initiatives, evolving consumer preferences for quality,
traceability, and authenticity, employment opportunities and income generation, farmers’ empowerment, and
generates national income and customer choice.
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The key benefits of agripreneurship include:

Economic Growth: Agripreneurship creates new businesses, boosting national and rural economies.
The food processing sector alone was valued at ¥43 lakh crore in 2024, with a 10% annual growth
rate (India Brand Equity Foundation (IBEF), 2024).

Employment Generation: In 2023, more than 2,800 Agri-start-ups generated around 8.93 lakh jobs
across sectors like food processing, logistics and Agri-technology (Start-up India, 2023). These start-
ups are bringing new ideas and solutions, playing a key role in modernising agriculture and making
it more efficient.

Reducing Rural-Urban Migration: Profitable agribusinesses provide rural youth with income
opportunities, reducing migration to urban areas and easing pressure on cities.

Empowering Marginalised Groups: Agripreneurship supports women and smallholder farmers,
who constitute 33% and 80% of the agricultural workforce, respectively, through targeted training
and market access (FAO, 2024).

Sustainability and Climate Resilience: Practices like organic farming and bio-inputs promote
environmental health, addressing soil degradation and climate change.

Food Security: With India’s population projected to reach 1.5 billion by 2030, agripreneurship
ensures efficient, market-oriented food production to meet growing demand.

By fostering innovation and entrepreneurship, agripreneurship transforms agriculture into an

attractive, modern sector, making it a critical focus for DAESI participants.

2. Agribusiness Opportunity

An entrepreneur should be able to scout and identify business opportunities in agriculture. An

agribusiness opportunity can be defined as an economic idea that can be implemented to create a business
enterprise and earn profits.

Exploring agribusiness opportunities in the environment

A prospective agripreneur has to find an opportunity that would be suitable for him/ her in terms of
customers to be served and profits expected. An opportunity may be derived from the needs and
problems of society
Different stages of exploring opportunities are

- Opportunity spotting by analysing the needs and problems that exist in the environment

- Evaluating the ideas received from different sources to find a creative solution

- Identifying a product or service through innovation

- Setting up a project and nurturing it to success

Factors involved in sensing opportunities

Ability to perceive and preserve basic ideas

Ability to harness different sources of information

Vision and creativity

Entrepreneurship is characterised by several key traits viz., creativity, adaptability and a strong ability
to innovate. are innovators and risktakers. They creates employment opportunities, generating
revenues and enhancing the income levels of government in the form of tax.

Good examples of recent agribusiness opportunities are precision farming, agritech startups,
aeroponics and agrotourism.

Agribusiness opportunities

Production — Cultivation of different crops (rice, coconut, turmeric, fruits, vegetables, medicinal plants,
etc.), organic cultivation, mushroom production, and allied sectors like poultry and dairy farming.

Input sectors — Seed, fertiliser, pesticides, farm machinery, custom hiring centres, renewable and non-
renewable, irrigation, and retail services.

Primary and secondary processing — Agro and food processing centre, fruits and vegetable processing,
milled products, functional foods, noodles, cookies, chips, pickles, juice and jelly making.

Agricultural financing and technology — Agricultural insurance, consultancy, Biotechnology applications,
smart farming, IoT and Al applications in agriculture.
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Futuristic agripreneurship

3.

Farm to Fork: Innovations in production, processing, distribution, and marketing to ensure quality, safety,
biofortification and traceability of agricultural products.

Agri tech: Integration of technology, such as loT, Al, drones, Hydroponics, Aeroponics, precision
farming methods and data analytics, to optimise farming practices, enhance productivity, and reduce
resource wastages.

Value addition: Development of value-added products, such as organic foods, processed goods, biofuels,
and nutraceuticals, to cater to evolving consumer preferences and market demands.

Supply Chain Management: Streamlining supply chains, logistics, storage, and transportation to
minimise losses, ensure timely delivery, and enhance market access.

Challenges in Agripreneurship

Despite its potential, agripreneurship faces significant challenges that can hinder its growth. These

include financial, infrastructural, skill-related and social barriers. Understanding these challenges is crucial
for DAESI participants to support farmers effectively. Below, we discuss the main obstacles, followed by a
table outlining their impacts and solutions.

Key Challenges

Limited Access to Finance: High interest rates and banks’ reluctance to fund agriculture due to
perceived risks make it difficult for agripreneurs to start or grow their businesses.

Poor Infrastructure: Inadequate storage and transport facilities cause 15-20% post-harvest losses,
reducing profitability (IBEF, 2024).

Lack of Skills and Training: Only six per cent of agricultural workers have vocational training, limiting
innovation and business management skills (Ministry of Agriculture & Farmers' Welfare, 2024).
Limited Market Access: Farmers depend on intermediaries and earn only 25-40% of the final
consumer price due to a lack of direct market linkages (Yoganandan & Vignesh, 2016).

Climate Risks: Droughts and erratic monsoons cause up to 50% crop losses in rainfed areas.
Example: In Marathwada, Maharashtra, frequent droughts have severely affected farming and agri-
enterprises.

Regulatory Hurdles: Complex licensing and compliance requirements delay business setup and
increase costs.

Socio-cultural Barriers: Farming is often seen as a low-status career, deterring youth—70% prefer
non-agricultural jobs.

Gender Gaps: Women own only 12 percent of agricultural land and face limited access to resources
and opportunities.

Digital Divide: Although Agri-tech tools are expanding, rural adoption is low due to digital illiteracy,
poor internet access and the high cost of smartphones and data.

Fragmentation & Aggregation Challenge: Small agripreneurs, especially in processing, face difficulty
in scaling due to inconsistent supply, low quality control and weak bargaining power.

Intellectual Property (IP) & Technology Transfer: Agripreneurs face challenges in accessing
patented technologies, understanding IP rights and commercialising research outputs.

Supply Chain Resilience: Agri supply chains are vulnerable to disruptions from pandemics, geopolitical
events (e.g., rising fertiliser import costs) and extreme weather.

Additional Challenges

Bulkiness

Highly perishable in nature

Price fluctuations

Low Awareness level of Government Schemes: Many farmers are unaware of support programs like
PMFME, which offers ¥10,000 crore for food processing units

Technology Adoption: High cost and a lack of training hinder the use of modern tools like drones or AL
Competition: Small agripreneurs struggle to compete with large corporations in the market.

These challenges underscore the need for targeted interventions to support aspiring agripreneurs,
particularly students and farmers.
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4. Strategies to Promote Agripreneurship

To overcome these challenges and leverage opportunities, a robust agripreneurial ecosystem is
essential. Below are key strategies to promote agripreneurship, with expanded explanations for clarity.

e Education and Training: Teach agripreneurship in schools and colleges, covering business skills and
farm tech. For example, Tamil Nadu Agricultural University (TNAU)’s Rural Agricultural Work
Experience (RAWE) program trains students to make business plans. Internships at places like Anand
Agricultural University (AAU)’s food plants inspire students.

e Money and Policy Support: Provide low-cost loans and subsidies via schemes like Pradhan Mantri
Formalisation of Micro Food Processing Enterprises (PMFME) (35% subsidy for food processing) and
Rashtriya Krishi Vikas Yojana - Remunerative Approaches for Agriculture and Allied Sector Rejuvenation
(RKVY-RAFTAAR), which funded 1,100 start-ups (MoAFW, 2024). Gujarat’s Student Start-up and
Innovation Policy (SSIP) supported 2,132 student start-ups from 2017-2021 (Gujarat SSIP, 2021).

e Facilities and Markets: Build storage and roads to cut losses by 10% by 2030 (IBEF, 2024). Platforms
like e-NAM aim to connect 50 million farmers to markets by 2027.

¢ Inclusivity and Green Practices: Train women and youth to start businesses, aiming for 20% women-led
ventures by 2030 (FAO, 2024). Use organic farming and water-saving irrigation to fight climate change.

e FPO Support: Strengthen Farmer-Producer Organisations (FPOs) with training and funds, using Small
Farmers' Agribusiness Consortium (SFAC)’s Cluster-Based Business Organisation (CBBO) model.

e Digital Access: Offer rural internet, training camps and apps in local languages.
¢ Mentorship: Connect new agripreneurs with experienced farmers or experts.

e Data Use: Share soil, weather and market data to help farmers plan better.

e Climate Tools: Build water harvesting systems and share weather forecasts.

Conclusion

Agripreneurship has the potential to revolutionise Indian agriculture by creating 10 million jobs and
adding $100 billion to GDP by 2030 (IBEF, 2024). It offers opportunities for the benefit of students and
farmers, particularly in the field of organic farming, Agri-tech and food processing, while addressing
challenges like finance, infrastructure and skills through education, policy support and infrastructure
development. DAESI participants can play a pivotal role by guiding farmers to adopt entrepreneurial practices,
ensuring sustainable rural development and food security. With government schemes, incubation centres and
inclusive training, agripreneurship can make agriculture a vibrant, profitable sector for India’s future.
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13.5. A. Financial Management: Budgeting, Cost Analysis and Record Keeping
1. Budgeting

It is known that, a farmer makes plans before starting production. For example, in crop production,
the farmer decides on the type of crop to be planted (say, paddy, maize, cotton, gram, chillies etc) and resources
to put into production (such as land, labour, capital, technology, seed, fertilizer, manures etc). The result of
the use of these inputs in a production programme results in output. Both these production inputs and output
are measured in different units: inputs are measured in hectares, kilograms, litres etc., whereas output is
measured in quintals or tonnes or litres etc. So, for convenient measurement, both inputs and output are
measured in monetary terms. Thus, the values of both inputs and output are expressed in monetary terms in a
budget. The popular definitions of farm budgeting includes:

® The expression of farm plan in monetary terms by estimation of receipts, expenses and net income is
called farm budgeting.

e Farm budgeting is a process of estimating costs, returns and net profit of a farm or a particular
enterprise.

e Budget is a statement of estimated income and expenditure.
So, budgeting enable the firm to assess the economic viability of different farm plans and thus, guides
the firm to select the one that is most profitable.
1. Objectives of budgeting: This include:
o To study the profitability of a farm business under the existing plan.
o To study the changes in profitability due to desirable changes made in the farm business through farm
planning.
o To compare the profitability between existing plan and alternate plan of farm business.
2. Types of budgeting: Three types or levels of budgets are useful in the farm business viz., Enterprise
budgeting, Partial budgeting or Simple budgeting and Complete or Full budgeting.
i. Enterprise budgeting: We know, an enterprise refers to a crop or an allied production activity taken up in
the farm business. If farm budgeting is done in terms of total costs, gross returns and net returns of an
enterprise (Table 1), it refers to Enterprise budgeting. That is, in enterprise budgeting, each segment or
enterprise of the total operation is an independent business. Each enterprise can then be examined for its
contribution to profitability. So, enterprise budget estimates expenses, receipts and profits of an individual
enterprise for a period of time using a specified set of production practices. This budget is generally worked
out for Rs/acre or Rs/hectare or Rupees per thousand poultry birds or Rupees per hundred apiary boxes etc.,
so that the budgetary values can be projected approximately, if such enterprises are taken up on large scale on
the farm.
Table 1: Typical enterprise budget for ‘Crop X’ in Nandyal region of Andhra Pradesh

S.No Items Rs/1.25 acres Rs/ha
I. Operational Costs
1 Seed 400.00 800.00
2 Nursery 250.00 500.00
3 Land preparation 400.00 800.00
4 Transplanting 1400.00 2800.00
5 Manures 2175.00 4350.00
6 Fertilizers 3500.00 7000.00
7 Plant Protection 4050.00 8100.00
8 Irrigation 100.00 200.00
9 Weeding 200.00 400.00
10 Harvesting 450.00 900.00
11 Interest on working capital 150.79 301.58
Total Operational Costs 13075.79 26151.58
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II. Fixed Costs

1 Land Revenue 200.00 400.00
2 Depreciation 3000.00 6000.00
3 Rental value of owned land 4000.00 8000.00
4 Interest on fixed capital 2800.00 5600.00
Total Fixed Costs 10000.00 20000.00
Total Costs (Operational
Costs + Fixed Costs) 23075.79 4615158
Gross Returns 31375.00 62750.00
Net Returns 8299.21 16598.42
Rate of Return (Net
Returns/Total Costs) 0.36 036

Merits:

e An enterprise budget helps to study the input—output relationship of an enterprise i.e., it indicates the
resource use efficiency.
e [t also indicates profitability of the enterprise under consideration in a given farming situation.

Demerits: By doing enterprise budgeting alone, we start with the presumption that, each enterprise is a
competitive enterprise with another enterprise and hence, it will not facilitate to study the complementary or
supplementary relationships across the enterprises.

ii. Partial Budgeting: 1t involves the estimation of profitability on an enterprise, when relatively few
modifications are made on it as per the scientific recommendations ie., when the farmer adopts for simple
farm planning. That means, in partial budgeting, we estimate the increased profitability of the enterprise by
fine tuning one or few operations on scientific mode.

We know, in a short run production programme, some aspects of business are fixed and partial
budget can evaluate changes in resource uses that are not fixed. That means, in partial budgeting, whatever
the changes made on the enterprise will be accounted for to estimate the incremental income. So, partial
budgeting finally answers ‘what would happen if’. The technological changes made on the enterprise are
examined to see the net effect of the following four possible changes (Table 2):

e Added Returns: This refers to extra returns the farmer realizes by making desirable changes regarding
the operation of the enterprise.

e Reduced Cost: This refers to reduction in cost expenditure realized by the farmer due to making
desirable changes or modifications on the operation(s) of the enterprise.

e Added Cost: This refers to the extra cost incurred by the farmer due to making desirable changes or
modifications on the operation(s) of enterprise.

®  Reduced Returns: This refers to the declined returns from the enterprise, if the changes made on the
enterprise are found futile.

Table 2: Format for Partial Budgeting Analysis to compute Incremental Income

Positive Economic Effects (Credit) Negative Economic Effects (Debit)

Added Returns (AR): What will be the new or | Reduced Returns (RR): What revenues will be
added returns or revenues? reduced or lost?

O mmmmemee- O mmmmmmee-
Reduced Costs (RC): What costs will be reduced | Added Costs (AC): What will be the new or added
or eliminated? costs?

0 - O -
Total Positive Effects: (AR)+(RC) Total Negative Effects: (RR)+(AC)

Incremental Income = (Added Returns + Reduced Costs) — (Reduced Returns + Added Costs)
= Credit — Debit
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Examples of partial farm budgeting:

Example 1: In a farm, with reference to cultivation of crop ‘X’, two loopholes or defects are identified viz.,
the host farmer has not practiced seed treatment and he is applying excess quantity of nitrogen (urea) fertilizer
than the scientific recommended dosage. So, these two defects are modified as per the scientific
recommendations in the alternate farm plan. With the introduction of seed treatment in the alternate plan, the
pesticidal application cost will be reduced during the course of crop production programme. Further, the
decline in fertilizer (urea) dosage is compensated by the slight increase in organic manurial application to
meet the nutrient management of the crop. The details are presented through Table 3 below.

Table 3: Existing & Alternate farm plans for Crop ‘X’ — Comparative Analysis

Operational Costs Existing Plan (Rs/1.25 acres) Alternate Plan (Rs/1.25 acres)
Seed 400 400
Seed treatment - 200
Nursery 250 250
Land preparation 400 400
Transplanting 1400 1400
Manures 2175 3000
Fertilizers 3500 2500
Plant Protection 4050 3100
Irrigation 100 100
Weeding 200 200
Harvesting 450 450
Yield (qtls) 37.5 39.0

Incremental income = (Added returns + Reduced costs) — (Reduced returns + Added costs)

Added returns: Grain yield increased by 1.5 qtls + added returns from straw) =
=1215+35 =Rs.1250/-
Reduced costs: Decrease in Fertilizers cost =Rs.1000/-
Decrease in Plant protection cost =Rs.950/-
Total Reduced costs = Rs.1950/-
Reduced returns: Nil

Added costs: Seed treatment: Rs.200
Manures cost : Rs.825
Total Added costs: Rs.1025
So, Incremental Income = (1250 + 1950) — (0 + 1025) =Rs. 2175 per 1.25 acres = Rs. 4350/ha

Conclusion: By incorporating seed treatment and reduction in application of urea fertilizer in the existing
farm plan, the farmer will get an incremental income of Rs. Rs. 4350/ha.
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Example 2: Increase in profitability of ground nut through application of fungicides for controlling

tikka leaf spot
Credit Debit
o Added Rs 1500 o Reduced returns Rs. 0
Returns
due to increase in
output
o Reduced cost Rs. 0 o Added cost Rs 500
due to application of 400 gms
of Carbandezim and 500 gms
of Mancozeb
Rs 1500 Total Rs 500
Incremental income = (Added returns + Reduced costs) — (Reduced returns + Added costs)

= 1500 — 500 = Rs.1000

Conclusion: By using the fungicides to control the tikka leaf spot, incremental income is increased by Rs.
1000/-

Merits:

e This partial budgeting is extremely useful to determine, how to measure incremental income in the farm
business due to changes or technological interventions made with reference to operations of the
enterprise.

e Partial budgeting is a quick decision making tool of investment analysis.

e In partial budgeting, all the costs are not considered and only those costs associated with the changes
made in operations are accounted for to compute incremental income and this saves lot of time on the
part of farm manager.

Demerits:

e Data may not be readily available with the farmer regarding the alternate course of action. For example,
if the farmer wishes to go for labour weeding instead of herbicide usage, the farmer must need the
information about labour supply and labour availability data. If such data are not available, alternate
course of action cannot be implemented.

o This partial budgeting does not take into consideration the managerial efficiency in increasing the income.
Similarly, the alternate courses of action may also lead to other managerial problems in the farm business.

iii. Complete budgeting or Full budgeting or Whole-farm budgeting or total budgeting: This form of
budgeting is the most familiar of the three. It is also the most complete in the sense that, it includes all income
and expenses in the farm business. The bottom line of the complete budgeting is assessing the profitability of
the farm business by considering the entire farm as one unit. That is, complete budgeting refers to preparation
of a budget for the farm as a whole. It involves extensive remodelling of the farm. That means, there is drastic
change on all the operations of all the enterprises taken up in the farm and sometimes new enterprises may
also come into the picture. To bring these drastic changes on the farm, first SWOT (Strength, Weakness,
Opportunity and Threat) analysis has to be conducted to entire farm. So, each and every aspect of the farm
must be critically evaluated for bringing the entire farm on desired scientific lines (Figure 1). So, complete
budgeting is defined as ‘an estimation of the probable income and expenditure from a farm as a whole by
considering farm as a single unit of course’. Thus, complete budgeting is a quantitative expression of the total

farm plan summarizing the income, costs, and profit. But, a complete budget is different from an enterprise
budget in
e the number of enterprises considered (only one in an enterprise budget; in a complete budget, all
enterprises in the farm are included)
o the size of enterprises (a single unit for an enterprise budget, the entire farm for a complete budget)
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Figure 1: Constructing Complete Farm Budget
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3. Budgeting for Input Dealers — Why it is Important
Budgeting means preparing a plan for income and expenses in advance. For input dealers, it helps in:

Deciding investment amount: Plan how much money to invest in seeds, fertilizers, pesticides, and
new products before the season starts.

Planning for fixed and variable costs: Include monthly rent, staff salaries, electricity, and
transportation costs in the budget to avoid shortage of funds.

Handling seasonal demand: Plan according to crop seasons—Iike kharif and Rabi—so that products
are available when farmers need them most.

Avoiding overstock or understock: A good budget ensures you don’t buy too much or too little. It
prevents waste and ensures timely availability.

Managing cash flow: Track how much money is coming in (from sales) and going out (on purchases)
to maintain balance throughout the year.

Getting ready for emergencies: Keep some funds aside for unexpected expenses like price hikes or
delayed payments from customers.

4. How Input Dealers Can Help Farmers with Budgeting: DAESI-trained input dealers can guide farmers

to create

It brings

a seasonal farm budget, which helps them spend wisely and avoid money problems. Here's how:
Estimate input costs in advance: Help farmers calculate how much they’ll need to spend on seeds,
fertilizers, pesticides, irrigation, etc.
Encourage early planning: Advise them to plan the full crop season (sowing to harvest) before they
start spending, to avoid last-minute borrowing.
Avoid overuse of credit: Teach farmers how budgeting reduces unnecessary loans from moneylenders
and dependence on credit.
Plan for family needs and emergencies: Suggest setting aside some money for family expenses,
medical needs, or crop failure situations.
Link to government schemes: Guide them to use budgeting to apply for Kisan Credit Card or benefit
from subsidy schemes.
Compare with past seasons: Help farmers learn from past experiences by reviewing their previous
season's income and spending.

So, a simple and well-planned budget can make a big difference for both input dealers and farmers.
financial discipline, reduces risks, and leads to better decision-making in agriculture.
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1. Cost Analysis:

In the words of Gulhrie and Wallace, ‘in Economics, cost of production has a special meaning. It is
all of the payments or expenditures necessary to obtain the factors of production of land, labor, capital and
management required to produce a commodity. It represents money costs which we want to incur in order to
acquire the factors of production’. In the words of Campbell, ‘production costs are those, which must be
received by resource owners in order to assume that, they will continue to supply them in a particular time of
production’.

1. Different types of costs: There are different types of production costs widely used in the
production programmes and they are discussed here under.

i. Explicit costs: In the production programme, the farmer employs various resources and resource services
such as seed, manures, fertilizers, pesticides, hired labour, bullock labour, machinery labour etc. To employ
these resources, the farmer has to purchase them or their services through paying cash outlay from his pocket.
Such costs incurred by the farmer are called explicit costs or out of pocket costs.

ii. Implicit costs: Implicit costs refer to costs of self-owned and self-employed resources. They are also called
as imputed costs. Examples include, wages of farmer’s own labour, wages of farm family labour, interest on
owned fixed capital, rental value of owned land etc. These implicit costs are also important to compute the
cost of production of a commodity because, had the farmer not employed these owned resources, he has to
depend upon hired resources to use them in the production programme.

iii. Opportunity cost: It is other wise called as Alternative cost. We know, nearly, all decisions taken in the
agri-business involve trade-offs. When a farmer chooses something, he has to give up some other. So, every
action and choice made by the farmer is associated with advantages and disadvantages, costs and gains. For
example, if the farmer wants to apply fertilizer on one crop (paddy), he has to forego its application on other
crop (maize). So, some amount of net revenue that could be generated in the next best use of fertilizer
must be given up (maize) or sacrificed due to its employment on the most profitable use (paddy).
The net revenue which we forego, when making a choice or decision is called the Opportunity cost of the
decision. This concept of opportunity cost was proposed by John Stuart Mill. In the words of Lipsay,
‘opportunity cost of using any factor is what is currently foregone by using it’. S0, it is the cost equivalent to
the returns from the next best alternative foregone.

iv. Short run and Long Run Costs: The costs incurred by the farmer can be conveniently categorized as given
below with reference to Short run and Long Run production programmes.

A. Short Run Costs

a. Absolute Costs: They include: Total Fixed Cost (TFC), SRTVC and SRTC

b. Per Unit Costs: They include: Average Fixed Cost (AFC), Short Run Average Variable Cost (SRAVC),
Short Run Average Total Cost (SRATC) or Short Run Average Cost (SRAC) and Short Run Marginal Cost
(SRMC).

B. Long Run Costs

a. Absolute Cost: 1t include: Long Run Total Cost (LRTC)

b. Per Unit Costs: They include: Long Run Average Total Cost (LRATC) or Long Run Average Cost (LRAC)
and Long Run Marginal Cost (LRMC).

A. Short Run Costs

a. Absolute costs

i. TFC: 1t is the cost incurred by the farmer in the production programme irrespective of the level of output.
That means, whatever may be the level of output or even at zero output level, TFC remains same (at Rs. 4000).
So, when there is zero production, TC is equal to TFC. These fixed costs are the costs related to fixed resources
only. The distinction between fixed costs and variable costs will arise only in short run because, in the long
run, all the resources are variable and hence, all costs are variable costs in the long run. TFC curve lies parallel
to X-axis (Table 4 & Figure 2).
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Figure 2: Traditional theory -- Short run absolute cost curves in production of paddy
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ii. SRTVC: As the name indicates, this cost varies with the level of output. So, when output is zero,
variable cost is also zero and when output increases, variable cost also increases. The SRTVC
curve is an inverted S shaped curve passing through the origin because, when output is zero,
SRTVC is zero (Table 4 & Figure 2).

iii. SRTC: It is also called as Production cost. It refers to the total expenditure incurred in the production
programme to produce a certain level of output. SRTC is the sum of TFC and SRTVC ie. SRTC = TFC +
SRTVC. SRTC curve will have the same shape (inverted ‘S’ shaped) like SRTVC curve. This is because, the
variation in SRTC is due to the variation in SRTVC only because, TFC always remains constant at all levels
of output (Table 4 & Figure 2).

Table 4: Short run absolute costs and per unit costs

O(“J'I’l‘i‘tg’)Y TFC | SRTVC SRTC AFC SRAVC | SRATC | SRMC
0 400 0 400.00 | - 0 ~ ~
4 400 250.00 650.00 100.00 | 62.50 162.50 250.00
11 400 392.86 79286 | 36.36 35.71 72.08 142.86
18 400 535.72 935.72 | 2222 29.76 51.98 142.86
23 400 735.71 113571 | 17.39 31.99 4938 200.00
25 400 1235.71 1635.71 | 16.00 49.43 65.43 500.00
26 400 2235.71 2635.71 | 15.38 85.99 101.37 1000.00

b. Per unit costs:

i. AFC: The AFC is the fixed cost per unit of output. It is obtained by dividing the TFC by the quantity of the
commodity produced or output ie. AFC = TFC/Y. Alternatively, AFC can also be computed by subtracting
SRAVC from SRATC, given by, AFC = SRATC — SRAVC.

From the above formula, it is clear that, since TFC remains same at different levels of output, the AFC
decreases continuously with increase in level of output (Table 4 & Figure 3). Hence, AFC is a continuous
falling curve from left to right giving a shape of rectangular hyperbola implying that, AFC decreases with
increase in level of output.

ii. SRAVC: 1t is the variable cost per unit of output. So, SRAVC = SRTVC/Y.
An alternative specification for computation of SRAVC is by subtracting AFC from SRATC, given by, SRAVC
= SRATC — AFC (Table 4 & Figure 3).
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iii. SRATC: 1t is also called as Short Run Average Cost. SRATC is the ratio between SRTC to output or it is
the sum of AFC and SRAVC. So, SRATC = SRTC/Y = (TFC/Y + SRTVC/Y) = AFC + SRAVC (Table 4 &
Figure 3). SRATC curve is a U- shaped curve. It implies that, the SRATC has a negative slope for small
quantities of output, reaches a minimum value, then has a positive slope for larger quantities of output. This
U-shape is indirectly attributable to the concept of LDR.

Figured: Short run per umit costurves

Output

iv. SRMC: 1t is the additional cost incurred by the farmer to produce additional unit of output. SRMC includes
only variable cost because, it is an additional cost made in the production programme (Table 4 & Figure 3).
For an incremental change in output, SRMC is given by:

SRMC = ASRTC/AY = ASRTVC/AY

SRMC can also be computed from the following formulae:

SRMC = (SRTC, — SRTCx.1) or (SRTVC, — SRTVC..1)

Where, SRTC, = SRTC at n'" level of output, SRTCn.; - SRTC at n-1" level of output, SRTVC,= SRTVC
at n'" level of output, SRTVCn.; - SRTVC at n-1" level of output.

B. Long Run Costs

a. Absolute Cost

i. LRTC: 1t is the total cost incurred by the farmer in the long run production programme. The LRTC increases

with increase in output in the production programme thereby, LRTC curve rise upward continuously. Since,

all costs are variable in the long run, only LRTC prevails for the long run production programme, as fixed

costs are totally absent.

b. Per Unit Costs

i. LRATC: To get the LRATC, the LRTC is divided by the quantity of output produced (= LRTC/Y). So,

LRATC is the per unit cost incurred by a firm in a long run production programme, when all the factors or

inputs are variable. This LRATC is guided by the concept of Returns to Scale.

ii. LRMC: LRMC is the rate at which LRTC changes per unit change in output in the long run production

programme. This is given by: ALRTC/AY. Thus, LRMC equals the slope of LRTC curve.

2. Cost Analysis for Input Dealers — Why it is Important

Cost analysis means checking how much it costs to run your business and how much you are earning.

It helps input dealers in the following ways:

e  Understand product-wise profit margins: By checking purchase price, transport, storage, and sale price,
dealers can see which products give higher profit and which give less.

e Identify unnecessary expenses: Helps spot wasteful spending—Ilike overstocking slow-moving items,
high delivery charges, or paying extra rent for unused space.

e Set fair and profitable prices: Knowing true costs allows dealers to price products competitively while
still making profit.

e Negotiate better with suppliers: With cost data, input dealers can ask for better rates or schemes from
wholesalers or companies.

e Avoid financial losses: By monitoring rising costs (e.g., transport fuel), dealers can adjust prices or
operations to prevent losses.

e Improve service quality: Efficient cost control means more resources can be spent on better storage,
training staff, or customer support.
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3. How Input Dealers Can Help Farmers with Cost Analysis
DAESI input dealers can teach farmers to analyze how much money they are spending on each part
of farming. This makes farming decisions smarter and more profitable:
e Break down costs crop-wise: Encourage farmers to list all expenses: seeds, fertilizers, pesticides,
machinery, water, electricity, fuel, and labour for each crop.
o (Calculate cost per acre or hectare: Help farmers calculate the total cost of growing one acre of rice
vs. 1 acre of cotton, etc., to compare profitability.
o Compare input costs to yields and market prices: Teach them to compare their spending to the harvest
quantity and market price to see if the crop is profitable.
e Support switching to better practices: If a farmer sees that a traditional method is costly and less
productive, they may be open to trying new technologies or methods.
e Avoid overuse of inputs: Cost tracking helps prevent over-application of fertilizers or pesticides,
which saves money and protects the soil.
o Plan for future investments: With good cost records, farmers can decide when to invest in equipment,
drip irrigation, or try high-yielding seeds.
. Record Keeping

1. Definitions

i. Farm Records: These are the reports, registers and books that are maintained by farmer, so as to keep track
of what is happening on the farm. Having accurate facts about the farm cost structure, output of enterprises,
price trends of commodities etc., in the past is essential for the farmer to plan the farm business in the future.
Thus, farm records register all the transactions of a farm business, whether physical and financial that helps
the farmer to know the strengths, weakness and possible improvements he can make on the farm. This system
of maintaining farm records by the farmer is dealt under two different names viz., Farm accounting and Farm
book keeping, but the ultimate objective of maintaining the farm records is same in both the cases. Let us
define these two terms.

ii. Farm Accountancy: ‘It is an applied science, where in the principles of accounting are applied to the
management of farm. It deals with the recording of business transactions of a farm in the books in a regular
and systematic manner so that, their nature, extent and financial effects can be readily ascertained at any time
in the year’ (Adams).

iii. Farm Book Keeping: ‘This is known as a system of records written to furnish the history of business
transactions with special reference to financial side’ (Adams). So, farm book keeping highlights the history
of business transactions of a farm and this information can be used to predict to the current trends of farm
business.

2. Importance of maintaining farm records: There are a number of reasons for keeping farm records in the
farm business:

e Quides the farmer in planning future decisions on the farm regarding land reclamation, strengthening
of infrastructure, farm mechanization etc.

e The farmer can make complete diagnosis of the farm structure and thereby, he can identify the
strengths and weakness of the farm.

o (ritical analysis about the farm, based on the data recorded in the farm registers or records, makes
the farmer more vigilant and competent enough to plan the business strategies and thus, improve his
managerial ability in running the farm business.

e Farm records can also serve as a proof for the financial institutions in disbursing farm credit. That is,
a good set of farm records allows the farmer to determine credit needs and support loan requests.
Properly kept records provide bankers financial information they need for making credit decisions
and good records also demonstrate farmer’s managerial ability.

Considering their importance, the farmer must learn about record keeping system before starting to
use it. He should develop a habit of keeping the record system up to date from day one. He should do most of
the business through a bank account and make notes on cheques, receipts, and deposit slips.

3. Features of good farm records: Considering the importance of maintenance of farm records, it is essential
that, these records must be maintained on scientific lines with the following essential features:
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Should be in a proper format that addresses each and every operational aspect on the farm.

Should have desirable features like: Complete, Accuracy, Consistent and Timely

Record transactions in chronological order.

The data or information must be accurate, as they are essential for accurate analysis about the farm.

Records must be completely filled without any information gaps. One way of making sure that records
are accurate is by filling them in as soon as possible after the operation or transaction is done and by
checking regularly.

Should be clear and consistent i.e., they should provide information or data about each and every
operation on the farm.

Should permit the analysis needed about the operational aspects of the farm.
Should be maintained or updated easily.

4. Types of farm records: As the farmer has to maintain recorded data for each and every operational aspect
on the farm across the enterprises, for convenient sake, the farm records are classified into Physical farm
records, Financial farm records and Supplementary farm records. Let us discuss one by one here under.

i. Physical (Production) farm records: These records are related to the physical aspects on the farm i.e., about
the farm stead, land utilization pattern, labour utilization aspects, machinery utilization aspects etc. The
various records or registers that fall under this category include:

Farm map: This record displays the important fixtures on the farm like farm layout, farm buildings,
irrigation channels, drainage channels etc. That is, it gives the over view about the farm.

Soil map: This record displays different types of soils in the farm along with their fertility status and
soil health position. This record will also give the details about the soil reclamation practices taken up
on the farm.

Land utilization record: This record highlights different ways for which the farm land was utilized on
the farm ie. area under cereals, millets, pulses, oilseeds, vegetables, fruits, pastures etc., area under
buildings, area under machinery sheds etc.

Labour utilization record: This record indicates the number of labour employed i.e., owned labour and
hired labour across each operation enterprise-wise practiced on the farm. The labour details will also
be given across men, women and child labour employed in the farm.

Machinery use record: This record shows the extent of mechanization of farm operations-wise and
enterprise-wise.

Crop production and disposal record: This record shows the extent of area allocated under each
enterprise, output from each enterprise and disposal of main product and by-product (if any) from each
enterprise.

Livestock production and disposal record: This record shows the number of livestock, output from the
livestock and disposal of livestock product from the farm.

Feed record: This record is maintained by the farmer, who specializes on livestock rearing. This record
shows the details of different types of feeds employed for rearing the livestock on the farm. The feed
record is maintained enterprise-wise and the main objective of maintaining this record is to analyze the
feed use efficiency (i.e., output /feed employed) on the enterprises.

Stock/Store record: This record shows the stock of inputs and outputs in the godowns and these records
are maintained item-wise.

Poultry record: This record shows the number of poultry birds, marketing of eggs and meat produced
on from the farm.

ii. Farm financial records: These records are related to the financial aspects of farm business. That is, these
records justify or prove farm income or expense transactions. Output sales, operating expenses, equipment
purchases, accounts payable, accounts receivable, inventories, depreciation records, loan balances and price
information are all examples of financial records. The important financial records are related to:

a. Farm inventory

b. Farm financial accounts or Farm cash account
c. Classified farm cash account

d. Supplementary financial records like:
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Cash sale register

Credit sale or purchase register

Capital assets sale register

Wages register

Funds borrowed and Repayments register
Farm expenses paid in kind register and
Non- farm income record.

5. Limitations of maintaining farm records in India: Though maintenance of farm records is considered
important in the context of the farm business analysis, majority of the farmers in India do not maintain these
records because of the following limitations:

Most farmers are small and subsistence-oriented, so they feel no need to maintain farm records.
Farmers handle many roles on the farm, making record-keeping difficult.

[lliteracy prevents farmers from understanding the importance of maintaining records.

Weak extension services fail to educate farmers on the value of record-keeping.

Farming is complicated and risky, making it hard for farmers to manage records properly.
Fluctuating farm income reduces farmers’ motivation to keep records.

Farmers lack simple, standardized record books to maintain proper farm records.

6. Record Keeping — Importance for DAESI Input Dealers

Keeping accurate records is not just a formality—it is a foundation for running a legal, organized,

and profitable business. Here's why it's important:

Dealers must keep records because they are checked during license renewals and inspections.
Proper records are needed to claim subsidies and government scheme benefits.

Stock records help dealers manage inventory and know what to reorder.

Payment and credit records prevent disputes and ensure smooth cash flow.

Good documentation improves trust with banks and input companies for loans or dealership
approvals.

Sales records help dealers plan for future demand and grow their business.

Records help detect pilferage or misuse of stock.

They provide legal protection in case of complaints or disputes with farmers or companies.
Organized records make tax filing easier and more accurate.

Maintaining records improves overall professionalism and reputation in the market.

7. How Input Dealers Can Help Farmers with Record Keeping

DAESI-trained dealers can play a big role in improving financial literacy among farmers. Here’s how

you can guide them:

Farm diaries help farmers note simple details like sowing, irrigation, inputs, and yields.

Writing down costs and income helps farmers clearly see their profit or loss.

Proper records make it easier to apply for crop insurance and government schemes.

Noting weather and pest incidents helps farmers plan better for the next season.

Good records help farmers get bank loans faster and without confusion.

Past records guide farmers in making better decisions for future crops.

Records help farmers avoid repeating costly mistakes in farming practices.

They help identify which crops or varieties gave the best results.

Clear records improve transparency when sharing information with extension officers.
Maintaining records increases the farmer’s confidence and professionalism in farm management.
Record keeping is a habit that brings clarity, confidence, and credibility—whether you’re a dealer or

a farmer. DAESI input dealers should lead by example and motivate farmers to build this practice for long-
term success.
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13.5. B. Tapping into Credit: Understanding Agricultural Financing Options

1. Agricultural Credit

Agricultural credit refers to the money that farmers borrow to carry out various agricultural activities.
Agriculture involves many stages such as land preparation, sowing, applying fertilizers, protecting crops from
pests, irrigating, harvesting, and storing the produce. Each stage requires money, and most farmers do not
have the full amount needed at the beginning of the season. To meet these needs, farmers take loans from
different sources such as commercial banks, cooperative banks, rural banks, or moneylenders. This borrowed
money is known as agricultural credit or farm loan.

Agricultural credit is very important because farming is uncertain and risky. Credit enables farmers
to invest in better seeds, tools, fertilizers, and modern techniques. It helps increase productivity and income,
thereby improving the standard of living of farmers. With the right use of credit, farmers can achieve better
results from the same piece of land.

2. Why Farmers Need Credit

Farming is not a regular salaried job. It is a seasonal occupation, which means the farmer spends a
lot of money at the start of the season but earns only after the crops are harvested and sold. Let’s understand
the specific reasons why farmers need credit:

e Farmers need credit to buy good-quality seeds at the start of the season.
Credit helps farmers purchase fertilizers and pesticides on time to protect crops.
Farmers use credit to pay labourers and rent farm machinery before earning any income.
Credit enables farmers to arrange irrigation water when rainfall is unreliable.
Farmers need credit to buy livestock feed and medicines in mixed farming systems.
Credit helps cover harvesting and transport costs so produce reaches the market on time.
Credit helps farmers meet family and household expenses during non-harvest months.
It allows farmers to invest in new technologies like drip irrigation or improved tools.
Credit helps farmers cope with emergencies like droughts, floods, or pest attacks.
It enables long-term investments such as wells, tractors, sheds, or fencing.

o  Credit supports diversification into vegetables, fruits, dairy, or poultry for better income stability.
3. Types of farm credit: We already know, credit refers to the temporary transfer of wealth or capital from a
person who has to other who has not, but with the promise that the latter (borrower) will repay the loan amount
to the lender at a later date. Credit is broadly classified based on various criteria:
i. Based on purpose: Based on purpose, credit is classified into four types:
a. Production loans: These are the loans given to the farmer-borrower towards cultivation of crops. These
loans are also called as Crop loans or Short Term (ST) loans or Seasonal Agricultural Operations (SAO) loans.
The repayment period for this loan is 6-18 months. Example: Loans given for cultivation of crops like paddy,
maize, cotton etc.
b. Investment loans: These loans are also called as Term loans. These loans are mainly given for making
permanent improvements on the farm. Examples: Loans given for purchase of machinery, installation of
irrigation system, drainage system etc.
¢. Marketing loans: These loans are given to the farmers to overcome distress sales (market price of the
commodity < cost of production) of the produce. The banks will sanction marketing loan to the farmer to the
extent of 75 per cent of the value of produce after stocking it in a warehouse godown at times of drastic fall
in price of the commodity. As and when the prices rise in the market, the farmer will destock the produce to
market it and repay the loan amount.
d. Consumption loans: Any loan advanced to the farmer-borrower other than for production, investment and
marketing falls under the category of consumption loan. The provision of consumption loans may appear
unproductive, but indirectly it is productive because, it will not allow the farmer to divert the production loans
towards unproductive or undesirable purposes. These loans will be mainly provided to the farmer-borrowers,
who are hard hit by natural calamities like floods, drought, famines etc. The maximum loan amount offered
under this category of loan is Rs.500 at an annual rate of interest of 11 per cent.
ii. Based on approach: Based on approach, credit is classified into three types:
a. Individual approach: As per this approach, loans are advanced to the potential farmer borrower. Examples:
Crop loans, dairy loans etc.
b. Area approach: Loans given to the persons falling under given area for specific purpose will be categorized
under this. Example: Drought Prone Area Programme (DPAP) loans
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c. Differential Interest Rate (DIR) loans: In this approach, loans will be given to the weaker sections of the
farming community, SC and ST farmers, artisans etc., at the low rate of interest of four per cent per annum.
iii. Based on security: Based on security, credit is classified into the following categories:

a. Unsecured loans: In this category, the farmer-borrower need not show any security to the lender, but based
on the confidence between farmer-borrower and lender, the loan will be given to the farmer borrower.

b. Secured loans: In this category, the farmer-borrower has to show the security for availing loan from the
banking institution. There are different types of securities as listed below:

e Personal security: In this form of security, the farmer borrower himself stands as security for the
loan amount taken from the banking institution. Example: Promissory note.

o Collateral security: In this form of security, the movable properties of the farmer-borrower were
shown as security for collecting loan from the financial institutions. Examples: LIC Bonds, fixed
deposit bonds, warehouse receipts, machinery, livestock etc.

o Mortgage: In this form of security, immovable properties were shown as security for the loan amount
taken from the banking institution. The person who is creating the charge of mortgage is called
mortgagor (borrower) and the person in whose favour it is created is known as the mortgagee
(banker). Examples: lands, buildings etc. This form of security can be divided in two types’ viz.,
Simple mortgage and equitable mortgage.

o Simple mortgage: Simple mortgage is followed, when the property is inherited from the
ancestors. For availing the loan from the banking institution, the farmer-borrower has to
register this property on his name to show it as a security. The registration charges should
be born by the farmer borrower.

o Equitable mortgage: This mortgage will be followed, when the property is self- earned or
self-acquired. So, there is no need of registration by the farmer-borrower to show it as a
security and hence, there are no registration charges.

e Chattal loans: These are the loans taken from the pawn brokers by pledging movable properties like
gold and silver ornaments, utensils etc. These pawn brokers will lend money at higher rates of interest.

e Hypothecation: Hypothecation is mainly seen in case of tractor loans, machinery etc. The person,
who creates the charge of hypothecation is called as hypothecator (borrower) and the person in whose
favor it is created is known as hypothecate (bank) and the property, which is denoted as hypothecated
property. Hypothecated loans again are of two types’ viz., key loans and open loans.

o Key loans: At times of drastic fall in prices of the produce, the produce is kept in the godown
under the control of Agricultural Market Committee or warehouse and based on the receipt issued
by these agencies, marketing loan was advanced to the farmer borrower to an extent of 75 per cent
of value of produce. This will facilitate the farmer to overcome distress sales in the villages. As
and when the prices shoot up in the market, the farmer will identify the buyer, clear the loan
amount and sell the produce. So, when the prices are low in the market, the produce is kept under
the control of an agency (Agricultural Market Committee or Warehouse) and the farmer has no
control over the produce till the loan amount was cleared. Hence, the name key loan was given
for this type of hypothecation.

o Open loans: Unlike key loans, in open loans, the physical position of the asset (say, tractor or
machinery) lies with the farmer-borrower, but the ownership rights lie with the financial
institutions. As and when the farmer clears off the loan amount, he can sell the machinery as he
likes. Since the physical position of asset is with the farmer borrower even though the legal
ownership remains with the financial institution, the name open loan was given for this type of
hypothecation.

iv. Based on time: Based on time, credit is classified into the following categories:

a. Short Term (ST) loans: These loans are mainly given for crop production purpose or carrying out seasonal
agricultural operations on the farm. Hence, these loans are also called as Crop loans, Operational loans or
SAO loans or Production loans. The repayment period for ST loans is 6-18 months.

b. Medium Term (MT) loans: These are the loans given towards purchasing implements, electric motors, milk
cattle, sheep, goat etc. The repayment period for MT loans is 16 months to 5 years.

¢. Long Term (LT) loans: These are the loans given for making permanent improvements on the farm like
purchase of machinery, installation of irrigation system, drainage system, lining irrigation channels etc. The
repayment period for LT loans is 5-20 years and sometimes more than 20 years. Medium and long term loans
together called as Term loans or Investment loans.
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v. Based on contact with the farmer: Based on this criterion, credit is classified into two categories:
a. Direct loans: These are the loans given to the potential farmer-borrower directly. Examples like loan given
for paddy, maize, dairy etc.
b. Indirect loans: These loans were not given directly to farmers, but indirectly benefit the farming
community. Examples include, loans given to the fertilizer companies, pesticide companies, establishment of
agro-based industries etc.
vi. Based on liquidity: Based on this criterion, credit is classified into two categories:
o Self-liquidating loans: If the income derived from the loan amount is sufficient enough to clear off
the entire loan amount in the same accounting year, it is called self-liquidating loan. Example: Crop
loan
o Partially-liquidating loan: 1t is also called as Non-liquidating loan. If the income derived from the
loan amount is not sufficient enough to clear off the entire loan amount in the same accounting year,
it is called partially-liquidating loan. Hence, the farmer clears the loan amount in a series of
installments. Example: Term loans
4. Sources of agricultural credit

Farmers in India can borrow money from different sources to meet their agricultural needs. These
sources are mainly divided into two broad categories:
i. Institutional Sources (Formal and Legal): Institutional sources refer to official financial institutions that
are registered, regulated by the Reserve Bank of India (RBI) or NABARD, and follow proper rules and
systems. These sources offer loans at reasonable interest rates, and provide safe and transparent credit
facilities. They often require basic documentation, but they are trustworthy and farmer-friendly.
Let’s look at the key institutional sources:

o Commercial Banks (e.g., SBI, Bank of Baroda, PNB): These are large public and private sector
banks operating throughout India. They provide loans to farmers for short-term, medium-term, and
long-term needs — such as crop loans (Kisan Credit Card), farm mechanization, irrigation, or dairy
development. They charge regulated interest rates and often link loans with crop insurance schemes.

e  Regional Rural Banks (RRBs): RRBs are special banks set up to serve rural areas, especially farmers
and small businesses. They are supported by the central government, state governments, and
commercial banks. RRBs provide credit at lower interest rates and are more flexible in helping small
and marginal farmers.

o Co-operative Banks and Credit Societies: These institutions are formed by groups of people,
especially farmers, working together to support each other financially. Co-operative banks and
Primary Agricultural Credit Societies (PACS) provide loans for seeds, fertilizers, equipment, and
daily needs. They work at the village or block level and are familiar with local farmers’ conditions.

o Microfinance Institutions (MFIs): MFIs provide small loans (microcredit) to poor and landless
farmers or women in rural areas. They do not ask for large security deposits and often use group-
based lending methods. These institutions help farmers who cannot approach big banks due to lack
of collateral.

o Self-Help Groups (SHGs): SHGs are small groups of rural women or farmers who save money
together and lend among themselves. Over time, these groups become eligible to take loans from
banks. SHGs promote financial discipline, mutual support, and improve access to institutional credit,
especially for women farmers.

®  Role of NABARD: The National Bank for Agriculture and Rural Development (NABARD) plays a
big role in supporting rural credit. NABARD provides refinance support to banks, co-operatives, and
RRBs to ensure that they can offer loans to farmers at low rates. It also guides and monitors rural
credit systems and promotes rural development projects.

ii. Non-Institutional Sources (Unregulated and Risky): Non-institutional sources are unofficial or private
moneylenders who are not regulated by the government or RBI. These sources are usually easy to access, but
they often charge very high interest rates and may misuse their power over poor farmers. These loans are risky,
unfair, and can push farmers into debt traps.

Let’s understand the common non-institutional sources:

e Local Moneylenders: They are individuals in villages who lend money quickly, often without
paperwork. But they charge extremely high interest, sometimes as high as 5-10% per month. They
may take the farmer’s land or produce as security and exploit them if they can’t repay.
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Commission Agents or Traders: Sometimes, traders or middlemen give advances to farmers to grow
certain crops. In return, they force the farmer to sell produce only to them at low prices. This is an
unfair trade practice that reduces the farmer’s bargaining power.

Friends and Relatives: Some farmers borrow from their relatives or neighbors. While this may not
always involve interest, it can still create personal pressure or social obligations. Also, such borrowing
is not reliable or scalable for large expenses.

4.1. What DAESI Students Should Promote: As agriculture professionals in training, DAESI students should
always encourage farmers to approach institutional sources for their credit needs. These are:

Safer

More transparent

Offer lower interest rates

Often come with government support schemes, such as:

o Subsidy on loans

o Crop insurance

o Debt relief in case of natural disasters

5. Schemes Supporting Agricultural Credit by the Government of India

i. Kisan Credit Card (KCC): The Kisan Credit Card (KCC) is a special initiative by the Government of India
that allows farmers to get short-term credit in a quick and convenient way. Farming needs timely availability
of funds, and the KCC scheme addresses this by offering a credit limit based on the farmer's landholding and
crop pattern. The card works like a debit card, allowing farmers to withdraw money as needed from ATMs or
banks. This flexibility ensures that they have access to funds throughout the cropping season.

The most important feature of KCC is its low interest rate, usually around 7%. If the farmer repays
the loan on time, they become eligible for an interest rebate, which reduces the effective rate to about 4%.
This makes it much cheaper than borrowing from private moneylenders. KCC reduces the financial pressure
on farmers and helps them avoid falling into debt traps. They can use the funds for seeds, fertilizers, pesticides,
irrigation, and even emergency expenses.

DAESI students can play a major role by informing farmers about the benefits of KCC, helping them
gather the required documents, and assisting them with the application process. Many small and marginal
farmers are unaware of such schemes, and trained input dealers can become the bridge between the banking
system and the farmer.

ii. Schemes implemented by Government of India

o Interest Subvention Scheme: The Interest Subvention Scheme is one of the most important
programs. Under this, if a farmer repays their loan on time, they receive an interest rebate. For
example, if a bank charges 7% interest on a crop loan, and the farmer pays it back as scheduled, the
government offers a 3% subsidy, reducing the effective rate to only 4%. This promotes timely
repayment and makes borrowing cheaper.

o  PM-KISAN Scheme: The PM-KISAN Scheme is another direct income support program. Under this
scheme, small and marginal farmers get 6,000 per year, deposited in three equal installments directly
into their bank account. This money can be used to meet small farming needs like buying seeds or
paying for labor. It reduces the dependency on loans for minor expenses.

o Agriculture Infrastructure Fund (AIF) Schemes: The Agriculture Infrastructure Fund (AIF) is
meant for long-term investments in farming infrastructure such as cold storage, warehouses, grading
units, and primary processing centers. Under this scheme, farmers, FPOs, and cooperatives can take
low-interest loans to build these facilities. This not only improves storage and reduces post-harvest
losses but also helps farmers fetch better prices in the market.

6. Role of trained DAESI dealers

As trained agricultural credit DAESI dealers, you are more than just sellers of seeds and fertilizers—
you are educators and trusted advisors in the village. You have a major responsibility in guiding farmers
toward safe and beneficial financial practices.

e Help farmers understand where to apply for loans and assist them with required documents and forms.

e Spread awareness about schemes like KCC, SHG loans, PM-KISAN, and interest-subvention
benefits.

e Discourage farmers from borrowing from moneylenders who charge very high interest.

e Encourage farmers to save money, keep simple records, and repay loans on time to stay eligible for

future credit.
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e Warn farmers about taking too many loans and help them decide the right loan amount based on their
needs and income.
Act as a link between farmers and banks so that credit is accessed smoothly and safely.
Guide farmers on using credit only for productive farming needs, not unnecessary expenses.
Teach farmers to compare loan options so they choose the lowest-cost and safest credit source.
Encourage group borrowing through SHGs or FPOs where interest rates are lower and repayment is
easier.
e Help farmers plan their crop budgets so they know how much they must earn to repay loans
comfortably.
e Educate farmers on the risks of not repaying loans, such as penalties, loss of land, or being denied
future credit.
e Promote responsible credit use so farmers improve productivity, adopt better technology, and increase
income without falling into debt.

However, if credit is misused or not repaid on time, it can lead to serious financial problems and even
loss of land or assets. That’s why farmers need guidance in choosing the right kind of credit and using it in
the right way.

As DAESI students and input dealers, you are in a powerful position to educate and empower farmers.
By guiding them toward safe credit options, discouraging risky borrowing, and helping them access
government benefits, you can improve their economic well-being and contribute to the overall growth of the
agricultural sector. Your efforts can build a financially secure and sustainable future for farming communities.
They should guide the farmers

13.5. C. The Importance of Record Keeping for Agri-Input Dealers: Best Practices and Benefits

Record keeping means carefully writing down and maintaining all the important details related to
your agri-input business. It is like keeping a diary or account book where you note everything you buy, sell,
or spend. For an agri-input dealer, this includes recording purchases of fertilizers, seeds, or pesticides, how
much you sold each day, the remaining stock, and the names of farmers who bought items on credit. It also
includes noting how much money was received, what licenses or government documents you have, and what
taxes or bills you paid.

Every small and large activity in the shop should be noted somewhere. These records give you a full
picture of how your business is running. Just like a farmer keeps a record of crops or cattle, an input dealer
should know what products are coming in and going out, and how much profit or loss is happening.

Unfortunately, many input dealers ignore this important task. They think they can remember
everything or write it later. But without regular record keeping, it becomes very hard to manage the shop
properly. You may forget which farmer still owes you money, or how many bags of urea are left in stock. You
may face problems when officials come for license checks, or when you apply for a bank loan.

Also, without proper records, you might miss claiming a subsidy or fail to show proof of your
business income. This can hurt your chances of growing your business or joining government schemes.

So, good record keeping is not just for big companies—it is essential for every agri-input dealer. It
helps you run your business in a smooth, legal, and profitable manner. It brings discipline, trust, and success..
1. Why Record Keeping is Important for Input Dealers

Record keeping is a very important habit for anyone running an agri-input business. It helps you stay
organized, avoid losses, follow rules, and even grow your business. Let us understand in detail why every
input dealer must keep proper records:

e Helps in Business Planning: When you regularly write down your sales and purchase details, you
start to understand your business better. For example, you may notice that urea sells more in the

Kharif season or that a certain hybrid seed is popular in your area. These insights help you plan better

for the coming months.

You can also plan how much stock to keep for each season and which products to promote.

If you know your sales trend, you can avoid investing too much in slow-moving products. This kind

of planning helps reduce wastage, improve cash flow, and make smart business decisions.

e Tracks Profit and Loss: One of the biggest advantages of record keeping is that it helps you know
whether your business is running in profit or loss. When you maintain records of all your income

(sales) and expenses (purchases, transport, salary, rent, etc.), you can calculate the total profit earned

during a month or a year.
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This information is very useful. If you are making a loss, you can find the reason and fix it—
like reducing credit sales, avoiding excess stock, or managing expenses better. If you are making a
good profit, you may decide to expand or invest more. Without records, it’s just guesswork.
Manages Inventory (Stock) Properly: Stock is the heart of any agri-input shop. If you don’t
maintain a stock register, you will not know how many packets of seeds, litres of pesticide, or bags
of fertilizer are left. This can lead to overstocking (which blocks your money and increases the risk
of expiry) or understocking (which leads to missed sales when farmers visit your shop).

With proper stock records, you’ll know when to order more and what products are not
selling. You can also avoid duplicate orders or forgetting expiry dates. A simple stock register helps
reduce losses and improves customer satisfaction.

Legal Compliance and License Renewal: As an input dealer, you are working under various
government laws such as the Fertilizer Control Order, Insecticide Act, and Seed Control Order. These
rules require you to maintain certain registers like sales records, purchase records, and stock registers.

If an officer from the agriculture department or pollution control board visits your shop for

inspection, they will ask for these documents. During license renewal, you must also show proof of
proper record keeping. Without records, you may face penalties or even lose your license.
Builds Trust with Farmers and Companies: Farmers like to do business with dealers who are
honest, organized, and dependable. If your records are clear and correct, it shows that you are serious
about your work. When a farmer comes back after 2 months and asks, “Did I pay for those
pesticides?”, your record book gives you a clear answer. This builds long-term trust. Also, companies
that supply you products want dealers who keep proper records and make timely payments. Some
companies offer special discounts, bonuses, or dealership upgrades only to dealers with clean records.
Eligibility for Bank Loans or Subsidies: If you ever want to expand your business, buy a vehicle,
build a godown, or invest in a computer system, you may need a loan from a bank. But the bank will
not give money just based on words—they will ask for your income and expense records, stock
details, and past sales data.

Also, many government schemes and subsidies, such as those for setting up bio-input labs
or warehouses, require financial proof. You can submit these only if your business is well-
documented with proper records. Without them, you may miss these important benefits. Thus, record
keeping is not just a formality—it is a backbone of a successful agri-input business. It helps you track
your performance, follow the law, plan better, and grow your income. It builds trust, avoids
confusion, and opens the door to bank loans and schemes. As a DAESI trainee and future input
advisor, make record keeping a habit from day one. It’s a small effort with big rewards.

2. Types of Records DEASI dealers should maintain

Sales Register
o Date-wise record of sales
o Farmer’s name, product sold, quantity, price, payment mode (cash/credit)
Purchase Register
o Date-wise details of items purchased from wholesalers or companies
o Invoice number, product name, quantity, cost price
Stock Register
o Opening stock, items received, items sold, and closing stock
o Helps check expiry dates and avoid damage/loss
Credit and Payment Register
o Record of money given on credit and payments received
o Helps manage cash flow and remind customers for due payments
License and Document File
o Copies of licenses (fertilizer, pesticide, seed)
o Tax returns, PAN, GST, Aadhar, shop registration
Daily Cash Book
o Records of all money received and spent each day
o Helps avoid misuse or confusion
Tax and GST Records
o Bills with GST, GST filing details, and returns
o Helps avoid penalties and ensures smooth compliance
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2.1. How DAESI Dealers Can Help Farmers Maintain Farm Records

Teach farmers to use simple notebooks for noting daily activities like sowing, irrigation, fertilizer
use, and pest control.

Provide farmers with sample record formats for seed usage, pesticide sprays, labour payments, and
yield details.

Explain the importance of writing every expense, even small ones, to understand real farming costs.
Help farmers maintain a crop-wise input register showing how much seed, fertilizer, and pesticide
they used for each crop.

Guide farmers to keep receipts and bills safely so they can claim subsidies, insurance, or
compensation during crop loss.

Encourage farmers to maintain a simple stock book for fertilizers, pesticides, animal feed, etc.,
especially for mixed farming.

Teach farmers to record weather changes, pest attacks, and diseases for future planning and better
decision-making.

Help them maintain a credit & payment notebook to track money borrowed, repaid, or given on credit
to labourers or neighbours.

Motivate farmers to record harvest quantities and selling prices to calculate profit or loss at the end
of the season.

Assist farmers in organizing important documents like land records, Aadhaar, bank passbook, crop
insurance papers, and subsidy receipts.

Show farmers how proper records help during loan applications by making verification easier and
faster.

Encourage farmers to maintain digital records through simple mobile apps or WhatsApp notes if they
are comfortable.

Conduct small awareness sessions on why record-keeping improves productivity, income, and
financial planning.

Visit farms and help farmers start their first set of registers, so they gain confidence in continuing the
practice.

3. Best Practices in Record Keeping: Following best practices in record keeping is crucial because it ensures
that your business operates in an organized, transparent, and efficient manner. Proper records help you avoid
mistakes, detect losses, and stay prepared for audits or inspections. They make your business more trustworthy
in the eyes of banks, companies, and farmers, increasing your chances of getting loans, subsidies, or dealership
opportunities. By maintaining accurate and up-to-date records, you can also make better decisions, grow your
business systematically, and comply with legal rules. In short, good record keeping practices are the
foundation of a successful and sustainable agri-input business.

Use a Register or Computer
o Ifyou are comfortable, use a notebook or Excel sheet.
o You can also use mobile apps designed for small businesses.
Update Daily
o Make it a habit to update sales, purchases, and cash records every day.
o Don’t delay or try to remember everything later.
Keep Receipts and Bills Safe
o File all receipts, invoices, and bank statements properly.
o It will help during tax filing or audits.
Back Up Your Records
o Ifusing digital records, keep a backup in pen drive or email.
o Paper records should be stored in a dry and safe place.
Keep It Simple and Clear
o Use easy formats, clear handwriting or labels.
o Use separate pages or sections for each record type.
Train Your Staff (If Any)
o If someone helps you in the shop, train them to follow the same record-keeping method.
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4. Benefits of Good Record Keeping
e Record keeping saves time and avoids confusion in daily work.
It makes audits, tax filing, and license renewals much easier.
Good records help dealers make better business decisions.
Proper documentation makes it easier to get loans and credit from banks.
Records prevent losses caused by poor stock handling or unpaid customer credit.
Good record keeping improves the dealer’s reputation and builds trust.
Records help track which products sell well and which do not.
They make it easy to check stock levels and plan timely reorders.
Accurate records protect dealers during inspections or disputes.
Organized accounts help avoid penalties or mistakes in compliance.
Records help dealers analyse profits and plan business growth.
¢ Good record keeping makes the business more professional and reliable.
5. Scale of Finance and Unit Costs
5.1. Scale of Finance: This refers to the maximum amount of loan that a bank will provide per acre or per
animal/unit for different crops and farming activities. The District Level Technical Committee (DLTC) fixes
the Scale of Finance every year based on:
e Cost of seeds
o Cost of fertilizers and pesticides
e Labour and machinery charges
e Irrigation expenses
e Local market conditions
Why is it important?
e Ensures farmers receive enough credit to cover the cost of cultivation.
e Helps banks decide loan limits under KCC and crop loans.
e  Provides uniformity so all farmers in the district get similar financial support.
5.2. Unit Cost: Unit cost is the standard cost of one unit of an agricultural enterprise, used for calculating loan
amounts.
Unit depends on the activity:
One cow / buftalo / goat
One poultry bird
One beehive
One fish tank / hectare waterbody
¢ One acre crop (sometimes unit cost and scale of finance overlap)
Why is it important?
e Helps banks decide the loan amount for dairy, poultry, fisheries, and horticulture.
e Ensures farmers get loans according to realistic, approved costs.
e  Avoids over-financing or under-financing.
DAESI Dealers should know both Scale of finance and Unit costs because,
e To guide farmers about correct loan amounts for crops and livestock.
e To help farmers avoid under-borrowing or over-borrowing.
e To assist in preparing loan applications and required documents.
e To explain to farmers how banks fix credit limits under KCC.
e To advise farmers on financial planning for crop and livestock activities.
6. Record Keeping — Why It Is Important for DAESI Input Dealers
¢ Essential for License Renewals and Legal Compliance
o Government rules under the Fertilizer Control Order (FCO), Seed Act, and Insecticide Act
require dealers to maintain registers.
o During license renewals or inspections, these records are checked by authorities.
o Missing or poorly maintained records can lead to fines or even suspension of license.
e Helps Track Profits and Losses
o Recording daily sales and purchases helps dealers calculate how much profit they are
making.
o It shows which products sell well and which ones do not.
o Helps identify unnecessary expenses or loss-making items.
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e Improves Inventory (Stock) Management
o By maintaining a stock register, dealers can know when to reorder and avoid overstocking.
o It prevents losses due to expired products.
o Accurate stock data also helps in fast billing and better customer service.
Tracks Credit and Payment Collection
o Many farmers buy inputs on credit. Keeping a record helps in tracking dues and following
up.
o Dealers can avoid confusion, delays, or disputes over payments.
Helps in Applying for Bank Loans or Financial Assistance
o Banks and funding agencies ask for business proof. Well-maintained records act as financial
documents.
o Input dealers with clean records are more likely to get working capital loans or subsidies.
Builds Trust with Farmers and Companies
o A dealer who keeps clean records gains reputation as honest and professional.
o Input companies prefer working with such dealers for long-term business.
6. How DAESI Input Dealers Can Guide Farmers on Record Keeping
i Encourage Farmers to Maintain Simple Farm Diaries
e Ask them to use a notebook to write down all farming activities:
o Date of sowing, type and quantity of inputs used
o Pest and disease outbreaks
o Weather conditions
o Harvest yield and sale price
ii.  Teach Them to Track Costs and Income
o Farmers should note expenses like seeds, fertilizers, labour, irrigation, fuel, etc.
e This helps calculate total cost of cultivation and compare it with income from sales.
iii.  Help Them Maintain Documents for Subsidies and Schemes
e Schemes like PM-KISAN, crop insurance, or subsidies require proof of farming activity.
e Farm records serve as valid documents when applying for such benefits.
iv. Advise on Weather and Pest Records
e By keeping weather data and pest attack notes, farmers can plan better next season.
o It helps in choosing the right crop or pesticide based on past experience.
V.  Assist in Record-Keeping Formats
e Provide farmers with simple pre-printed formats or registers in local language.
e If possible, introduce them to digital apps for record keeping.
vi.  Promote Learning from Past Experiences
o Encourage farmers to look back at their records after each season.
e This helps them learn what worked well and avoid repeating mistakes.
vii.  Support in Loan and Insurance Applications
e Train farmers to maintain crop-wise records, which banks and insurance companies ask for.
e Help them prepare basic income-expenditure sheets to support their applications.

Thus, record keeping is not a burden—it is a tool for success. Whether you are a DAESI-trained
dealer or a farmer, maintaining clear, timely, and accurate records helps in making better decisions, accessing
financial support, and ensuring legal safety. By guiding farmers in this direction, input dealers become
valuable advisors, not just sellers.
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Module XIV: BUSINESS ETHICS AND REGULATIONS
14.1. Seed Act, 1966; Seed Rules, 1968, Seed Control Order, 1983
The seed laws which are being implemented in India are

The seeds Act 1966 with 25 sections

Seeds rules 1968 with 39 rules

Seeds (Control) order 1983 with 18 clauses
Environment protection Act 1986 with 26 sections

1. THE SEEDS ACT, 1966:

It is National legislation enacted by the Parliament to provide for regulating the quality of seeds, sales
and matters connected their with. There are 25 sections relevant to notified kind or verities of seeds used for
sowing or planting of the following classes namely,

i. Seeds of food crops including edible oil seeds and seeds of fruits and vegetables.

ii. Cotton seeds

iii. Seeds of cattle fodder.

iv. Jute seeds.
And includes seedlings, tubers, bulbs, Rhizomes, roots, cuttings all types of grafts and vegetatively propagated
material of food crops or cattle fodder.

Seed Quality: Seed quality is the degree of excellence in regard to characteristics. i.e., genetic purity, physical
purity, germination, vigor, freedom from diseases, seed moisture and other characters like seed size, weight
and seed colour.

Seed varieties notification: The crop varieties with above characteristics are notified by the State and Central
Government after consultation with the committee for the purpose to regulate the quality of seed under
pertinent seed regulation and process is called notification of kind and varieties.

Seed Certification: The seed certification aims to maintain and to make available to the public through
certification for production of quality seed of notified kind and varieties so grown and distributed as to ensure
genetic identity and genetic purity. Seed certification is also designed to achieve prescribed standards.

Classes of seeds:
A) Breeder Seed: It is vegetatively propagating material directly controlled by plant breeder. Available
in smaller quantities and labeled with golden yellow tag and not for sale to farmers.
B) Foundation Seed: It is progeny of Breeder seed and production is supervised by plant Breeder.
Available in smaller quantities and labelled with white tag.
C) Certified Seed: It is progeny of foundation seed and labelled with azure blue tag and salable to
farmers for crop production after certification by the seed certification Agency.

Licencing process:

A) Documents required:

e Every person who intends to carry on business of seeds should apply for grant of license duly
filled up form ‘A’ as per clause 3 of seed control order 1983 to the notified authority through
the concerned seed inspector of the area.

Challan or fees as prescribed from time to time (Rs. 1,000/- at present)

Source of certificate or principal certificate

K.Y.C of the applicant.

e Rental deed or owner ship certificate as case may be.

B) Grant of Licence:
The licensing authority may, after making such enquiry as it thinks necessary, grant license
in form ‘B’ (cl.5) and the validity will be 5 years (cl.6). The person who intends to continue
in the business may apply for renewal after expiry of validity with a grace period of 1 month.
(cl.7)
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Maintenance of Outlet, Records and Submission of Reports (cl.18)

Display of sign board of the outlet.

Display of license at conspicuous place.

Display of stock and price board. (cl.8)

Dealer to give purchase bill to the purchaser. (cl.9)

Stock register and bill books duly certified by the seed inspector.

Original principal certificate of the seeds available.

The stocks have to be stored in countable manner and in well-ventilated conditions.

The expired stocks or validity completed stocks have to be segregated and destroyed.

Monthly report relating to his business for the proceeding worth have to be submitted in form ‘D’ to
the seed inspector and to licensing authority by 5™ of every month.

VVVVVVVVYY

Ammendment of Licence: (cl.17) The dealer may apply for amendment of original license together with a
fee of Rs. 10/-.

Suspension / Cancellation of Licence: (cl.15) The licensing authority may suspend the license of any dealer
for contravention of any provisions / rules after giving the opportunity of being heard.

Appeal: (cl.16) Any person aggrieved by an order refusing to grant of license, ammend or renew the license,
suspending or cancelling the license may within (60) days from the date of order on payment of fee Rs. 50/-
may appeal to the competent authority notified by the Govt. The orders of appellate authority shall be final.

Types of offences:
Non-cognizable (rectifiable defects)
» Non display of stock and price board (cl.8)
» Non issue of cash / credit memorandum (cl.9)
» Non maintenance of stock book & bill books (cl.18)
» Non submission of reports (cl.18)
Administrative Action:
» Issue of stop sale. Form III (Sec.14)
» Seizure of stocks. Form IV (Sec.14)
» Suspension / cancellation of license (cl.15)
» Confiscation of stock. Filing of case under 6A of EC Act 1955.
Cognizable Offence: (Non-rectifiable defects)
» Sale of seeds without valid license (cl.3)
» Sale of seeds beyond self-life.
Quasi-judiciary and judiciary action:
» Confiscation of stock and filing case under Sec. 6A OF E.C Act. 1955
» Filing case under sec 19 of Seed Act 1966.
Important sections of seed act 1966:
Minimum Limits if Germination And Purity (Sec 6)

The G.O.I may, after consultation with the committee by notification in the official gazette, specify
the minimum limits of germination with respect to any seed of any kind or variety the mark and label etc., Eg.
Paddy 80%, Cotton 75%, Maize 90%.

Regulation of Sale of Seeds: (Sec 7)

» Seeds should be identifiable.
» Seeds should conforms to the minimum limits of germination and purity specified under sec 6
» The container should contain mark and label.
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Powers of Inspector: (Sec 14)

» Entry into the premises and search at all reasonable times.

» Take samples of any seed from dealer for analysis giving notice in form VI. After packing and sealing,
one sample will be delivered to the dealer, one sample will be sent to the notified laboratory and
another sample will be kept as referee / Guard sample.

» Issue of stop sale notice for rectifiable defects. Form III.

» Seizure of stock / records for non-rectifiable defects. Form IV.

Report of Seed Analyst: (Sec 16)

After filing charge sheet in the court of law the accused vendor (Dealer) may, on payment of Rs.
1,000/- towards re-analysis charges may request for sending the sample to the central laboratory and the report
received from Central Laboratory will be concluding evidence and based on the report further action will be
initiated.

Penality: (Sec 19)
If any person contravenes any provision of Seed Act or any rules, be punishable.

. First offence - Fine Rs. 500/-
Il. Second / subsequent offence — Imprisonment — 6 Months
Fine — Rs. 1,000/- or Both

Farmer is Exempted: (Sec 24)

Any person / farmer grown any seed of any notified kind or variety in his own field and
delivered to another person / farmer for being used by that person for the purpose of showing or planting is
exempted from Seed Act 1966.

SOURCE: Law of seeds 1966 published by the Government of India.
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14.2 Insecticide Act, 1968; Insecticide Rules, 1971

Agricultural productivity in India depends heavily on the effective control of pests, diseases, and
weeds. For this purpose, pesticides are widely used at various stages of crop production. Although the
legislation is titled the Insecticides Act, 1968, its scope extends to all categories of pesticides, including
insecticides, fungicides, herbicides (weedicides), bactericides, and rodenticides.

The need for regulatory control over pesticides arose from serious public health concerns, particularly
the 1965 accidental food contamination incident, in which highly poisonous insecticides entered the food
chain and caused severe health hazards. This incident exposed the dangers of unregulated manufacture, sale,
and use of pesticides and led to the enactment of the Insecticides Act, 1968, followed by the Insecticides Rules,
1971.

The Act and Rules together provide a legal framework to regulate the import, manufacture, sale,
transport, storage, and use of pesticides, with the objective of preventing risks to human health, animals, and
the environment. This chapter focuses on the practical compliance requirements and responsibilities of
pesticide dealers and license holders, in line with the objectives of the Act.

Key Compliance Requirements for Pesticide Dealers under the Insecticides Act, 1968 & the Insecticides
Rules, 1971

Pesticide dealers play a critical role in ensuring the safe, lawful, and responsible use of pesticides in
agriculture. Under the Insecticides Act, 1968 and the Insecticides Rules, 1971, dealers are not merely traders,
but regulated stakeholders entrusted with public health, farmer safety, and environmental protection. The
following key compliance requirements must be strictly followed by all licensed pesticide dealers.

Licensing and Authorization: Every person engaged in the sale, stock, or distribution of pesticides must
possess a valid license issued by the designated Licensing Officer. The license is granted subject to specific
conditions relating to premises, storage facilities, technical qualifications, and trained personnel. Dealers
must operate strictly within the scope of the license granted, and any violation of license conditions may
result in suspension or cancellation. Renewal of licenses must be done within the prescribed time to avoid
legal consequences.

Procurement and Sale of Registered Pesticides Only: Dealers are permitted to sell only those pesticides
that are registered and approved under the Act. Sale or distribution of unregistered, banned, misbranded,
or spurious pesticides is strictly prohibited. Dealers must ensure that the products stocked and sold match
the registration details, including formulation, concentration, manufacturer name, and batch information.
Packing and Labelling Requirements: Pesticides must be sold only in properly packed and labelled
containers. Labels must be intact, legible, and unaltered. Dealers must ensure that containers display
mandatory information such as the product name, active ingredients, toxicity classification, batch number,
manufacturing and expiry dates, safety warnings, and antidote details. Tampering with labels, containers,
or inscriptions is a punishable offence under the Act.

Mandatory Pesticide Leaflet and User Information: Each pesticide package must be accompanied by
a leaflet or label information providing clear instructions for use. Dealers must ensure that the leaflet
contains directions regarding dosage, method of application, crops for which it is approved, safety
precautions, first-aid measures, and disposal instructions. Providing accurate user information is essential
to prevent misuse and accidental exposure.

Storage of Pesticides: Dealers must store pesticides in a safe, secure, and designated storage area. Storage
facilities should prevent leakage, contamination, and unauthorized access, particularly by children,
animals, or untrained persons. Pesticides must not be stored alongside food items, animal feed, seeds, or
household goods. Proper segregation based on toxicity and formulation is required to reduce risk.
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Transport of Pesticides: During transport, pesticides must be packed securely to prevent spillage,
breakage, or exposure. Transport vehicles should comply with safety requirements and avoid
contamination of agricultural produce or consumer goods. Dealers must ensure that pesticide consignments
are accompanied by proper documentation and are handled in a manner that does not pose risks to public
health or the environment.

Maintenance of Records and Documentation: Dealers are legally required to maintain accurate records
of purchase, sale, and stock of pesticides. Cash memos or invoices must be issued for every sale, and
records must be preserved for inspection by authorities. These records ensure traceability and
accountability and must be readily available during inspections by Insecticide Inspectors.

Cooperation during Inspection and Sampling: Insecticide Inspectors are empowered to enter premises,
inspect records, draw samples, and seize non-compliant stock. Dealers must fully cooperate during
inspections and provide all required information regarding procurement, storage, and sale of pesticides.
Obstruction or non-cooperation with inspectors constitutes an offence under the Act.

Safety Measures and Emergency Preparedness: Dealers must maintain adequate first-aid facilities and
antidotes to manage accidental exposure or poisoning incidents. Staff involved in handling pesticides
should be trained in safety practices, emergency response, and spill management to minimize occupational
hazards.

Disposal of Containers and Surplus Stock: Used containers, expired products, and surplus pesticides
must be disposed of in an environmentally safe manner as prescribed under the Rules. Reuse of pesticide
containers for domestic or commercial purposes is strictly prohibited. Improper disposal may lead to
environmental pollution and legal action.

Mandatory Education and Training: Possession of mandatory training and educational qualifications is
an essential requirement for pesticide licensing. Programmes such as DAESI (Diploma in Agricultural
Extension Services for Input Dealers) conducted by MANAGE and CCIM training by NIPHM are
designed to equip dealers with technical knowledge, regulatory awareness, and ethical responsibility.
Compliance with training requirements ensures safer pesticide distribution and advisory practices.

Institutional Framework for Implementation of the Insecticides Act

The effective implementation of the Insecticides Act, 1968 and the Insecticides Rules, 1971 depends
on a well-defined institutional framework at the central and field levels. These institutions ensure that
pesticides available in the market are safe, quality-tested, and used responsibly.

Central Insecticides Board (CIB): The Central Insecticides Board functions as an advisory body to the
Central and State Governments. It provides technical and policy guidance on matters related to pesticide
safety, regulation, and usage. The Board plays an important role in recommending standards, safety
measures, and regulatory practices to ensure that pesticides do not pose risks to human health, animals, or
the environment.

Registration Committee: The Registration Committee operates under the Central Insecticides Board and
is responsible for the registration of pesticides before they are manufactured, imported, or sold in India. It
examines applications for registration, evaluates safety and efficacy data, and decides whether a pesticide
should be approved, refused, suspended, or cancelled. Only registered pesticides are legally permitted for
sale and use.

Insecticide Testing Laboratories: Insecticide Testing Laboratories are established at the central, regional,
and state levels to ensure quality control. These laboratories analyze pesticide samples collected from
manufacturers, distributors, and dealers to verify whether they meet prescribed standards. Testing plays a
crucial role in detecting sub-standard, misbranded, or spurious pesticides and protecting farmers from
unsafe products.
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* Central Integrated Pest Management Centers (CIPMCs): Central Integrated Pest Management Centers
focus on promoting safe and judicious use of pesticides. They provide training, awareness programmes,
and demonstrations to farmers, dealers, and extension workers. CIPMCs encourage integrated pest
management practices, reduce excessive dependence on chemicals, and promote environmentally
sustainable pest control methods.

Role of Licensing Officers and Insecticide Inspectors

At the field level, the implementation of the Insecticides Act is ensured through Licensing Officers
and Insecticide Inspectors. Licensing Officers are responsible for granting, renewing, suspending, or
cancelling licenses for the manufacture, sale, and distribution of pesticides. Dealers are legally required to
operate only under a valid license and comply with all license conditions. Insecticide Inspectors are entrusted
with enforcement duties. They inspect dealer premises, verify records, collect pesticide samples for testing,
and seize stocks that violate legal requirements. Inspectors also investigate complaints related to pesticide
quality and misuse. Pesticide dealers are duty-bound to cooperate fully with inspectors, produce records when
demanded, allow sampling, and provide truthful information regarding sourcing and storage of pesticides.

Key Regulatory Guidelines for Pesticide Dealers

To ensure safe handling and lawful sale of pesticides, dealers must strictly comply with the following
regulatory guidelines-

* Packing and Labelling Requirements

« Pesticides must be sold only in approved containers with proper packaging that prevents leakage,
contamination, or misuse. Labels must be clear, legible, and intact.

*  Mandatory Contents of Pesticide Leaflet

« Each pesticide package must include a leaflet containing information on dosage, method of application,
safety precautions, first-aid measures, antidotes, and warnings. Dealers must ensure that leaflets are
provided and not removed or altered.

* Rules on Transport of Pesticides

« Pesticides must be transported in a manner that avoids damage, spillage, or exposure to food articles,
animal feed, or passengers. Proper precautions must be taken during loading, unloading, and transit.

* Rules on Storage of Pesticides

«  Dealers must store pesticides in secure, well-ventilated premises, away from food items, seeds, and animal
feed. Storage areas should be clearly marked, locked, and accessible only to authorized persons.

* Disposal of Containers and Surplus Stock

« Used containers, expired pesticides, and surplus stock must be disposed of safely as per prescribed
guidelines. Improper disposal can cause environmental pollution and legal liability.

Mandatory Education and Training for Pesticide License Holders

Education and training are essential components of safe pesticide management. Pesticide dealers and
license holders are required to undergo mandatory training programmes to enhance their technical knowledge
and compliance awareness. The Diploma in Agricultural Extension Services for Input Dealers
(DAESI) conducted by MANAGE and certification programmes such as Certificate Course on Integrated
Pest Management (CCIM) by NIPHM are recognized training initiatives. These programmes equip dealers
with knowledge on safe pesticide handling, legal responsibilities, advisory services, and sustainable pest
management practices. Completion of prescribed training is increasingly linked to eligibility for licensing
and renewal, ensuring that only qualified and informed individuals are engaged in pesticide distribution.

Conclusion

The Insecticides Act, 1968 and the Insecticides Rules, 1971 form a comprehensive regulatory
framework aimed at ensuring the safe manufacture, distribution, and use of pesticides in India. The
effectiveness of this framework largely depends on the level of compliance by pesticide dealers, who serve as
a critical link between manufacturers and farmers. By adhering to licensing conditions, maintaining proper
records, ensuring safe storage and disposal, cooperating with enforcement authorities, and undergoing
mandatory training, dealers can play a vital role in safeguarding public health, environmental protection, and
sustainable agricultural practices. Strict compliance with the Act and Rules not only prevents legal
consequences but also promotes responsible pesticide management and long-term agricultural sustainability.
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14.3. A. Fertilizer Control Order, 1985; Fertilizer Movement and Control Order (FMCO), 1973;
Fertilizer Amendment Order, 2002/2023

14.3. B. DBT in Fertilizers, Sale of Fertilizers through e-POS Machine, Grant of License through
Online.

The fertilizer control order, 1985 is an order evolved from the section 3 of E.C Act 1955 and for penal
provision under section 7 of E.C Act 1955 to regulate the movement, quality assurance and fair distribution
of the chemical fertilizers to the public.

o Fertilizer was notified as essential commodity during 1957 vide G.O.I notification SRO 1048, Dt.
29.03.1977

e F.C.O was initially promulgated during 1957

e First time FCO modified during 1973 & second time during 1985

Need of DAESI programme: (Background)

Fertilizer is one of the important agri inputs in Agriculture. The fertilizers is mostly marketed through
dealers. Most of the farmers are dependent on fertilizer dealers for information related to fertilizer and soil
health management. However, majority of the fertilizer dealers do not have formal education in Agriculture.
Therefore, it is essential to impart technical knowledge on Agriculture with special reference to soil health
management and advisory based on scientific recommendations.

Promulgation of FCO 1985:

As the usage of fertilizer enormously increased, the strengthening of FCO by introducing
additional regulations was felt essential and FCO 1985 was promulgated with 39 clauses, in exercise
of power confirmed by section 3 of E.C Act 1985.

Subsequently with certain amendments the fertilizer (Control) amendment order 2002/2023
have been issued.

FCO is subordinate legislation and parent Act is E.C Act 1955.

FCO is for administrative action.

E.C Act for penal action sec 6-A and 7

FCO 1985 consists of 39 clauses, schedules VIII and 21 forms among forms, (2) two are important
for dealers. 1) Form J used for drawler sample. 2) Form L used for results.

The fertilizer (movement control) order 1973 consist of 4 clauses.

e E.CAct. 1955 consist of 15 sections.

Details of Schedules

e Schedule -1 - Deals with specification of fertilizer
e Schedule—1I - Deals with sampling of procedures.
e Schedule—1III - Deals with specifications of Bio-Fertilizer
e Schedule—1V - Deals with specifications of organic fertilizer
e Schedule-V - Delas with Non-edible de-oiled cake.
e Schedule— VI - Deals with specifications of Bio stimulants.
e Schedule—VII - Deals with specifications of Nano fertilizer
e Schedule — VIII - Delas with organic carbon enhancer.
Main Aim of F.C.O:

» Price control

» Regulation of trade
> Quality control

»  Fair distribution
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Types of Fertilizers Notified by G.O.I:

Straight Nitrogenous fertilizer.

Straight phosphatic fertilizer.

Straight potassic fertilizer.

Complex N + P fertilizer.

Complex N + P + K fertilizer.

Straight micro nutrients.

Fortified fertilizer.

Water soluble fertilizer.

Potassium Magnesium complex fertilizer.

FCO Samples Tested For:

Nutrient content
Moisture
Particle size
Impurities

PH

Licensing Process: (cL.8)

A) Documents Required:
1. Application form ‘A’ (cl.8)
2. Challan / fees — Rs. 2,500/- Retail, Rs. 4,500/- Whole sale (c1.36)
3. Source of certificate (cl 2(b))
4. KYC of the applicant
5. Rental deed / ownership certificate.
B) Grant of License: (cl.9)

The registering authority / notified authority shall grant a certificate of registration (C.R.) in form ‘B’
with in (30) days. The period of validity will be (5) years (cl.10) and if any person intends to continue the
business may approach the registering authority before expiry of validity / with a grace period of one month
for renewal along with fees (cl.11) and the certificate of registration will be renewed.

Maintenance of Outlet Records and Submission of Records: (cl.35)
Display of sign board of the outlet.

Display of C.R of conspicuous place. (cl.7)

Display of stock and price board. (cl.4)

Dealer to issue cash / credit memorandum. (cl.5)

Stock register in form ‘N’.

Bill books in form ‘M.

The stocks have to be stored in countable manner

Monthly reports relating to his business for the preceding month have to be submitted to fertilizer
inspector and registration authority by 5" of every month.
Restriction on Sale on Non — Standard Fertilizers: (cl.19)

NN

No person shall sale or offer for sale any fertilizer which is not of prescribed standard. This type of
offence attracts the provision of sec 7 of E.C Act.1955.

Sale of Fertilizer in Smaller Quantites: (cl.22)

A retail dealer may retain at any time one bag of each variety of fertilizer in an open and unsealed
condition for the purpose of sale.

Powers of Inspector: (cl.28)

e Entry in to the premises at all the reasonable times and securing information of fertilizer.
e Drawal of samples of any fertilizer.
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e  Search of any premises.
o Issue of stop sale (21 days) seizure of fertilizers on valid grounds.
e Seizure of books of accounts.

Time Limit for Analysis: (cl.30)

Dispatch of samples to lab after drawal - (3) working days.
Analysis at laboratory — (15) days.

Communication of the results to the dealer — (7) days.
Analysis of referee sample — (15) days.

Suspension / Cancellation of Licence: (cL.31)

The licensing authority may suspend the license of any dealer for contravention of any provisions of
FCO after giving the opportunity of being heard for a period of not exceeding (15) days.

Appeal: (cl.32-A)

Any person aggrieved by an order of registering authority refusing to grant or renew, suspending /
cancelling the license may with in (30) days from the date of order appeal to the appellate authority.

Grant of Duplicate Copies of Letter of Authorization: (cl.33)

Any person / dealer may submit an application to registering authority for issue of duplicate copies
of letter of authorization on payment of prescribed fees.

Ammendment of Authorization Letter: (cl.34)

The holder of an authorization letter may submit an application for amendment, along with prescribed
fees.

TYPES OF OFFENCES:

1. Non-Cognizable Offences (Rectifiable Defects)

Non display of stock and price board — cl.4

Non issue of cash / credit bills — cl.5

Non display of certification of authorization — cl.7
Without form ‘O’ —¢l.2 (b)

Non maintenance stock and bill books — cl.35 (1)

Administrative action:

Stop sale — c1.28 (1)
Seizure of stock — ¢l 28 (1)(d)
Suspension / cancellation of C.R —cl. 31 (2)
o Confiscation of stock — sec 6-A of E.C Act 1955.
2. Cognizable Offences: (Non-Rectifiable Defects)
e Seling at more than MRP —cl.3
e Selling without CR —cl.8
o Selling adulated fertilizers — cI-19
o Selling fertilizers to non-agriculture use — cl.25

Legal Action:

o Confiscation of stock u/s 6A of E.C Act 1955.
o Filing charge sheet r/w section 7 of E.C Act 1955
e Filing charge sheet u/s 318 of BNS 2023.
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COMMON ADULTARENTS IN FERTILIZERS:

Common salt in urea.

Red sea sand in MOP.

Granulated super sold as DAP.

Gypsum mixed with powder shape SSP.

Magnesium sulphate in Zinc sulphate.

Low price fertilizers mixed in high price fertilizer bags.

POWER OF ENTRY, SERACH, SEIZURE etc., (cl.4 of FMCO 1973) Fertilizer Movement Control
Order

Any inspector of fertilizers or any police officer not below the rank of head constable may:

a. Stop and search any person or any vehicle.

b. Enter and search any place.

C. Seize any fertilizer along with receptacle on valid grounds and may file charge sheet in the appropriate
court.

ESSENTIAL COMMODITIES ACT 1955:
6.A  Seizure of essential commodity by fertilizer inspector and filing charge sheet in the competent court.

6.B  Issue of show cause notice before confiscation of essential commodity, by the Additional Collector /
Dist. Collector as the case may be.

6.C  Appeal by the accused dealer with in (30) days.
6.D  Award of confiscation by the Additional Collector / Dist. Collector.
PENALTIES: (sec 7 of EC Act 1955)

If any person contravenes any order made in the section 3, he shall be punishable for a term which
shall not less than (3) months but which may extend to (7) years imprisonment, shall also liable to fine.

FERTILIZER AMMENDMENT ORDER 2002 / 2023:

Requisition of the dealer with in (15) days after receipt of result.

Designated officer will send the sample to NTH with in (3) days after receipt of requisition from dealer /
distributer.

Referee laboratory will analyze the sample with in (15) days.

The designated officer shall send the III rd sample to CFTRI Faridabad within (3) days.

The CFTRI will analyze the sample with in (15) days and communicate the generated report within (3)
working days.

The designated officer will communicate both the results with in (3) working days to the concerned dealer /
distributer.
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Online Licence Management System-Grant of Input Licences to the Dealers Mandated under Relevant
Acts

e Seed, Fertilizers & Pesticides are the main inputs in Agriculture.

o The sale of these (03) inputs namely, Seeds, Fertilizers and Pesticides are governed by the relevant
Acts / Orders.

e The Manufacturers / Dealers are required to obtain permissions from the designated Licensing
Authorities.

e There are 3 categories of Licenses for inputs, namely, New Licenses, Amendments to the Licenses &
Renewal of Licenses for the Manufacturers, Distributors and Retailers for Seed, Fertilizer and
Pesticide.

Online Licence Management System (OLMS) — Key Features:

To facilitate quick delivery, time-saving, efficient, transparent, and seamless services—while eliminating
paperwork and ensuring secure data retention—the Online Licence Management System (OLMS) has been
successfully designed, developed, and implemented for the grant of Input Licenses.

The Key Features of the System are as Follows:

e User Credentials: Each applicant receives individual login credentials upon approval from the
concerned authority.

e Draft Saving Functionality: Applicants can save partially filled applications and complete them at
their convenience.

e Dual Workflow for Faster Processing: The system enables parallel processing of document
verification and field inspection, significantly reducing turnaround time. Applicants can also re-
submit any shortfall documents promptly.

e Real-time Application Tracking: Applicants can track the status of their application through their
personal login at any stage of the process.

e SMS Notifications: On successful approval and generation of the license, an SMS alert is sent to the
applicant.

o Digital Certificate Access: The digitally signed license certificate is available for download from the
applicant's portal login.

Process Flow:
The Stake Holders in the Present OLMS:

Dealers / Firms

Mandal Agriculture Officers

Assistant Director of Agriculture

District Agriculture Officers

Officers from Fertilizers section, O/o C&DA
SEDOTS

Role of Applicant:

1. Retailer: Applies for Grant of fresh / amendment / renewal of retail licenses to the ADA (Regular), of his
jurisdiction with all the documents as per checklist.

1.1. Wholesaler at District level: Applies for Grant of fresh / amendment / renewal of Wholesale licenses to
the DAO of the district, where he is intending to carry the business, with all the documents as per checklist.

1.2. Wholesaler at State level: Applies for Grant of fresh / amendment / renewal of Wholesale licenses to the
C&DA to carry the business, in the entire State, with all the documents as per checklist.
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1.3. Manufacturer and Marketer at State level: Applies for Grant of fresh / amendment / renewal of
Manufacturer and Marketing licenses to the C&DA to carry the business, in the entire State, with all the
documents as per checklist.

1.4. Manufacturer at State level: Applies for Grant of fresh / amendment / renewal of Manufacturer licenses
to the C&DA to manufacture, sell offer for sale carry the business, in the entire State, with all the documents
as per checklist.

2. The Manufacturers / dealers shall follow the timelines stipulated asper FCO for renewals. (30 days after
expiry of the validity of the license)

3. The dealers shall ensure that proper compliances while requesting for inclusion of form-Os. (wholesale,
manufacturer form-O) Form-O shall be filled with clear and correct details from the issuing wholesaler /
company.

4. The documents to be furnished by the dealers shall be correct and complete in all respect.
5. All the documents should be scanned pdf with file size less than 2MB.

6. The naming convention of the pdfs should be according to the file name of the documents to be uploaded
in accordance with the document name in the application form.

7. Document having more than one page should be merged into single pdf with file size less than 2MB.
i. Ensure signature of the applicant at all relevant locations with date.
ii. Before applying ensure that all the pdfs are available with right naming convention on the desktop.

8. The challan drawn for the purpose cannot be reused.

SL New Licence Amendment | Validity of the
No. Type (Fee) Renewal (Fee) (Fee) Licence
1 Retail Licence 2500/- 2500/- 1000/- 5 years
2 Whole sale District 4500/- 4500/- 1000/- 5 years
3 Wholesale State 4500/- 4500/- 1000/- 5 years
4 Manufacture and
Marketing 4500/- 4500/- 1000/- 5 years
> Manufacturing - Licence | 56, 5000/- 1000/- 5 years
(Form-F)

Mandal Agriculture Officer:
1. The MAO is the point of contact at Mandal level to all the end users of the OLMS.

2. The MAO shall be familiar with OLMS in guiding the users of all categories i.e,. New, Renewals and
Amendments.

3. The verifying authority for new entrants shall be MAO for the Divisional level licenses. (Verification of
the challan enabling the applicant to receive Log-In credentials)

4. The verifying authority for new entrants shall be the DAO for the District level licenses. (Verification of
the challan)

5. The verifying authority for new entrants shall be the ADA (FCO), O/o C&DA for all the State level licenses.
(Verification of the challan)

6. The inspections assigned to the MAOs at retail level and MAOs / ADAs selected randomly at district level
and State level shall be carried out in timely manner and forward to next authority with remarks of the
inspecting Officer
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Assistant Director of Agriculture (REGULAR):
1. Licensing Authority for grant of new / amendment / renewal of Retail Licenses issued at Division Level.

2. The ADA will process the District, State level wholesale, manufacturing licenses (Form-F and Form-A2)
and forwards with remarks to the next higher authority.

3. The application shall be returned for document inadequacy and any shortfall information for compliance
for wholesale licenses at district level.

District Agriculture Officer:
1. Licensing Authority for grant of new / amendment / renewal of Wholesale Licenses issued at District Level.

2. The DAO will process the State level wholesale, manufacturing licenses (Form-F and Form-A2) and
forwards with remarks to the next higher authority.

3. The DAO may carry out the inspections or forward without inspection for the applications for grant /
renewal / amendment of State Level Manufacturing/ wholesale licenses.

4. The application shall be returned for document inadequacy and any shortfall information for compliance
for District Level Wholesale licence.

Assistant Director of AgriculturE (FCO), O/O C&DA:
1. The ADA (FCO) is the point of contact at O/0 C&DA for all State level Licences.

2. The ADA (FCO) shall be familiar with OLMS in guiding the users of all categories i.e,. New, Renewals
and Amendments at State level.

3. The verifying authority for new entrants shall be the ADA (FCO) for all the State level licences.
(Verification of the challan enabling the applicant to receive Log-In credentials)

4. Any discrepancies in User ID credentials for all State Level Licences ADA (FCO) will be the point of
contact.

5. The final authority for document adequacy is the ADA (FCO).
Agriculture Officer (FCO), O/O C&DA:

1. The AO (FCO) shall be the merging point of all the applications received from the DAOs and the applicant
(for Document adequacy)

2. The AO (FCO) shall be familiar with OLMS in guiding the users of all categories i.e,. New, Renewals and
Amendments.

3. Soon after the application is made by the firm, the application along with the documents reaches AO (FCO)
Log-In for checking document adequacy.

4. In case of document inadequacy the application shall be returned to the firm for compliance of the
shortfalls.

5. After receiving the inspection reports from the DAO concerned, the adequate application in the cloud along
with the inspection reports of DAO together will be processed by AO (FCO) to next level.

JOINT DIRECTOR OF AGRICULTURE (FCO), O/O C&DA:

1. The JDA will process the State level wholesale, manufacturing licences (Form-F and Form-A2) and
forwards with remarks to the next higher authority.

2. The application shall be returned for document inadequacy or any shortfall information for compliance to
the applicant.
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3. After attending the compliances, the re-submitted application by the applicant will reach one down the
level officer in the O/o C&DA.

ADDITIONAL DIRECTOR OF AGRICULTURE (FERTILIZERS), O/O C&DA:

1. The Addl. DA will process the State level wholesale, manufacturing licences (Form-F and Form-A2) and
forwards with remarks to the next higher authority.

2. The application shall be returned for document inadequacy and any shortfall information for compliance
to the applicant.

3. After attending the compliances, the re-submitted application will reach one down the level officer in the
O/o C&DA.

COMMISSIONER OF AGRICULTURE, O/O C&DA:

1. The Commissioner of Agriculture is the Licensing Authority for Manufacturing and Wholesale dealers at
State Level.

2.The Commissioner will process the State level wholesale, manufacturing licences (Form-F and Form-A2)
and approves the same as per eligibility or return / reject.

3. The application shall be returned for document inadequacy and any shortfall information for compliance to
the applicant.

4. After attending the compliances, the re-submitted application will reach one down the level officer in the
O/o C&DA.

CHECK LIST OF DOCUMENTS:

i.  Details of the Applicant
ii.  Qualification of the applicant
iili.  Details of the Sale point
iv.  Details of the Godowns
V.  Details of the Person Responsible
Vi.  Details of the Products of Form-O
vii.  Details of the Challan

viii.  Documents to be uploaded
iX.  Generate Form Al
X. Submit signed Form-A1 Application
Xi.  The system allows multiple amendments under a single application and challan upload.

Conclusion and Usage Tips:

OLMSFERTI empowers fertilizer dealers in Telangana to obtain, renew, or modify their licenses with
ease, reinforcing transparency and efficiency in regulatory compliance.

Best practices:

. Register early on the official portal.

. Ensure all mandatory documents are scanned and legible.

. Pay the correct fee (challan amount).

. Track status within the portal regularly for feedback or inspection call.
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14.4. A. Essential Commodity Act, 1955
14.4. B .Consumer Protection Act, 1986; Food Adulteration Act, 1954/1976/2006
14.4. C.APMC Act, 14.4 D. Sales Tax / GST, etc

Introduction

Agricultural input dealers play an important role by connecting companies that produce seeds,
fertilizers, and pesticides with the farmers who need them. They must follow specific laws and rules to ensure
their business is fair and honest. These include the Essential Commodities Act, 1955; Consumer Protection
Act, 1986; Food Adulteration Acts (1954, 1976, and 2006); the Agricultural Produce Market Committee
(APMC) Act and the Sales Tax/Goods and Services Tax (GST) regime. These regulations help make sure
dealers provide good quality products, keep proper records, and treat customers fairly. This chapter examines
why these laws matter and how they help protect farmers, improve product safety, and keep agricultural
markets running smoothly.

14.4. A. Essential Commodities Act, 1955

The Essential Commodities Act (ECA), 1955 was enacted to ensure key goods like fertilizers, seeds,
and pesticides were available at a fair price. Further, as per the act, seeds can be sold in packaged form and
not loose. It helped stop hoarding and black marketing by allowing the government to control how these goods
were produced, stored, and sold.

For agriculture input dealers, this meant:

They had to follow strict stock limits, even during high-demand periods.
Holding extra inventory could lead to penalties.

Pricing and supply decisions were tightly regulated.

Regular inspections made operations more difficult.

However, the ECA 1955 was amended in 2020. The 2020 Amendment aimed to reduce restrictions and
encourage private investment in agriculture. Major updates included:

o Relaxed Stock Limits: Items like cereals, pulses, onions, and potatoes were removed from the
“essential” list. Limits can now be imposed only during emergencies like war, famine, or significant
price hikes.

e Price-Based Rules: Stock limits are allowed only if prices rise sharply by 100% for perishable goods
and 50% for non-perishables, compared to the previous year or five-year average.

o Exemptions for Dealers: Input dealers involved in processing or exporting are unaffected by stock
limits if their inventory matches their processing capacity or export demand.

14.4. B. The Consumer Protection Act of 1986

The Consumer Protection Act of 1986 marked a turning point in India’s legal framework for
defending consumer rights. It was designed to shield buyers from exploitation through faulty products, subpar
services, and unethical business practices. This legislation formally recognized essential consumer rights,
including the right to safety, accurate information, freedom of choice, fair hearing, and proper grievance
redressal. A notable highlight of the Act was its creation of a three-level judicial system—spanning district,
state, and national forums—that made legal remedies more accessible and swift. Individuals could pursue
justice without hiring legal representation, making the process affordable and straightforward. Over time, the
Act played a vital role in empowering citizens to challenge malpractice and strengthening the ethos of
consumer consciousness. In 2020, it was superseded by the Consumer Protection Act, 2019, which
introduced more robust provisions for the digital age, such as tackling fraud in e-commerce and false
advertising.
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The Consumer Protection Act, 2019, was enacted to safeguard the rights of consumers and ensure fair
practices in the sale of goods and services. It replaced the earlier 1986 Act and introduced stronger mechanisms
for grievance redressal, including:

Establishment of Consumer Disputes Redressal Commissions at the district, state, and national levels.
Creation of the Central Consumer Protection Authority (CCPA) to investigate unfair trade practices.
Consumer rights now include important protections like:

Product liability — if something you buy is unsafe or causes harm, the company can be held
responsible.

E-commerce rules — when shopping online, you’re protected from scams, misleading information,
and unfair returns.

Mediation — if there's a dispute between you and a seller, you can get help to solve it without going
to court.

Relevance to Agriculture Input Dealers

Agriculture input dealers directly sell products like seeds, fertilizers, and pesticides to farmers. Under the
Consumer Protection Act, they are considered service providers or sellers, making them accountable for:

Quality and safety of the inputs they sell.

Accurate labeling and truthful claims about product performance.

Fair pricing and transparent transactions.

Redressal of complaints if a farmer faces losses due to defective or substandard inputs.

Key Implications for Input Dealers

Area Responsibility Under CPA, 2019
Product Quality Must ensure inputs meet prescribed standards and are not counterfeit
Misleading Claims Avoid exaggerated or false claims about yield or effectiveness.
Billing & | Provide proper invoices and maintain records of transactions.
Documentation

Complaint Handling Address farmer grievances promptly and cooperate with redressal bodies.

Liability for Damages | May be held liable if defective inputs cause crop failure or loss

Food Adulteration Act, 1954/1976/2006

Food adulteration refers to the deliberate contamination or degradation of food by adding harmful

substances or removing valuable components. It poses serious risks to public health, including food poisoning,
long-term illnesses, and loss of consumer trust. In post-independence India, rising concerns over unsafe food
led to enacting the Prevention of Food Adulteration Act (PFA), 1954—the country’s first nationwide law to
tackle this issue. Later, it was amended in 1976. PFA 1954 & 1976 focused on criminal punishment with
mandatory imprisonment, even for minor offenses. Then, the Food Safety and Standards Act, 2006, was
enacted to consolidate various food laws in India and establish the Food Safety and Standards Authority of
India (FSSAI), which introduced a graded penalty system, emphasizing monetary fines and corrective actions
over imprisonment. FSSA also includes compensation for victims, food recall procedures, and adjudication
mechanisms.
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Offences and Punishments for Food Adulteration

Offense Type

PFA Act, 1954

PFA Amendment, 1976

FSSA Act, 2006

Adulterated Food (Not
Injurious)

6 months-3  years
imprisonment + 1,000
fine

Same as 1954

Penalty up to 32 lakh

Adulterated Food
(Injurious to Health)

1-6 years imprisonment
+ 32,000 fine

Minimum 1 year—6 years
+32,000 fine

Penalty up to 310 lakh

Adulteration Causing
Death

3 years—life
imprisonment + 5,000
fine

Minimum 3 years-life
imprisonment + 5,000
fine

Life imprisonment +
compensation to the
victim

Misbranding

Treated similarly to
adulteration

Same as 1954

Penalty up to X3 lakh

Contraventions

False Warranty Imprisonment up to 1 | Same as 1954 Penalty up to %5 lakh
year + fine
Obstruction of an |6 months—2  years | Same as 1954 Imprisonment up to 3
Inspector imprisonment + 1,000 months + fine
fine
Unlicensed Operation | Not clearly defined Not addressed Up to 6 months
imprisonment + X5 lakh
fine
Misleading Not explicitly covered | Not addressed Penalty up to %10 lakh
Advertisement
General Case-by-case basis Same Penalty up to 32 lakh

14.4. C. Model APMC Act, 2003

The Model Agricultural Produce Marketing Committee (APMC) Act, 2003, was introduced by the
Government of India to guide states in reforming their agricultural marketing laws. Since agriculture is a state
subject, each state has its own APMC Act—the 2003 model aimed to make these laws more farmer-friendly
and market-efficient.

The main objectives of the APMC Act, 2003

e Allow direct marketing between farmers and buyers without middlemen.

e Promote private markets, contract farming, and consumer/farmer markets.

e Improve transparency, reduce exploitation, and ensure better prices for farmers.
Salient Features

Farmers can sell produce directly to retailers, processors, or exporters.
Establishment of private market yards and direct purchase centres.
Legal framework for contract farming agreements.
Single-point levy of market fees to reduce the cost burden.

e Encouragement of e-trading and modern infrastructure.
Expected outcomes

e Helps reduce the role of middlemen and extended supply chains.
e Encourages competition and better price discovery.
e  Supports agro-processing industries with smoother raw material supply.
The Model APMC Act took newer reforms like the Farmers’ Produce Trade and Commerce Act, 2020
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Comparison between the Model APMC Act, 2003, and the Farmers’ Produce Trade and Commerce
(Promotion and Facilitation) Act, 2020

Feature Model APMC Act, 2003 Farmers’ Produce Trade & Commerce Act,
2020

Jurisdiction State-level legislation Central legislation

Market Access Farmers can sell outside APMC | Farmers can sell anywhere in India, including
mandis, but states regulate it outside APMC mandis

Market Fees Levied by APMCs even on | No market fees in trade areas outside APMCs
private markets

Licensing Traders need licenses from | Any PAN card holder can trade in farm produce
APMCs

Contract Farming

Permitted under state laws

Legal framework provided under a separate
central law

Infrastructure Encourages private markets, but | Promotes barrier-free trade and private
with state-imposed conditions investment
Implementation Only ~50% of states adopted it | Applicable nationwide, but faced resistance

fully

from some states

Farmer Protection

Dispute  resolution  through

Dispute resolution via conciliation boards and

APMC committees

Sub-Divisional Magistrates

14.4. D. Sales Tax (Before, 2017)

Sales tax was a state-level indirect tax levied on the sale of goods. Each state had its rules, rates, and
exemptions, making the system complex and inconsistent.

- Levied by states on intra-state sales.

- Different rates across states.

- No input tax credit, leading to a cascading effect (tax on tax).

- Applied only to goods, not services.

- Compliance was complicated for businesses operating in multiple states.
Goods and Services Tax (GST) — Introduced on July 1, 2017

GST is a unified national indirect tax that replaced sales tax, VAT, excise duty, and service tax. It
applies to both goods and services and is designed to simplify taxation and promote a common market.
Key Features:

One Nation, One Tax: Uniform tax rates across India.

Multi-stage tax: Levied at every point of value addition.

Input tax credit: Businesses can claim credit for taxes paid on inputs.

Destination-based: Tax revenue goes to the state where goods/services are consumed.

Covers CGST (Central GST), SGST (State GST), and IGST (Integrated GST) for inter-state
trade.

As 0f 2025, businesses in India must register for GST if their annual turnover exceeds 340 lakhs for goods
and 20 lakhs for services in most states. In special category states (like North-Eastern and hilly regions), the
limits are lower—X20 lakhs for goods and 10 lakhs for services. Small businesses can opt for the
Composition Scheme with simplified tax rates if their turnover is up to X1.5 crore for goods or Z50 lakhs for
services. Voluntary registration is also allowed for businesses below these thresholds.

Relevance to Agriculture Input Dealers

Agriculture input dealers sell products like seeds, fertilizers, pesticides, and farm machinery. Under
the GST regime, these items are taxed at different rates, directly affecting pricing, compliance, and business
operations.

162 |Page



/
) )
\{
n r—\ Diploma in Agricultural Extension Services for Input Dealers (DAESI)
WANAGE]

FFyF T

S

1. GST Rates on Agricultural Inputs

Input Type GST Rate Examples
*Seeds for sowing 0% Paddy, wheat, vegetable seeds
Fertilizers 5% Urea, DAP, NPK
Pesticides 18% Insecticides, herbicides
Farm machinery 12% Tractors, harvesters
Manual tools 0% Sickles, ploughs

* Processed or treated seeds (e.g., chemically coated or branded) may attract GST. Services like packaging,
warehousing, or transport of seeds by seed companies are not exempt. Seeds not used for sowing (e.g., for
consumption or industrial use) may fall outside HSN 1209 and be taxable.

2. Input Tax Credit (ITC)

e Dealers can claim credit for GST paid on purchases (e.g., buying fertilizers from manufacturers).
o  This reduces overall tax liability and improves profit margins.
3. Simplified Tax Structure

e  GST replaced multiple taxes like VAT, excise, and service tax.
e Dealers now follow a single, unified tax system, making compliance easier.
4. Interstate Trade Benefits

¢  GST removed barriers, allowing smoother movement of goods across states.
e Dealers can expand their business without worrying about state-specific taxes.
5. Digital Compliance

e Dealers must register under GST and file returns online.
o The use of e-way bills to transport goods improves transparency and reduces tax evasion.
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14.5. Business Ethics

1. Objectives
Understand the principles of business ethics in agri-input trade.
Promote responsible and ethical practices among agri-entrepreneurs.
2. Introduction

Business ethics means applying moral principles and values to guide decisions in business. In the
agri-input sector, ethical conduct ensures farmers get quality inputs, fair advice, and trustworthy service,
helping both farmers and dealers build sustainable relationships.

3. Definition

Business ethics refers to a set of standards that guide fair, honest, and responsible behavior in
business. It ensures transparency, compliance with laws, and respect for stakeholders like customers,
suppliers, employees, and society.

In agri-input trade, it means:

e  Selling only genuine products
Giving correct information
Fair pricing and billing
Treating all customers equally
Following all legal norms

4. Importance of Business Ethics

e Builds Farmer Trust: Genuine advice and fair dealings create long-term customer loyalty.

e Reputation Building: Ethical conduct earns community respect and improves relationships with suppliers
and officials.

e Sustainable Profits: Ethical business grows steadily with customer satisfaction and legal safety.
Legal Compliance: Avoids penalties and ensures smooth functioning.

e Farmer Welfare: Promotes productivity, safe input use, and better livelihoods.

o Industry Relations: Attracts projects and partnerships from companies and government.

e Motivates Learning: Dealers stay updated with new technologies and responsible innovation.

5. Principles of Business Ethics in Agri-Input Trade
5.1 Honesty & Transparency

Give factual product information.

Avoid false advertising.

Maintain fair pricing and issue proper bills.
5.2 Quality & Safety

Sell only certified products.

Store inputs properly.

Avoid expired or fake inputs.
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5.3 Fair Trade Practices

No hoarding or black marketing.

Do not overcharge or misinform.

Maintain accurate records and provide bills.
5.4 Customer Respect & Service

Listen to farmers' needs patiently.

Provide guidance in local language.

Avoid discrimination; treat all equally.
5.5 Legal & Regulatory Compliance

Follow licensing norms.

Display licenses at shop.

Cooperate with inspections and record-keeping.
6. Responsible Practices for Agri-Entrepreneurs
6.1 Ethical Marketing

Promote scientifically backed products.

Avoid pressure-selling or fake offers.
6.2 Social Responsibility

Conduct farmer training programs.

Help farmers’ access government schemes.
6.3 Continuous Learning

Attend DAESI and refresher training.

Stay informed about new inputs, regulations, and safe practices.
Conclusion

Ethics are the backbone of sustainable business. Agri-entrepreneurs who are honest, transparent, and
service-oriented not only succeed in business but also contribute to the growth of Indian agriculture.
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Module XV: GOVERNMENT SCHEMES RELATED TO AGRICULTURAL SECTOR

15.1. Major Flagship Schemes of Central Government related to Agriculture and Allied Sectors

The Government of India has launched several flagship programmes to promote sustainable agricultural
development, enhance farmers’ income, and strengthen the rural economy. These schemes aim to provide
support in areas such as agriculture, irrigation, animal husbandry, fisheries, horticulture, processing,
marketing etc. It is essential for agricultural input dealers to be well-informed about these schemes, so that
they can effectively guide farmers in availing the benefits and implementing improved technologies at the
field level. At the end of this chapter, input dealers will be able to:

Understand key schemes like PM-KUSUM, PM-FME, AIF, PM-RKVY etc and their objectives.
Recognize funding patterns, beneficiaries, and operational guidelines.

Appreciate the schemes’ impact on farmer income, rural employment, and sustainable agriculture.
Guide farmers, SHGs, and FPOs in accessing scheme benefits and adopting modern agricultural
practices.

1. Pradhan Mantri Matsya Sampada Yojana (PMMSY)

India has rich and diverse fisheries resources spread across marine, inland, and aquaculture systems.
However, challenges such as low productivity, post-harvest losses, and limited infrastructure have constrained
growth in this sector. To address these issues, the Pradhan Mantri Matsya Sampada Yojana (PMMSY) was
launched in 2020 by the Department of Fisheries, Ministry of Fisheries, Animal Husbandry and Dairying. The
scheme has been extended up to 2025-26 with a total investment of 320,050 crore. It is an umbrella
programme aimed at the holistic development of the fisheries sector. Under this scheme, Department approved
fisheries development projects of worth Rs.21, 274.16 crore by 22 July, 2025. The scheme has contributed
significantly to creating both direct and indirect employment in fisheries and allied activities. These include
fishing, aquaculture, pond preparation, processing, transportation and marketing. PMMSY continues to play
a key role in strengthening livelihoods across the sector. The scheme supports the long-term transformation
of the fisheries ecosystem by promoting formalisation, insurance coverage, access to finance, and quality
assurance across the value chain (PIB, 2025). Application can be done through district fisheries officers of
domicile district (for central sponsored scheme) while the project proposal need to be sent to Department of
fisheries, GOI for central sector scheme.

Objectives:

Develop the fisheries sector in a sustainable and inclusive way.

Raise fish production by making better use of land and water resources.
Upgrade facilities for storage, processing, and quality improvement.

Double the income of fishers and fish farmers and create more jobs in the sector.
Increase the fisheries sector’s share in agricultural growth and exports.

Provide better social and financial support for fishers and their families.
Establish effective systems for fisheries management and regulation.

Beneficiaries:

Fishers, fisher women, fish vendors; fisheries corporations, cooperatives & federations; SHGs/JLGs,
FPOs/companies, entrepreneurs/private firms; SCs/STs, women & differently abled.

Funding
i. Central sector scheme: 100% sponsored by Central Government
ii. Central Sponsored Scheme

e North Eastern &Himalayan States:90% Central,10% State
e  Other States:60% Central,40% State
e  Union Territories:100% Central
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Key Components / Activities Supported

Development of fishing harbours, landing centres, and cold chain facilities.
Promotion of cage culture, ornamental fisheries, and seaweed cultivation.
Assistance for aquaculture insurance and livelihood diversification.

Capacity building, training, and skill development for fishers and fish farmers.
Promotion of digital platforms and e-Governance in fisheries management.

Implementing Agencies

The scheme is implemented by both central and state governments along with their entities like
national and state fisheries development boards.

PM Matsya Kisan Samridhi Sah-Yojana (PM-MKSSY)

It is a sub scheme approved under PMMSY in February 2024. It will be implemented from 2023-24
to 202627 with an estimated outlay of 36,000 crore. The sub-scheme focuses on addressing sectoral gaps
and strengthening fisheries through financial, technological, and institutional reforms for long-term growth.
For early implementation of this sub-scheme, a total of ¥11.84 crores sanctioned by April 2025 (PIB, 2025).

Case 1: From Survival to Revival: A PMMSY Success Story: During FY 2020-21, Shri Kapil Talwar
from Khatima, Udham Singh Nagar, Uttarakhand, was selected as a beneficiary under the Pradhan Mantri
Matsya Sampada Yojana (PMMSY) to set up a large Biofloc fish farming unit comprising 50 tanks. He
received 40% financial assistance on the total project cost of 50 lakh and invested the balance from his own
resources. With guidance from the Department of Fisheries, Uttarakhand, he successfully cultured
Pangasius and Singhi species, ensuring round-the-year seed availability and disease management. The
initiative revived his livelihood after the COVID-19 pandemic and created employment for seven local
people, making him a model entrepreneur in the region.

2. Animal Husbandry Infrastructure Development Fund (AHIDF)

The Animal Husbandry Infrastructure Development Fund (AHIDF) was launched in June 2020 under
the Atmanirbhar Bharat Abhiyan to promote private investment and entrepreneurship in the livestock
sector. Implemented by the Department of Animal Husbandry and Dairying, the scheme has been extended
up to 2025-26 with a total outlay of ¥29,610.25 crore. It focuses on strengthening infrastructure for dairy,
meat, and feed industries to create value addition and employment in rural areas. The incentivization under
AHIDF is expected to attract nearly seven times more private investment while encouraging farmers to
enhance their spending on quality inputs, ultimately boosting productivity and leading to higher farm incomes.
Application can be done through website: https://ahidf.udyamimitra.in/

Objectives:

e Enhance milk and meat processing capacity and diversify products, linking rural producers to
organized markets.

e Improve price realization for producers.

e Ensure availability of high-quality milk and meat for domestic consumers.

e Address protein deficiency and malnutrition, especially among children.

e Foster entrepreneurship and generate employment.

e Promote exports and boost the sector’s global contribution.

e Provide affordable, quality concentrated feed for livestock and poultry to ensure balanced nutrition.

Beneficiaries: Farmer Producer Organization (FPO), Private companies, Individual entrepreneurs, Section 8
companies and Micro Small and Medium Enterprises.

Funding/ Loan avail
*  90% of project cost for micro and small units.
o 85% for medium enterprises.

e 75% to other enterprises. The remaining portion is contributed by the beneficiary as margin money
or equity. Repayment can be made over eight years, including a two-year moratorium on principal
repayment. Credit Guarantee Fund for MSMEs and no limit on term loan.
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Implementing mechanism

The AHIDF functions as a credit-linked capital investment scheme, implemented through scheduled
banks and financial institutions. The Department of Animal Husbandry and Dairying provides 3% interest
subvention to eligible borrowers for a maximum of eight years, including a two-year moratorium period. The
National Bank for Agriculture and Rural Development (NABARD) and other banks play a key role in
disbursing funds and ensuring proper monitoring. State Animal Husbandry Departments facilitate awareness
creation, proposal verification, and capacity building at the field level.

Activities Eligible under AHIDF:

Dairy Processing, Meat processing and Value addition of facilities, Animal Feed manufacturing units
and strengthening of existing, Breed Improvement Technology and Breed Multiplication Farm, Setting up of
Veterinary Vaccine and Drugs Production facilities and Animal Waste to Wealth Management.

Case 2: Scaling Sustainable Poultry Processing: Sneha Farms’ AHIDF Success

With AHIDF support, Sneha Farms expanded its poultry processing capacity from 6,000 to 12,000
birds per hour, upgraded cold storage facilities, and installed a 1 MW solar power plant, enhancing efficiency
and sustainability. By collaborating with local contract farmers, the company achieved a turnover of 398.63
crore in FY 2023-24, with projected revenues of 2204.64 crore. The scheme was a game-changer, providing
timely financial support, enabling innovation, and facilitating scalable, sustainable growth in poultry
processing.

3. National Livestock Mission (NLM)

The livestock sector is a cornerstone of rural livelihoods in India, providing food, income, and
employment to millions of farmers and rural households. Despite its potential, the sector has historically been
fragmented, with low productivity and limited access to organized markets. To address these challenges and
promote entrepreneurship, the National Livestock Mission (NLM) was launched by the Department of Animal
Husbandry & Dairying, Government of India, in 201415 and revised in 2021-22. The mission aims to create
livestock entrepreneurs, enhance breed quality, and generate employment, particularly in poultry, sheep, goat,
and piggery, including feed and fodder development. Applications are submitted through the NLM Portal:
udyamimitra.in. The three sub-missions under NLM includeSub-mission on Breed Development of
Livestock and Poultry: Focus on genetic improvement of cattle, sheep, goat, pigs, and poultry and Promotion
of artificial insemination, selective breeding, and conservation of indigenous breeds.

Sub-mission on Feed and Fodder Development: Production and distribution of quality fodder seeds and
Promotion of silage, hay, hydroponics, and cattle feed manufacturing units.

Sub Mission on Innovation and Extension: Development and demonstration of new livestock technologies
and Capacity building, entrepreneurship training, and digital advisory services for farmers.
Objectives:

e Generate employment through entrepreneurship in small ruminants, poultry, piggery, and fodder
sectors.

Improve per-animal productivity via breed improvement.

Increase production of meat, eggs, milk, wool, and fodder.

Strengthen fodder seed supply and promote fodder processing to meet demand.

Encourage livestock risk management, including insurance.

Promote applied research in poultry, sheep, goat, feed, and fodder.

Build capacity of state functionaries and farmers through extension services.

Provide skill-based training and technology dissemination to reduce costs and enhance livestock
production

Beneficiaries: Individuals, SHGs/FPOs/FCOs/JLGs and Section 8 companies
Subsidy cap for various projects are as follows:

169 |Page


https://udyamimitra.in/

VA
r 4
¥
Government Schemes Related to Agricultural Sector n f—\
d FANAGE

FFF T

S

Poultry Project- Rs. 25 lakh

Sheep & Goat- Rs. 50 lakh

Pig- Rs. 30 lakh

Fodder — Rs.50 lakh

No subsidy will be provided for purchase of land lease/rent/Purchase of car for personal use/Office
setting etc.

Implementing Agency: It will be implemented by State Implementing Agency under State Animal
Husbandary Department.

Case 3: Empowering Rural Livelihoods through Indigenous Goat Farming

At 57, Mr. Hemanthkumar K. of Olakal village, Tumkur, Karnataka, transitioned from the Indian
Navy to entrepreneurship, starting with security services and horticulture. In 2023-24, he established a large-
scale goat breeding farm with 500 female and 25 male goats. The project, costing ¥98.76 lakh, received a
%49.38 lakh subsidy under the NLM-EDP scheme and bank financing of 324.69 lakh. Guided by the Nimbkar
Agriculture Research Institute and the State Animal Husbandry Department, the farm promotes rural
employment and livestock entrepreneurship.

4. Pradhan Mantri Krishi Sinchayee Yojana: Per Drop More Crop (PMKSY)

The scheme was launched on 1st July 2015 and managed by Ministry of Jal Shakthi and Department
of Agriculture & Farmers Welfare, Ministry of Agriculture & Farmers Welfare, Govt. of India. Focuses on
enhancing water use efficiency at the farm level through Micro Irrigation (Drip and Sprinkler Irrigation
System) along with supporting micro-level water storage, and water conservation/management activities.
Application can be done through website: https://pmksy.gov.in/

Objectives:

Converge irrigation investments through local water use plans.
Improve farm water access and expand irrigated areas.
Integrate water sources, distribution, and efficient use.
Increase on-farm water efficiency and reduce wastage.
Promote precision irrigation and water-saving methods.
Recharge groundwater and adopt conservation practices.
Develop rainfed areas using the watershed approach.

Promote water harvesting, management, and crop planning.
Reuse treated wastewater for peri-urban farming.

Encourage private investment in irrigation.

Beneficiaries: Farmers
Four Components:

o AIBP (Accelerated Irrigation Benefit Programme)- Emphasizes the expedited completion of
ongoing Major and Medium Irrigation schemes, including National Projects.

e Har Khet Ko Pani —Aims for development of new and traditional water sources, renovation of water
bodies, efficient distribution, surplus water use, micro-irrigation, and water transfer to scarce areas.

e PDMC (Per Drop More Crop)- It focuses on efficient programme management, precision irrigation,
development of micro and secondary storage structures, adoption of water-lifting devices, scientific
moisture conservation, capacity building and training, ICT-based interventions, and farmer-centric
extension support.

o  Watershed Development- Focuses on efficient runoff and soil-moisture management, rainwater
harvesting, and development of water sources in rainfed areas with MGNREGS convergence.

Benefits of Micro-Irrigation Scheme
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Subsidy: 55% (SMFs), 45% (Others).

Funding: 60:40 (Centre: State) | 90:10 (NE & Himalayan) | 100% (UTs).
DBT transfer to farmers’ accounts.

Support for drip/sprinkler irrigation.

Installation by farmers or approved MI firms.

Extra aid for water harvesting, lifting devices & farm ponds.
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Case 4: PMKSY in Chittoor, Andhra Pradesh: A Success Story of Sustainable Irrigation and Livelihood
Enhancement

Chittoor district, once affected by severe water scarcity, has shown remarkable progress under the
Pradhan Mantri Krishi Sinchayee Yojana (PMKSY). Through the renovation of water bodies, construction of
check dams, and promotion of drip and sprinkler irrigation, water availability and efficiency have improved
significantly.

Projects like Handri Neeva Sujala Sravanti (HNSS) ensured assured irrigation, while initiatives under
Har Khet Ko Pani and Per Drop More Crop promoted precision irrigation and crop diversification. These
efforts enhanced farm productivity, groundwater recharge, and farmers’ income, turning Chittoor into a model
for sustainable irrigation and livelihood development.

5. Mission on Integrated Development of Horticulture- NHM and HMNEH

The Mission on Integrated Development of Horticulture (MIDH) is a Centrally Sponsored Scheme
launched in 2014-15 to promote the holistic development of the horticulture sector in India. The mission aims
to increase production, productivity, and quality of horticultural crops while ensuring nutritional security,
income enhancement, and sustainable livelihoods for farmers. MIDH covers a wide range of interventions,
including horticultural crop cultivation, post-harvest management, processing, marketing, and value addition.
It also promotes research, technology dissemination, and skill development for farmers and field staff. The
scheme includes several sub-schemes and implementing agencies to address regional needs:

e National Horticulture Mission (NHM) — Functional in all states &UT except North-east and
Himalayan states

e Horticulture Mission for North-East & Himalayan States (HMNEH) — Operates in North-east
and Himalayan states

e National Horticulture Board (NHB) —Focuses on commercial Horticulture.

e Coconut Development Board (CDB) — For integrated development of coconut production and
utilization in country.

e National Bamboo Mission (NBM) —To promote holistic development of bamboo sector.

e Central Institute of Horticulture (CIH) —Focuses on HRD and capacity building, especially in
North eastern states.

It can be applied through District Horticulture Officer (DHO) or state specific portals in Maharashtra, Uttar
Pradesh and Himachal Pradesh.

Objective:

e Promote holistic growth of horticulture, including bamboo and coconut, through region-specific
strategies.

Encourage cluster-based cultivation for efficiency and scale.

Increase production, farmers’ income, and nutritional security.

Improve productivity using quality planting material and micro-irrigation.

Support skill development and employment in horticulture and post-harvest sectors, especially cold
chains.

e Promote high-value crops to reduce import dependence.

Beneficiaries: All farmers / registered societies / state governments are eligible for the scheme.
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Funding:

e Central: State- 60:40(National Horticulture Mission).

e Central: State- 90:10 (Horticulture Mission for North-East & Himalayan States (HMNEH).

e Central: State-100:0(for development of bamboo and programmes under NHB, CDB, CIH
(Nagaland), and National Level Agencies (NLAS).

Items covered under MIDH

e Al horticultural crops including bamboo and plantation crops.
e  Support for protected cultivation, micro-irrigation, tissue culture, and nursery development.
Benefits:

e Enhance productivity via crop diversification and tech adoption.
e Promote R&D and cold chain infrastructure.
e Strengthen post-harvest, processing, and marketing.

Case 5: Success Story: Plastic Mulching under MIDH

Maloth Prashanth, of Jamandlapally village, Mahabubabad mandal and district, adopted plastic
mulching under the Mission on Integrated Development of Horticulture (MIDH) on 1 hectare of his chilli
crop with Rs. 16,000 assistance in 2020-21. This intervention increased his yield from 5.5 MT to 7.5 MT,
raised his net income from Rs. 3,40,000 to Rs. 5,90,000, and improved the benefit-cost ratio from 2.06:1 to
2.90:1. The produce was marketed locally at the Mahabubabad Chilli Market, demonstrating how MIDH
interventions enhance productivity, profitability, and resource efficiency.

6. e-NAM

e-NAM was launched on 14th April 2016 by the Prime Minister of India as a demand-driven scheme
to create a unified national market for agricultural commodities. It is implemented by the Small Farmers
Agribusiness Consortium (SFAC) under the Ministry of Agriculture and Farmers” Welfare, Government of
India. The platform digitally integrates existing APMC mandis across the country, enabling farmers to sell
their produce efficiently and transparently.

Objectives:

Expand e-NAM by integrating more markets and promoting inter-mandi and inter-state trade.
Promote Warehouse-Based Sale (WBS) and electronic negotiable warehouse receipt (eNWR) trade.
Introduce new modules to benefit farmers and Farmer Producer Organizations (FPOSs).

Extend the platform beyond APMC/RMC mandis to ensure competitive pricing.

Strengthen quality assaying and grading systems for reliable inter-mandi and inter-state trade.

e Encourage secondary trade alongside primary trade to create market demand and benefit farmers.
Beneficiaries: Farmers, traders, buyers, FPOs, commission agents, APMCs/mandis, and consumers.
Coverage: (as on 31st August 2025)

e 23 states & 4 UTs.

e 1,79,65,076 Farmers.

e 1522 mandis connected.

Benefits for Farmers:

Pan-India market access.

Transparent, real-time price discovery.
Direct online payments.

Better prices via wider buyer base.

7. PM-KISAN Samman

It is a Central Sector Scheme with 100% funding from the Government of India, launched on 1st
December 2018 to provide direct income support to farmers. Under the scheme, 36,000 per year is provided
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to all eligible landholding farmer families in three equal installments of 32,000 each. The amount is directly
transferred to beneficiaries’ Aadhaar-linked bank accounts through the Direct Benefit Transfer (DBT) system.
The scheme is implemented by the Department of Agriculture and Farmers Welfare, Ministry of Agriculture
and Farmers’ Welfare. It was first conceptualized and implemented by the Government of Telangana as the
Rythu Bandhu scheme, which later inspired the national rollout. Applications can be made through the local
Patwari, Gram Panchayat, or Block Development Office. Recently, Prime Minister Narendra Modi released
the 20th installment from Varanasi on 2nd August 2025.

Objectives:
e Provide assured income support to all landholding farmers to meet agricultural and household
expenses.
e Ensure timely financial assistance before each cropping season to reduce dependence on informal
credit.

e  Support small and marginal farmers to improve crop productivity and livelihood security.
Beneficiaries:

e All landholding farmers across India — 9.59 crore beneficiaries (as of November2024).
e Exclusions include institutional landholders and families with members holding constitutional posts,
government jobs, or professional positions (e.g., doctors, engineers, CAs).

Implementation:

e Implemented by the Department of Agriculture and Farmers Welfare in collaboration with State/UT
Governments for beneficiary identification.

e Funds are disbursed via Direct Benefit Transfer (DBT).

e Farmers can check status and updates through the official PM-KISAN portal (https://pmkisan.gov.in)
or mobile app.

Benefits:
e Annual financial assistance of 36,000 per farmer family.
e Supports the purchase of seeds, fertilizers, and other farm inputs.
e Reduces financial stress and improves access to formal credit.
e Promotes financial inclusion and stability among small and marginal farmers.

8. Pradhan Mantri Kisan Urja Suraksha evam Utthan Mahabhiyan (PM-KUSUM)

The Pradhan Mantri Kisan Urja Suraksha evam Utthan Mahabhiyan (PM-KUSUM) was
launched in March 2019 by the Ministry of New and Renewable Energy (MNRE) to promote the use of
solar energy in agriculture and reduce farmers’ dependence on diesel-based irrigation. The scheme aims to
add 34,800 MW of solar capacity by March 2026 with a total Central Financial Support of 334,422
crore. It supports farmers in installing solar irrigation pumps and grid-connected renewable power plants,
enabling energy security and additional income generation. Applications can be submitted through the official
portal: https://pmkusum.mnre.gov.in.

Objectives:
e Promote renewable energy use in the agricultural sector.
Reduce reliance on diesel and conventional electricity for irrigation.
Provide sustainable, reliable, and cost-effective irrigation power.
Enable farmers to earn additional income through the sale of surplus solar power.
Encourage decentralized solar generation and support India’s clean energy transition.

Beneficiaries:
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e Individual farmers, groups of farmers, Farmer Producer Organizations (FPOs), Panchayats,
Cooperatives, and Water User Associations (WUAS).
Key Components:
e Component A: Installation of 10,000 MW decentralized ground-mounted or stilt-mounted grid-
connected solar power plants on barren/fallow land to supply power to DISCOMs.
o Component B: Installation of 14 lakh stand-alone solar-powered agriculture pumps for irrigation
in off-grid areas.
e Component C: Solarisation of 35 lakh existing grid-connected agriculture pumps, including
feeder-level solarisation to ensure daytime power supply.
Funding Pattern:
e 609% subsidy shared between Central and State Governments.
o 30% institutional loan support.
e 109% farmer contribution to install solar pumps and grid-connected renewable power plants.
Benefits:
e Assured power supply through clean, renewable energy.
Farmers can sell surplus solar power to DISCOMs for additional income.
Use of barren or fallow land for solar plant installation.
Promotes dual-use farming—solar generation and cultivation on the same land.
Reduces diesel consumption, cuts carbon emissions, and supports sustainability.
Improves energy security and reduces the power subsidy burden on States.

9. Pradhan Mantri Formalisation of Micro Food Processing Enterprises Scheme (PM FME)

The Pradhan Mantri Formalisation of Micro Food Processing Enterprises (PM-FME) scheme was
launched on 29 June 2020 by the Ministry of Food Processing Industries (MoFPI) to formalize and upgrade
micro food processing enterprises, support Self Help Groups (SHGs), Farmer Producer Organizations (FPOs),
and cooperatives, and strengthen the unorganized food processing sector. The scheme aims to cover 2,00,000
micro food processing units over five years (2020-21 to 2024-25) with a total outlay of 10,000 crore. Rs.
3,791.1 crore released by the Centre to the Sates/ UTs for implementation of various components across FY
2020-21 to FY 2025-26. Applications can be submitted through the official portal:
https://pmfme.mofpi.gov.in.
Objectives
¢ Promote formalization of micro food processing enterprises and unorganized sector units.
¢ Provide financial, technical, and institutional support to micro food entrepreneurs.
e Enhance access to credit, technology, branding, and marketing support.
e Encourage entrepreneurship and skill development in food processing.
e Promote One District One Product (ODOP) for regional specialization.
o Strengthen women and group-led enterprises through SHG and FPO support.
Beneficiaries
e Existing and new micro food processing units (individuals or groups).
e Farmer Producer Organizations (FPOs), Self Help Groups (SHGs), and cooperatives.
e Support under ODORP is limited to one product per district per beneficiary.
Key Components
e Credit-Linked Subsidy: 35% of eligible project cost (up to 10 lakh per unit).
e Seed Capital: 40,000 per SHG member, along with tools and equipment.
e Capacity Building: Training in food processing entrepreneurship, technology adoption, and quality
compliance.
e Branding & Marketing Support: Up to 50% grant for branding, packaging, marketing, and market
linkages.
e Infrastructure Support: 35% subsidy for setting up/upgrading units, up to X3 crore per unit.
e One District One Product (ODOP): 713 districts identified with 137 products, promoting regional
specialization.

Funding Pattern
e Credit-linked subsidy: 35% of eligible project cost.
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e Seed capital support: 240,000 per SHG member.

e Infrastructure subsidy: 35% of cost, up to %3 crore.

e Branding & marketing grant: Up to 50% of cost.
Benefits
Financial support to set up or upgrade micro food processing units.
Training, skill development, and capacity building for entrepreneurs.
Branding, marketing, and market linkage assistance for better product visibility.
Encourages formalization of the unorganized sector.
Promotes women entrepreneurship and SHG/FPO-led enterprises.
Supports value addition, quality compliance, and regional specialization through ODOP.
Strengthens institutional mechanisms for monitoring, implementation, and project management.
Case 6: Spoorthy Food Products — Telangana

It is an SHG-based enterprise in Telangana, received seed capital support of X2 lakh under the PM-FME
scheme. This funding facilitated the purchase of a turmeric powder-making machine and a digital weighing
machine, streamlining their processing framework. The enterprise markets its products through retail shops,
wholesale outlets, and public functions, utilizing SHG networks for distribution.

10. Agriculture Infrastructure Fund (AIF)

Launched in July 2020, the Agriculture Infrastructure Fund (AIF) is a Central Sector Scheme introduced
by the Government of India to provide medium- to long-term debt financing for the development of post-
harvest management infrastructure and community farming assets. The scheme aims to enhance the
agricultural infrastructure across the country, thereby improving farmers' income and reducing post-harvest
losses. The total corpus of the fund is X1 lakh crore, with the loan disbursement period from 2020-21 to
2025-26 and the scheme's operational period extending to 2032-33.
Objectives

e Develop and upgrade facilities like cold storage, warehouses, and processing units.
Encourage private and public investments in agricultural infrastructure.
Minimize wastage of produce through improved storage and handling.
Provide better market access and reduce dependency on intermediaries.
Develop infrastructure that benefits groups of farmers, such as Farmer Producer Organizations
(FPOs) and Self-Help Groups (SHGs).
Beneficiaries: Individual farmers, Farmer Producer Organizations (FPOs), Self-Help Groups (SHGs),
cooperatives, agri-entrepreneurs, PACS, and agriculture startups.
Key Components
Cold Storage Facilities: Establishment of cold storage units to preserve perishable commodities.
Warehouses and Silos: Development of storage facilities to reduce post-harvest losses.
Processing Units: Setting up of units for value addition to agricultural produce.
Logistics and Transportation Infrastructure: Improvement of transportation facilities for efficient
movement of goods.

e Community Farming Assets: Development of infrastructure that benefits groups of farmers.
Funding Pattern

e Loan Amount: Up to 2 crore per project.

e Interest Subvention: 3% per annum on the loan amount.

e Credit Guarantee: Coverage under the Credit Guarantee Fund Scheme for Micro and Small

Enterprises (CGTMSE).

e Repayment Period: 7 years, with a moratorium of up to 2 years.
Benefits

e Reduced Post-Harvest Losses
Enhanced Farmer Income
Employment Generation
Improved Market Access
Boost to Rural Economy

Case 7: Turning Stubble into Sustainable Energy: The Singh Green BioEnergy Success Story
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Under the Agriculture Infrastructure Fund (AIF), Mr. Amarjit Singh set up the Singh Green Bio-Energy Plant
in Punjab, converting paddy straw and agricultural residues into pellets for industrial use. Supported with a
total investment of ¥1.22 crore, including a ¥91.5 lakh AIF loan, the project reduces stubble burning, provides
farmers with additional income, supplies industries with sustainable energy, and generates rural employment.
This initiative showcases how AIF enables environmentally sustainable and economically beneficial agri-
infrastructure projects.

11. Pradhan Mantri Rashtriya Krishi Vikas Yojana (PM-RKVY)

The Pradhan Mantri Rashtriya Krishi Vikas Yojana (PM-RKVY) is the revamped version of the
Rashtriya Krishi Vikas Yojana, launched in 2014-15 by the Government of India to incentivize states to invest
in agriculture and allied sectors and achieve a 4% annual growth in agriculture. The scheme provides
flexible, state-driven funding to implement innovative agricultural projects, strengthen infrastructure, and
promote agribusiness models. It is operational across all states and union territories, with funds allocated based
on State Agriculture Plans (SAPs) and local priorities.

Objectives
e Promote holistic agricultural development and improve farm productivity.
e Strengthen post-harvest and marketing infrastructure.
e Encourage private sector and state investment in agriculture.
e Support FPOs, SHGs, cooperatives, and agripreneurs.
e Foster crop diversification, high-value crops, and agribusiness entrepreneurship.
Beneficiaries
e Farmers, Farmer Producer Organizations (FPOs), Self-Help Groups (SHGSs), cooperatives, and other
stakeholders in the agriculture and allied sectors.
Key Components
e State Agriculture Plans (SAPs): Comprehensive agricultural development strategies at the state
level.
e District Agriculture Plans (DAPs): Localized planning addressing district-specific needs.
e Infrastructure Development: Support for warehouses, cold storage, irrigation, and market linkages.
e Special Initiatives: Programs like the Saffron Mission and support for sericulture, high-value crops,
and farm mechanization.
e Flexi Fund: Enables states to allocate funds according to local priorities and innovative projects.
Funding Pattern
e Central Assistance: 100% of the funds for Central Sector projects; for state projects, funding is
shared between the Centre and the State based on scheme guidelines.
e State Flexibility: States can design projects under SAPs and DAPs, ensuring local needs are
prioritized.
Benefits
e Enhances agricultural productivity through better inputs, technology adoption, and infrastructure
development
Reduces post-harvest losses and improves market access
Increases farmer incomes
Promotes agri-preneurship and encourages youth participation in agriculture
Supports sustainable crop diversification
Empowers states to implement region-specific and innovative solutions for inclusive agricultural
growth.
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Table: Comparative Table of Major Flagship Agricultural Schemes

Scheme Name Launch . .
(Abbreviation) Year Target Population Major Goal Key Components
Pradhan Mantri . Holistic development of the Fishing harbor development,
Fishers, fish farmers, . . .
Matsya Sampada 2020 FPOs. entrebreneurs fisheries sector & doubling aquaculture (cage culture, biofloc),
Yojana (PMMSY) ’ P fishers' income. cold chain, seaweed cultivation.
Animal Husbandry Private companies, Promote private investment in Credit-linked subsidy for milk/meat
Infrastructure Dev. 2020 MSME:s, FPOs, dairy, meat, and animal feed processing plants, feed manufacturing
Fund (AHIDF) individual entrepreneurs processing infrastructure. units, and waste management.
National Livestock Individual farmers, Generate employment and Breed improvement, feed & .foddfer
. . 2014-15 entrepreneurship through development, entrepreneurship in
Mission (NLM) SHGs, FPOs . .
livestock development. poultry, sheep, goats, and pigs.
Pradhan Mantri Enhance water use efficiency & Micro-irrigation (drip/sprinkler),
Krishi Sinchayee 2015 Farmers expand irrigated area ("Har Khet watershed development, completion|
Yojana (PMKSY) Ko Pani"). of irrigation projects.
Mission on Integrated Farmers. FPOs Promote holistic growth of the Cluster-based cultivation, post-harvest
Dev. of Horticulture 2014-15 00 era'éives i horticulture sector for income management, cold chains, micro-
(MIDH) p enhancement. irrigation, and nursery development.
National Agriculture 2016 Farmers, Traders, FPOs, Create a unified national market Orrililene (flrsicz)l\r;eg platfl(l);rlri{[, trz:lrslzgagznt
Market (e-NAM) APMCs for agricultural commodities. PI . A Y yimne,
direct oninle payments.
PV KisnSamman || Lndldng o | L0 dist neome sort | Divet Bret Trann, (051) of
Nidhi (PM-KISAN) families p p U0 ey q

livelihood expenses.

installments.
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Scheme Name Launch . .
(Abbreviation) Year Target Population Major Goal Key Components
Pradhan Mantri
Kisan Urja Suraksha .. Promote  solar energy in Solarization of agricultural pumps,
Individual farmers, . .
evam Utthan 2019 FPOs. Panchavats agriculture for energy security standalone solar pumps, solar power
Mahabhiyan (PM- ’ y and additional income. plants on fallow land.
KUSUM)
Pradhan Mantri
Formalisation of Credit-linked capital subsidy, seed
Micro Food 2020 Micro food processing Upgrade and formalize micro capital for SHGs, branding/marketing
Processing units, SHGs, FPOs food processing enterprises. support, One District One Product
Enterprises (PM (ODOP).
FME)
Agriculture Farmers, FPOs, SHGs, Develop postjharvest Loans with interest subvention for'
Infrastructure Fund 2020 . management infrastructure and cold storage, warehouses, processing
Agri-entrepreneurs . . . .
(AIF) community farming assets. units, and community assets.
Pradhan Mantri . o . Flexible funding to states for
. sy Achieve 4% growth in . . .
Rashtriya Krishi 2014-15 . . . infrastructure, agripreneurship, and
. . States, Farmers, FPOs agriculture by incentivizing . .
Vikas Yojana (PM- (Revamped) state-led investment special projects based on State
RKVY) ' Agriculture Plans.
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15.2. PMFBY (Pradhan Mantri Fasal Bima Yojana)
Risk Management in Indian Agriculture through Digital Crop Insurance

Risk and uncertainty are ubiquitous in life, but more so in agriculture. Though agriculture is the
largest enterprise on the earth, it has hardly any cushion pads to mitigate the risks namely climate risk and
market risk (price risk). We can quantify the risk, but not uncertainty. Farmers, for instance, have little or no
control over a Tsunami hitting their farms near the coast, which normally happens once in a decade or so. The
risk is in between these two extremes. Therefore, risk management in agriculture is very important in
developing countries such as India, where agriculture is mainly rain-fed and irrigation facilities are very
limited.

Apart from natural calamities and failure of monsoons, agriculture suffers from price risks in the
event of bumper harvest (Shroff and Phadke, 2022). The farmers need to be supported in the event of crop
failures, which have become very common in the recent times, thanks to climate change. In fact, India
witnessed 756 natural disasters in the form of cyclones, droughts, earthquakes, floods, landslides, etc. since
1900; 47 per cent of these extreme weather events occurred during the last two decades (RBI, 2023). As per
a study conducted by the Centre for Science and Environment, extreme weather events resulted in a loss of
more than 3,000 human lives alongside 70,000 animals, damage to over 0.4 million houses, and affected
standing crops in about 2 million hectares during 2022.

Need for Crop Insurance

When crops fail, the farmers rely on buffer stocks, resort to inter-cropping, crop-diversification, and
sale of their assets to generate liquid cash and/or in the worst case scenario, migrate to urban areas for gainful
employment. As such, crop failures emanating from natural calamities and unfavourable climatic conditions
put the farmers in a challenging situation leading to uncertain incomes, agrarian distress, and in few
instances, suicides. A research study from Odisha state concluded that 30 per cent of sample farmers
committed suicide due to loss of crops and 87 per cent of this loss was on account of droughts (Choudhury
and Sindhi, 2017). In such circumstances, one risk management tool available to the farmers is to hedge
against their income volatility through crop insurance. Essentially, crop insurance acts as a protective shield
for not only the vulnerable farmers but also the financially weak State Governments in India. Cole et al.
(2017) concluded that the farmers shifted to high-risk cash crops to reap better returns as they have access
to crop insurance. Out of all “risk-proof strategies” adopted by the resource-poor farmers in developing
countries, crop insurance remains one of the most cost-effective solutions to farm risk management and
poverty reduction (Wenner, 2005; Hill and Toreo, 2009).

As per the available literature, asymmetric information, adverse selection and moral hazard are
critical challenges of crop insurance in developing countries (Gulati et al., 2018; Reyes et al., 2017; and
Zhao, 2017). Agricultural insurance in developed countries was close to 2 per cent of gross domestic product,
the corresponding figures in middle income and low income countries were 0.16 per cent and 0.01 per cent
respectively (Mahul, and Stutley, 2010). Though government-backed crop insurance received wide
acceptance in Asian and Latin American nations till 1980s, its popularity waned gradually, as such the
governments started promoting private sector participation in agri-insurance space (Rajeev et al., 2016).

Besides, crop insurance suffers from inefficient settlement of claims (Roberts, 2005), absence of
human and financial resources to conduct surveys for crop yields, and lack of legal and regulatory
frameworks to protect the gullible farmers against manipulations of the insurance companies (Mahul and
Stutley, 2010). As subsidized crop insurance is a way of influencing election outcomes (Hazell, 2017), the
governments of developing economies constantly modify the crop insurance scheme for betterment of the
farmers. In fact, successful implementation of the programme will result in more effective outcomes in the
field (Durlak and Dupre, 2008). Crop insurance is an effective tool in managing production shocks related
to climate change (Falco et al. 2014; Rao 2010).

History of Crop Insurance in India

In 1965, the Government of India introduced a model scheme of crop insurance and circulated it
among the State governments. However, none of the State governments supported the scheme because they
had to bear a portion of the premium subsidy (Dandekar, 1976). Later, a draft bill for crop insurance was
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designed by an expert committee under the chairmanship of Dr. Dharam Narayan in March, 1970. Based on
this, Life Insurance Corporation of India (LIC) launched the first crop insurance scheme in 1972 using an
individual farm—based approach (Raju and Chand, 2009). Initially, the scheme covered only cotton (that too
a specific variety, Hybrid-4) in Gujarat and later expanded to include groundnut, potatoes and wheat in other
states, covering Andhra Pradesh, Maharashtra, and Tamil Nadu. However, determining the yields of past and
current seasons, for each farmer, turned out to be a herculean task due to inaccessibility and remoteness of
villages and lack of infrastructure facilities. The scheme could cover only around 3,000 farmers by 1978-79
(Agriculture Finance Corporation, 2011). Over the period, the Indian policy makers pursued several ways to
bring about a sustainable solution to mitigate crop loss risks for the farmers and suggested the “area”
approach (Dandekar 1976), whereby the unit of insurance was the mandal, also called a block, an
administrative division encompassing several villages. Later, General Insurance Corporation of India took
over the crop insurance business of LIC and introduced Pilot Crop Insurance Scheme in 1979; and this was
implemented till 1984-85, by covering 623,000 farmers in 13 states ((Nirmal and Babu, 2021).

Subsequently, Comprehensive Crop Insurance Scheme (CCIS) was introduced by Government of
India in 1985 with a view to strengthening risk-bearing capacity of the farmers. It was operated on ‘area
approach’ and block was considered as the insurance unit for reckoning the premium and level of indemnity
payments. Later, Rashtriya Krishi Bima Yojana (RKBY)) was introduced during Rabi! season in 1999-2000,
and insurance subsidy was provided only to small & marginal farmers. Afterwards, on a pilot basis, Modified
National Agricultural Insurance Scheme (MNAIS) was launched in 50 districts across India during 2010-11.
Besides, the Government of India (Gol) announced a Weather-Based Crop Insurance Scheme (WBCIS) in
20 states from Kharif? season in 2007. Subsequently, the Government of India launched National Crop
Insurance Programme (NCIP) in 2013-14 as an umbrella scheme encompassing both MNAIS and WBCIS.
The NCIP is a single window to converge all the services (such as release of subsidy, integration with tech-
systems of insurance companies, on-line remittance of farmer’s premium, settlement of claims, etc.) under
crop insurance for seamless service delivery. Though the above insurance schemes provided protection to
the farmers to a certain extent, their coverage and impact were limited. Accordingly, the Gol introduced
Pradhan Mantri Fasal Bima Yojana (PMFBY) on January 13, 2016 with a view to providing insurance
coverage and financial support to the farmers in the event of failure of any of the notified crop owing to
natural calamities, pests, and diseases.

Objectives of PMFBY

The PMFBY is in line with ‘One Nation — One Scheme’ theme and promotes sustainable production
in agriculture and fosters financial resilience to the Indian farmers. As per the revised guidelines, the scheme
is intended #) to provide financial support to farmers suffering crop loss/damage owing to unforeseen events;
ii) to stabilize incomes of the farmers to ensure their continuance in farming; iii) to encourage farmers to
adopt innovative and modern agricultural practices; and iv) to ensure credit worthiness of the farmers, crop
diversification and enhancing growth and competitiveness of agriculture sector besides protecting the
farmers from production related risks (Ministry of Agriculture & Farmers’ Welfare, Gol, 2020).

India achieved ‘food security’ through Green Revolution in mid-1960’s; further, the country is in
the process of achieving ‘nutritional security’ due to liberalization, globalization and privatization reforms
introduced in 1991; this led to increased employment levels, and higher disposable incomes apart from Direct
Benefit Transfers to the rural poor. Now, the nation is aspiring for ‘income or financial security of the
farmers’, as part of fulfilment of the United Nation’s Sustainable Development Goals. Perhaps, the PMFBY
can act as a potential channel to achieve financial inclusion in respect of the Indian farmers.

Salient Features & Mechanics of PMFBY

The PMFBY is the largest crop insurance programme in terms of enrolment of farmers, and the third largest
in respect of collection of crop insurance premium, in the world (The Ministry of Agriculture & Farmers’
Welfare, Gol, 2024). To be eligible under the scheme, inter-alia, the farmer should be a cultivator or a

1 Rabi season refers to cultivation of crops between November and April/May; Rabi crop is typically sown in winter and harvested in spring
season in India.

2 Kharif season refers to cultivation of crops between June and September/October; Kharif crop is typically sown in monsoon season and
harvested at the end of the season in India.
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sharecropper on the insured land, and must possess a valid ownership document or land tenancy agreement.
Further, the farmer should apply for insurance coverage within the prescribed time frame, which is generally
within 2 weeks of commencement of the crop sowing season. The scheme provides crop insurance cover to
the farmers at reasonable premium rates with a nominal contribution from the farmers. The farmers’ share
in premium under the PMFBY is limited to 2 per cent for Kharif crops, 1.5 per cent for Rabi crops in respect
of cereals, pulses, and oilseeds and 5 per cent in case of horticultural and annual commercial crops (UNDP
Report, 2022). The difference between actuarial premium rate and the farmer’s contribution is shared equally
between the Central and the State Governments as illustrated in Table 1 given below:
Table 1: Crop Insurance for Paddy during Kharif Season — An Illustration

i) Sum Insured (SI) under the PMFBY INR 30,000 (generally, equivalent to Scale of
Finance as decided by District-level Technical
Committee)

ii) Actuarial premium rate*, say @ 10% (based on price | INR 3,000*

discovery in the market)

iii) Contribution of the farmer @ 2% on SI INR 600

iv) Share of State Government” [50% of (actuarial | INR 1,200"

premium — farmer’s contribution)]

v) Share of Central Government [50% of (actuarial | INR 1,200

premium — farmer’s contribution)]
Source: Ministry of Agriculture & Farmers’ Welfare, Gol, 2020).

*Actuarial rate is the projected value of a future loss shown through an estimate. Normally, insurance
companies calculate actuarial rates to prepare for their financial obligations (Farlex Financial Dictionary,
2021).

~ the share of State government is just 10% only in case of North-Eastern / Himalayan States; and the
remaining balance of 90% is contributed by the Central government in this regard.

Initially, the PMFBY scheme was compulsory for farmers who take loans from any bank, whereas
it is voluntary for non-loanee farmers (farmers who have not availed any loans from any bank or financial
institution). Later, the scheme was made optional for all farmers from Kharif season of 2020 onwards.
Accordingly, the State governments have the flexibility to implement the scheme to suit their local crop risk
requirements.

The scheme covers all risks including localized calamities (loss from the occurrence of hailstorms,
landslides, inundation affecting isolated farms in the notified area, etc.); post-harvest losses (up to a
maximum of 14 days from the date of harvesting); and mid-season occurrences due to floods, droughts, or
prolonged dry spells (that reduce yield by 50 percent). Under the scheme, the sum insured is equivalent to
the scale of finance for the crop as decided by the district-level technical committee, which is the cost of
cultivation. Compensation to the farmer is linked to the shortfall in yield, that is, the difference between the
threshold yield and the actual yield. Threshold yield is calculated by taking the average yield of the best five
of the past seven years (excluding a maximum of two calamity years), which will be multiplied by the
applicable indemnity level (from 70 percent to 90 percent, corresponding to low, moderate, and higher risk
areas). Indemnity refers to the maximum amount that the insurance company promises to pay to the insured
in case of any eventuality; the indemnity level depends on the potential risk in crop yield in a notified area.
While determining the indemnity level, government’s share in premium, threshold yields, factors like crop
compatibility to a specific region/district and national priority (such as sustainable production, nutritional
security, self-sufficiency, export potential, etc.) will be considered (Dalwai, 2022). Further, the threshold
yield is fixed for a period of 3 years which is co-terminus with the contract period of the insurance company
and the premium rates on the crop will be quoted accordingly.

Estimation of Crop Threshold Yield under PMFBY
This can be better explained through an illustration in Table 2 as shown below:
Table 2: Crop Yield — An Illustration
Year 2016 2017 2018 2019 2020 2021 2022
Yield (Kgs.) | 1500 1700 1600 1900 1850 1400 2000

181 | Page



s/
&
- '0Y/ N
Government Schemes Related to Agricultural Sector GE

Fr 27 e e

S

If notified indemnity level is 70 per cent, then threshold yield of the crop =
[(1700+1600+1900+1850+2000)/5]*0.70 = 1267 Kilo grams

This threshold yield remains constant across the insurance unit for the entire insurance contract period i.e.,
from 2023 to 2025. Similarly, the premium rate quoted by the insurance company will remain fixed for this
period.

Claim Settlement under PMFBY
Digi-Claim module under the PMFBY facilitates swift settlement of crop insurance claims directly
to the bank accounts of insured farmers. Model claim settlement is given below:

Table 3: Claim Settlement in Digital Mode — An illustration

i) Application Number of the Farmer | 1240542 | As per the records of a private insurance company
i) Sum insured (INR) 448,049 | As per the data from crop insurance portal
iii) Area insured (Ha.) 6.69
iv) Area affected (Ha.) 3.00 As per survey form
v) Date of loss September

25,2020
vi) Date of sowing June 27,

2020
vii) Age of Crop (days) 90 Date of loss — date of sowing
viii) Cost of input (%) 69.00 As per the tables of the insurance company based on
age of the crop

ix) Loss percentage in survey form 80.00
x) Affected sum insured (INR) 201,000 | Sum insured/Area insured * Area affected
xi) Gross loss 138,690 | Affected sum insured * cost of input %
xii) Actual claim settlement amount 110,952 | Gross loss * Loss percentage in survey form

As per Table 3, the farmer will receive an amount of INR 110,952 towards claim settlement from the
insurance company. Implementation cycle of PMFBY is shown in figure 1:

As per the latest guidelines of the scheme, maximum number of crop cutting experiments (CCEs)
should be 4 at the village level and 24 at the district level. To ensure that the yield data are accurate, the
scheme suggests video or image capture of the CCEs in real time using mobile communication technology
with Global Positioning System (GPS) and time stamping.

As mentioned above, all risks except price risk, will be redistributed from the farmers to the
implementing insurance companies (through complete risk transfer approach) under the scheme. However,
the State governments may adopt ‘partial risk transfer approach’ popularly known as ‘cup & cap approach’
as suggested by Ranjan Ghosh (2018). As per this method, insurance companies may share a part of their
profits/losses with State/Central governments beyond certain limits, under the scheme. For instance, if the
insurance company receives actuarial premium of beyond 120 per cent of paid claims in a given crop season,
the excessive amount over 120 per cent will be paid to the State and Central Governments equally. On the
other hand, if the insurance company receives actuarial premium of less than 80 per cent of paid claims in a
given crop season, that deficit will be borne by the State and Central Governments equally. By following
this method, negative publicity on ‘super-normal profits’ of insurance companies may be avoided to some
extent and social justice may be accomplished. As per the revised guidelines of the scheme, insurance
companies are awarded the work for 3 years under PMFBY to enhance enrolment of the farmers, better co-
ordination with various stakeholders, deployment of adequate infrastructure facilities as well as human
resources for effective implementation at the field level. Further, the PMFBY’s Sandbox for Agriculture &
Rural Security, Technology, and Insurance (SARTHI) platform offers a suite of insurance products in respect
of crop, health, assets, and accidents to the farmers. Further, Meri Policy Mere Haath is an initiative taken
under the PMFBY to distribute policies of crop insurance directly to the farmers with a view to creating
awareness on the scheme and empowering them with physical policy documents. This fosters greater
participation and ensures better financial security of the farmers.
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Figure 1: Implementation Cycle of PMFBY

Meeting of State Level State Digitization of crop Insurance
Coordination Governments to notification by the state
Committee on Crop publish Government and its validation by
Insurance, Bidding ‘ notification of - the selected insurance company
Process, and Selection Crop Insurance

of Insurance Company under PMFBY

' Enrollment of Farmers in the scheme

through common service centers, Banks,
online enrollment and using Crop
Insurance App

Payment of insurance PMFBY
claims to farmers’
bank accounts through

digital mode

Assessment of crop yields and
losses

Calculation of Crop Insurance
Claims by Insurance | '
Company
Source: Study Report on Effective Implementation of PMFBY (Ministry of Agriculture & Farmers’ Welfare,
Chairman: Ashok Dalwai), 2022.
Major Benefits of PMFBY
The PMFBY has main stakeholders namely farmers, insurance companies, banks, common service

centres, and Central/State Governments. Major perceived benefits of the scheme are given in Table 4 below:
Table 4: Major Benefits of PMFBY to Stakeholders

Stakeholder Major Benefits of PMFBY

e Financial security and enhanced livelihoods & Uninterrupted access to credit

e Risk management tool with regard to unpredictable weather conditions, pests,
and diseases in agriculture

e Payment of 5% premium (maximum), but 100% peace of mind

Adoption of innovative and modern agricultural practices and crop

diversification

a) Farmers

b) Insurance . G.rowtl? in busipess opportupities with a large customer base
companies o Diversified business portfolio and enhanced market share
e Collaboration with the governments to improve brand equity
e Reduced agri-credit risk due to claim settlements from insurance companies
in the event of failure of crops
¢) Banks e Reduced credit risk facilitates enhanced rural credit
e Contributing to financial inclusion, and consequent local economic
development
d) Common e Enabling farmers to access insurance through digital channels
service centres e Creation of employment opportunities for village level entrepreneurs

Pre-defined financial burden without affecting the budgetary outlay

e) Central/State Minimizing agrarian distress leading to better farmers’ welfare

Governments e Resulting in adoption of modern agricultural practices, advanced
technological interventions thereby contributing to overall economic growth
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Case Studies in Crop Insurance
Smart Crop Insurance Project in Kenya

In order to facilitate transparent and timely settlement of crop insurance claims, the government of
Kenya implemented a pilot project in 2020 by engaging Sprout Insure. It is a digital platform wherein the
crop insurance policies are plugged into smart contracts on a block chain and indexed to local weather. This
will harmonize farmer-level data, settlement of claims, and policy information that are currently done in
silos, ultimately resulting in a cost-effective model with a quick turnaround time. Besides, the model has
the potential for increasing the much needed transparency and bridging the trust deficit existing among the
stakeholders.

Samrakshane Portal in Karnataka

The government of Karnataka launched Project Samrakshane in 2017-18 for speedy settlement of
crop insurance claims of the farmers in a transparent manner. It is a farmer friendly system for enrolment,
registering claims, calculation of compensation as well as payment under the Crop Insurance Scheme. The
portal records all information related to the farmers, including the CCEs, without manual intervention.
Instantaneous dispute redressal happens in the portal as there are videos and photos in respect of the CCEs.
Therefore, Samrakshane portal has been successful in prevention of frauds in crop insurance as it links to
BHOOMI, an on-line digital land records management system, which verifies farmer’s land details and
authenticates them at the time of registration itself. As the CCEs are conducted in digital mode, insurance
company has real-time access to the portal to approve or reject claims, later the system generates farmer-
wise payout data to complete settlement of claims through on-line within a maximum period of 3 months
from the date of harvesting. Thus Samrakshane model can be replicated in other Indian States for achieving
financial security of the farmers.

Evaluation of PMFBY

Crop insurance in India has not been popular mainly due to lack of awareness among farmers, delay
in claim settlement, absence of adequate number of enabling channels, and lack of information on the risk
behaviour of farmers (Mukherjee and Pal, 2017). Besides, the main challenges of crop insurance were
conducting the CCEs and inordinate delay in settlement of claims, as the concerned officials failed to submit
yield data and premium subsidy on time (Roy et al., 2018). The PMFBY scheme earned the farmers’ wrath
due to lack of transparency in assessment of crop losses and delayed settlement of claims. In several cases,
the farmers were not even informed about the deduction of premium from their bank accounts. Further, the
State governments are not equipped with adequate human resources and institutional capacity to complete
the required number of CCEs. In a survey conducted on 146 farmers in Jalna district of Maharasthra, it was
revealed that none of them had received any claim settlement under the PMFBY from IFFCO Tokio
Insurance Company, since the State Bank of India branch did not send the documents of the farmers to the
company on time, and this led to non-processing of the applications of the farmers (Nirmal and Babu, 2021).

Strictly speaking, the scheme ignores the demand side issues of crop insurance. Specifically, lack
of transparency, undue delay in claim settlement, procedural complexity and bureaucratic inefficiencies keep
farmers away from the crop insurance. Though the PMFBY, a flagship programme of the Gol, has been
operational since 2016 with ‘area approach’, it has been saddled with many challenges. The farmers who
depend mainly on uncertain rainfall tend to insure their crops especially in drought-prone areas; they don’t
insure if they feel that they have protective irrigation or if there is adequate rainfall or enough moisture in
the soil. A major challenge is obtaining accurate data in respect of areas under notified crops and appropriate
yield estimates (Shroff and Phadke, 2022). While the farmers do participate in the PMFBY, their awareness
levels are not up to the mark (Gummagolmath et al., 2023).

Cole et al (2012) and Stein (2011) show that demand for crop insurance in India is highly price-
sensitive and relies on prior experience of the farmers. Pradeepika (2017) evaluated the PMFBY in the state
of Haryana and found that issues like negative publicity, lack of marketing, non-involvement of Agriculture
Department staff in capturing crop cutting data are the major hindrances in implementing the PMFBY. Kaur
et al. (2021) made an attempt on analysis of PMFBY in which they concluded that, as compared to previous
schemes, the PMFBY has come up with better features. In a study on measuring of attitude of farmers
towards PMFBY (Jiragal & Ganesamoorthi, 2022), it is revealed that nearly half (43.80%) of the sample
farmers had favourable attitude towards the programme as it increased the confidence level of the farmers
to take up diversified farming activities and adopting innovative agricultural practices.
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The Way Forward

Insurance is a complex and challenging field. Crop insurance is much more complex and demanding
particularly in India on account of 120 million number of land holdings, small & marginal nature of farmers
and multiple cropping systems. Hence, it is suggested that ‘State Risk Management Authority (SRMA) and
District Risk Management Authority (DRMA) may be set up by focusing on appropriate systems and
procedures. With a view to strengthening finances of the States, the PMFBY may be recognized as an
alternate risk management model in agriculture insurance domain. This helps states in saving money they
need to compensate the farmers through relief and loan waivers. Further, scope of the PMFBY may be
extended to cover price risks too, apart from weather-related risks. More specifically, the farmers should be
incentivized with a healthy system of compensation of the potential losses linked to risks associated with
nature (pre- & production-stage) as well as price fluctuations (post-production stage). As the awareness level
of the farmers in respect of the PMFBY is on the lower side, the government may undertake special campaign
through its Information, Education & Communication Section of the Ministry for wider publicity through
social media and other electronic channels apart from conducting seminars/conferences/workshops.

In order to minimize human intervention in crop insurance, advanced technologies such as artificial
intelligence, machine learning, block-chain, remote-sensing, and drones may be leveraged. As the settlement
of claims get delayed more often than not, there is a need to expedite the entire crop insurance cycle through
seamless transmission of data on crop yields, integration of (digital) land records with all stakeholders
including NCIP, insurance companies, banks, etc. By taking a cue from the Jana Dhan Yojana, Aadhar, and
Mobile (JAM) trinity, it is imperative to go for FAM trinity — Fasal Bima Yojana, Aadhar, and Mobile in crop
insurance also. Besides, merger of banks and insurance companies may be thought of for better coordination
among the key stakeholders. Timely, transparent, and scientific settlement of insurance claims within a
maximum period of 3 months from the date of crop losses will help the farmers in investing in the next
season. This can be achieved through rationalization of the CCEs and estimation of yield losses in a time
bound manner.

The entire eco-system of crop insurance should be fair and rule/guidelines-bound, so that the
insurance companies feel attracted and experience ‘ease of doing businesses. Further, deployment of
adequate infrastructure facilities viz., network of automatic weather stations (AWSs) / Automatic Rain
Gauges (ARGs) by the State governments and skilful human resources by the insurance companies will
improve the efficiency and effective service delivery in PMFBY. Apart from mission-mode campaign on
crop insurance, extensive training & capacity building of the stakeholders should be given priority in order
to cover cent per cent gross cropped area. Also, the uptake of PMFBY may be increased by ensuring higher
participation of vulnerable sections of the society hamely Scheduled Castes, Scheduled Tribes, and women
farmers. Special incentives may be announced in respect of certain crops such as oil seeds, millets, and pulses
to encourage crop diversification and import substitution. Proper grievance & redressal mechanism should
be in place for popularizing the scheme especially among the small & marginal farming community.

In summary, building up of trust among the principal stakeholders of PMFBY': the farmers, is the
chief cornerstone of the PMFBY ’s edifice. As they are the weakest link in the entire value chain, they require
advisory services and grievance redressal within the framework of the scheme-guidelines. Given the
malpractices in the crop insurance domain, a strong judicial system is the need of the hour. If proper
governance and monitoring mechanisms put in place, the PMFBY scheme helps in facilitation of climate
resilient agriculture and acts as an effective risk management tool for the farmers, banks, insurance
companies and the governments at large. This automatically paves the way for achieving financial inclusion
of the Indian small & marginal farmers in accordance with the UN’s Sustainable Development Goals.

+++
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15.3. Kisan Credit Card and Kisan Call Centre

1. Introduction

Agriculture, like any other industry, relies heavily on capital, information, and technology as crucial
inputs for growth and sustainability. The success and efficiency of India’s agricultural sector are closely
linked not only to the availability of financial resources but also to timely access to information and advisory
services. Both these components are vital for improving productivity, profitability, and farmers’ overall
welfare.

Historically, before the financial reforms, agricultural credit was dominated by non-institutional
lenders such as sahukars, mahajanas, and moneylenders, who charged exorbitant interest rates. The financial
sector reforms of 1991 transformed this landscape, paving the way for institutionalized credit systems to
ensure equitable access to finance (S. Sinha, 2020). To address the capital requirements of farmers, several
initiatives were undertaken by the Reserve Bank of India (RBI) and the National Bank for Agriculture and
Rural Development (NABARD). One of the most notable among them is the Kisan Credit Card (KCC)
Scheme.

The KCC Scheme was designed to provide easy, flexible, and timely access to short-term and
investment credit, particularly for small and marginal farmers. Implemented through commercial banks,
regional rural banks, and co-operative banks under the guidance of NABARD and the Government of India,
the scheme offers a revolving cash credit facility, allowing multiple withdrawals and repayments within an
approved credit limit (Chanda, 2020). The scheme’s scope was later expanded under the 2019 revised
guidelines, which included financing for crop production, consumption needs, maintenance of farm assets,
and term loans for allied activities such as animal husbandry and fisheries. It also incorporated additional
benefits such as coverage under the Personal Accident Insurance Scheme and enrollment in the Atal Pension
Yojana (Dwivedi et al., 2015). NABARD’s framework allows multiple withdrawals and repayments within
a three-year limit, with provisions for rescheduling in case of crop loss, periodic review, and incentives for
prompt repayment (Kaur & Dhaliwal, 2018).

Parallel to financial reforms in agriculture, the information and communication landscape also
underwent a significant transformation to strengthen farmer support systems. Recognizing the need for cost-
effective and farmer-friendly communication channels, the Government of India launched the Kisan Call
Centre (KCC) scheme on 21st January 2004 under the Ministry of Agriculture and Farmers Welfare. The
initiative aimed to bridge the information gap between expert agriculturists and farmers by leveraging the
convergence of Information and Communication Technology (ICT) and Agricultural Technology
(Ramamritham, 2006).

The Kisan Call Centre operates through a toll-free number (1800-180-1551), available daily from
6:00 AM to 10:00 PM, with after-hours service supported through an Interactive Voice Response System
(IVRS). This service provides agricultural advice and solutions to farmers’ queries in 22 local languages,
ensuring inclusivity and accessibility across regions. The scheme functions as an interactive knowledge
exchange platform, facilitating timely dissemination of scientific and technical information to farmers on
crop management, pest control, weather updates, and market intelligence (Kavitha & Anandaraja, 2017).

Both the Kisan Credit Card Scheme and Kisan Call Centre Scheme represent major institutional
innovations in India’s agricultural support framework. While the former addresses financial inclusion and
credit accessibility, the latter focuses on information dissemination and knowledge empowerment. Together,
they form two critical pillars of rural transformation—strengthening farmers’ capacity to make informed
decisions, enhancing productivity, and ensuring sustainable livelihoods.

2. Kisan Credit Card (KCC) Scheme
2.1 Background and Evolution

The KCC Scheme was introduced in August 1998 on the recommendations of the R.V. Gupta
Committee, under the joint initiative of NABARD, RBI, and the Government of India (NABARD, 2020).
Its primary objective was to simplify credit delivery by replacing the fragmented system of multiple loans
for seeds, fertilizers, and working capital with a single, flexible credit line.

The scheme gained momentum during the 2000s and was expanded in 2004 to cover allied activities
such as fisheries, poultry, and dairy. Later, it was integrated with schemes like the Interest Subvention
Scheme (ISS) and the Pradhan Mantri Fasal Bima Yojana (PMFBY) to reduce borrowing costs and mitigate
risks (RBI, 2021). In 2019, the government launched a nationwide KCC saturation drive to provide KCCs
to all eligible farmers, particularly PM-Kisan beneficiaries.
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2.2 Objectives of KCC
The scheme primarily seeks to provide farmers with timely, affordable, and hassle-free access to credit,
ensuring that financial support is not denied due to bureaucratic hurdles or lack of collateral. The scheme is
designed to address multiple aspects of farmers’ financial needs, as outlined below:
i.  To meet the short term credit requirements for cultivation of crops
ii.  Postharvest expenses
iii.  Produce Marketing loan
iv.  Consumption requirements of farmer household
V.  Working capital for maintenance of farm assets and activities allied to agriculture, like dairy
animals, inland fishery etc.
vi.  Investment credit requirement for agriculture and allied activities like pump sets, sprayers, dairy
animals etc.
2.3 Features and Benefits
i Credit limit: Based on cropping pattern, landholding, and scale of finance.
ii. Interest subvention: Loans available at 7% nominal interest, with an additional 3% incentive for
timely repayment, bringing the effective rate to 4%.
iii.  Insurance coverage: Automatic linkage with PMFBY for crops and with livestock insurance
schemes.
iv.  Flexibility: Revolving credit facility with simplified documentation and repayment aligned with
harvesting seasons.
V. Targeted inclusion: Coverage extended to tenant farmers, oral lessees, and sharecroppers through
self-help groups (SHGs) and joint liability groups (JLGs).
2.4 Documentation Note
Under the Kisan Credit Card (KCC) scheme, documentation requirements are kept flexible to ensure
inclusiveness. Certificates issued by the local administration or Panchayati Raj Institutions are accepted as
proof of crop cultivation. In the case of landless labourers, sharecroppers, and oral lessees, a self-declaration
or affidavit stating their occupational status is considered sufficient for accessing credit.
2.5 Eligible Beneficiaries under KCC
The KCC scheme covers a wide range of agricultural stakeholders. This includes individual or joint
borrowers who are owner cultivators. Tenant farmers such as oral lessees and sharecroppers are also eligible
through flexible loan arrangements. In addition, Self Help Groups (SHGs) and Joint Liability Groups (JLGs)
engaged in agricultural and allied activities are recognized as eligible beneficiaries.
2.6 Access to the KCC Scheme
Farmers can access the KCC scheme through multiple channels. These include bank branches of
commercial banks, Regional Rural Banks (RRBs), and cooperative banks. Digital platforms such as the PM-
Kisan Portal, JanSamarth Portal, and bank websites like SBI and PNB also facilitate online applications.
Common Service Centres (CSCs) play a crucial role at the village level by assisting farmers with
documentation and form submission. PM-Kisan beneficiaries enjoy automatic eligibility for KCC with
simplified documentation norms.
2.7 Modified Interest Subvention Scheme
The Modified Interest Subvention Scheme is a Central Sector Scheme fully funded by the
Government of India. It provides interest subsidy on short-term agricultural loans to enhance credit
availability and reduce the financial burden on farmers. The scheme promotes easier access to institutional
credit and offers significant relief to borrowers. Under the scheme, the eligible sub-limit is up to Rs.3 lakh
for crop cultivation and post-harvest expenses, and up to Rs.2 lakh for allied activities such as animal
husbandry, dairy, fisheries, lac cultivation, mulberry cultivation, sericulture, and beekeeping. Financial
institutions receive an interest subvention of 1.5%, while farmers are extended a Prompt Repayment
Incentive (PRI) of 3%.
2.8 Credit Limit / Loan Amount for Marginal Farmers
For marginal farmers, a flexible KCC limit ranging from Rs.10, 000 to Rs.50, 000 may be sanctioned
under the Flexi KCC model. The credit limit is determined based on landholding, crops grown, post-harvest
storage needs, and other farm-related expenses, including consumption requirements. Small-term investment
loans for activities such as farm equipment purchase, mini dairy units, or backyard poultry may also be
included, based on the branch manager’s assessment without linking it to the value of land. The composite
KCC limit for marginal farmers is fixed for a period of five years.
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2.9 Credit Limit for Farmers Other than Marginal Farmers

For farmers other than marginal farmers, the short-term credit limit for the first year is calculated
based on the scale of finance decided by the District Level Technical Committee (DLTC) multiplied by the
area cultivated for a single crop. This amount is enhanced by adding 10% towards post-harvest, household,
and consumption requirements, and 20% towards repairs and maintenance of farm assets, along with
provisions for crop insurance, Personal Accident Insurance Scheme (PAIS), and asset insurance.
For the second and subsequent years, the credit limit is derived by taking the first-year crop cultivation limit
and adding 10% annually to account for cost escalation or increases in the scale of finance for each successive
year up to the fifth year. Additionally, the estimated term loan component required during the five-year tenure
of the KCC is included while fixing the overall limit.

2.10 Performance and Impact

The performance of KCC has been noteworthy:
e  The number of operative KCCs was 290.2 lakh.

Outstanding crop loans amounted to Rs. 5, 07,821 crore.

Outstanding term loans were Rs. 55,047 crore.

Loans for animal husbandry and fisheries stood at Rs. 38,107 crore.

The total outstanding loan under the KCC scheme was Rs. 6, 00,975 crore, reflecting increased

credit utilization by farmers across various agricultural activities.

o States like Uttar Pradesh, Maharashtra, and Madhya Pradesh have the highest penetration, while
North Eastern states lag behind.

2.11 Challenges
e Awareness gaps: Many smallholders are unaware of the scheme or face literacy barriers.
e Procedural hurdles: Land record verification and bank formalities delay disbursal.
e Underutilization: Credit limits are often lower than actual needs due to conservative bank
assessment.
o Digital divide: Online platforms are underutilized in remote areas.

2.12 Way forward:

Simplifying documentation through digitized land records.

Expanding financial literacy campaigns.

Linking KCC to digital credit scoring and fintech platforms.
Strengthening convergence with crop insurance and FPO-based financing.

3. Kisan Call Centre

3.1 Introduction

The Government of India, through the Ministry of Agriculture & Farmers’ Welfare, has developed
a comprehensive Information and Communication Technology (ICT) strategy to enhance farmers’ access to
information and improve the planning and monitoring of agricultural schemes. ICT interventions include
web portals (Agmarknet, eNAM, Farmers’ Portal, Soil Health Card, Crop Insurance), mobile applications
(Kisan Suvidha, Pusa Krishi, Agrimarket), basic mobile telephony services (SMS, IVRS, USSD, OBD), and
personalized advisory services through Kisan Call Centres (KCCs). KCCs provide real-time guidance to
farmers in their local languages through a toll-free number (1800-180-155- from any Landline or Mobile) /
1551- from BSNL Landline).

Kisan Call Centre (KCC) services are available daily from 6:00 AM to 10:00 PM. The centres are
staffed by Farm Tele Advisors (FTAs), who hold at least a graduate degree in agriculture or allied sectors
(e.g., horticulture, animal husbandry, fisheries, poultry, beekeeping, sericulture, aquaculture, agricultural
engineering, agricultural marketing, biotechnology, and home science) and are proficient in local languages,
ensuring effective communication with farmers.
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3.2 Inception

Globally, limited access to information is a critical barrier to agricultural productivity. In India, only
6.8% of farmers receive extension support. To address this gap, KCCs were launched on January 21, 2004,
to provide personalized advisory services on agriculture and allied sectors. Presently, 21 KCCs across India
handle queries from farmers nationwide, managed by IFFCO Kisan Sanchar Limited.

3.3 Performance

KCCs quickly became popular due to real-time interaction with Farm Tele Advisors (FTAs) in local
languages. During the 2020-21 period, Kisan Call Centres across India received a total of 5,474,446 calls.
Uttar Pradesh recorded the highest number with 1,180,640 calls, followed by Maharashtra with 560,854 calls
(PIB Release ID: 1741969, 03 Aug 2021). The initiative has inspired similar farmer call centers in countries
like Madagascar, Senegal, Ghana, Bangladesh, and Afghanistan.
3.4 Functioning
KCCs operate at three levels:
Level I: Farm Tele Advisors (FTAs) handle calls directly.
Level II: Subject Matter Specialists address queries beyond FTAs’ expertise via call conferencing with
KVKs, State Agricultural Universities, and [CAR.
Level III: Management oversees overall functioning. FTAs are trained agricultural graduates proficient in
local languages.
3.5 Infrastructure
KCC infrastructure spans three levels:
Level I: Professionally managed call center with LAN-enabled PCs, telephones, teleconferencing, UPS, and
air-conditioning.
Level II: Response Centers in each institution with high-bandwidth telephone lines, desktop systems, and
printer support.
Level III: Nodal institutions oversee operations, software, and data analysis.
3.6 Sector-Specific KCCs
Aquafarmers: Multilingual call centre by MPEDA in Andhra Pradesh (toll-free: 1800-425-4648) addressing
technical queries on aquaculture.
Dairy farmers: NDDB’s “Pashu Mitra” call centre for animal health, nutrition, and breeding. (7574 835
051)
Transport: Ministry of Agriculture and Farmers' Welfare launched All India Agri Transport Call Centre for
facilitating movement of perishables and inputs during COVID-19. The Call Centre numbers are
18001804200 and 14488.

3.7 Monitoring and Review

The effective functioning of Kisan Call Centres (KCCs) depends on regular monitoring and review by the
Nodal Institution. This includes documenting daily activities such as farmers’ queries and their resolution,
availability of Subject Matter Specialists, call transfers to Level-I11, and ensuring responses within 72 hours.
During the initial six months, fortnightly meetings are held with the Heads of Response Centers to review
the placement and performance of Level-II personnel and address unresolved queries. Thereafter, meetings
are conducted monthly on a rotational basis. The Department of Agriculture & Cooperation (DAC), Ministry
of Agriculture, Government of India, assesses KCC performance in consultation with Nodal Institutions,
initially on a monthly basis and subsequently on a quarterly rotational schedule.

3.8 Way Forward
Key strategies to enhance KCC effectiveness include:
e Dedicated weather advisory line to reduce call waiting times.
Increasing FTAs at high-call-volume centers.
Software and hardware upgrades to ensure smooth functioning.
Training FTAs in subject-matter expertise and farmer-friendly language.
Private sector participation to leverage technological capabilities.
Query data analysis using NLP and machine learning to identify trends and develop FAQs.
Regular updates of KKMS portal for accurate and timely information.
State-level coordination for supervision, scheme updates, and public awareness campaigns.
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Module XVI Safe Application of Agro-Chemicals

16.1. A. Introduction to Agrochemicals — Classification, Type and role of
Agrochemicals in Agriculture

Agrochemicals, including pesticides, fertilizers, plant growth regulators, and soil conditioners, play
a vital role in modern agriculture by enhancing crop yield, quality, and protection against weeds, pests, and
diseases. In India, their use is widespread across both small and large-scale farms. However, the practice of
mixing agrochemicals to reduce operational costs introduces risks of incompatibility, leading to
phytotoxicity, reduced efficacy, equipment damage, health hazards, and environmental harm. Compatibility
issues can be physical, chemical, or biological and may be mitigated through label guidance, compatibility
charts, and jar tests. Safe application practices covering preparation, handling, spraying, and disposal are
essential to minimize risks. Adoption of recommended doses, proper mixing sequences, and personal
protective equipment ensures farmer safety, environmental sustainability, and optimal agricultural
productivity.
1. Introduction

Agrochemicals (agricultural chemicals) are chemical substances used to manage agricultural ecosystems
and optimize plant health, yield and quality. These are generally used to protect plants from pests, diseases,
weeds and also supply nutrients to the soil for healthy plant growth. In India, their use is widespread in large-
scale farms as well as smallholdings. Agrochemicals have played a significant role in modern agriculture by
helping farmers increase crop yield.

1. Types of Agrochemicals

Agrochemicals encompass a wide range of substances including both synthetic and naturally derived
products. They can be broadly classified as (See Table 1):

i. Pesticides:

Pesticides are chemical substances used to control pests. They include insecticides, herbicides,
fungicides, bactericides, rodenticides, nematicides and acaricides.

ii. Fertilizers:

Fertilizers are substances used to supplement the soil with essential nutrients required for plant
growth. They can be either organic - made from natural materials like compost, manure, and green manure;
or inorganic - manufactured using chemicals, containing nutrients such as nitrogen (N), phosphorus (P),
potassium (K), and micronutrients that are necessary for plant growth.

iii. Plant growth regulators:

Plant growth regulators are substances that regulate plant growth and development. They are used
to improve crop quality, increase yield, and promote uniform ripening of fruits.

iv. Soil conditioners:

Improve soil health and quality such as soil structure, pH, and also microbial activity.

Popular Brands and Companies of Agrochemicals in India

UPL Ltd, Bayer CropScience, Coromandel International, Sumitomo Chemical India Ltd, PI Industries,
Rallis India, Dhanuka, Agritech, Syngenta are among the major agrochemical manufacturers and marketers
in India.
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16.1. B. Compatibility of Agro Chemical

Compatibility of agrochemicals refers to the ability of two or more agrochemicals to be mixed and
applied together without reducing their effectiveness or causing harmful effects to crops, equipment, or the
environment.

i. Importance of Compatibility

In practice, many farmers often mix two or more agrochemicals in the same spray tank to
save time, fuel, water, labour and high operational costs. If the products are compatible, this can be an
efficient practice. However, if the chemicals are incompatible, mixtures may form lumps, separate into
layers (oil and water phases), or change the pH of the solution. This can cause crop damage, reduced
effectiveness, increased toxicity or equipment damage leading to economic losses. In some cases, harmful
residues may form, and the mixture can contaminate soil and water, affecting beneficial insects and other
organisms.

ii. Types of Compatibility issues when mixing Chemicals

1. Physical incompatibility — Chemicals form lumps, change in colour, settle at the bottom, or separate
into layers.

2. Chemical incompatibility — Chemicals react and become less effective or harmful.

3. Biological incompatibility — Some chemicals kill beneficial microbes or natural enemies when mixed.
Careful choice of products and a jar test before mixing can prevent these risks. For General
Compatibility of Common Agrochemical types in India See Table 2.

i Risks and Consequences of incompatible Agrochemical Mixtures

Mixing agrochemicals without checking compatibility can cause serious problems such as:

ad. Crop Damage (Phytotoxicity): Leaf burn, yellowing, stunted growth, or plant death leading to
reduced yields.

b. Loss of Effectiveness: If chemicals react with each other negatively, their power to control pests,
weeds, or diseases may be reduced or lost completely.

C. Equipment Blockage: Incompatible mixtures may form lumps or thick paste that clogs nozzles,
hoses, and filters in the sprayer, causing delays and extra maintenance costs.

d. Increased Costs: Farmers spend money on chemicals that end up wasted. They may also have to
re-spray the crop, which increases labor and fuel costs.

€. Health Risks: Some reactions can produce harmful gases or residues that are unsafe for the person
spraying and for people consuming the produce later.

f.  Environmental Harm: Spilled or poorly sprayed incompatible mixtures can contaminate soil,
water sources, and harm beneficial insects like bees and earthworms.

ii. Precautions and Safety Measures for the Application of Agrochemicals

a. Before Application

Read the label and instructions carefully, follow recommended dosage and method.
Wear protective clothing: gloves, mask, goggles, long-sleeved shirt, trousers and boots.
Prepare the solution in a well-ventilated area away from children, animals and food.
Check the sprayer for leaks and proper working condition.

e Avoid eating, drinking, or smoking during handling.
b. During Application

e Spray only in suitable weather, avoid strong winds, rain, or extreme heat.

o Keep yourself upwind (wind blowing from behind you to the crop) to avoid inhalation.
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Avoid skin contact or breathing the spray mist.

Do not mix different chemicals unless recommended.

Ensure others, especially children and animals, are away from the field.

C. After Application

Wash hands, face and exposed skin with soap and water immediately after spraying.
Wash and dry protective clothing separately from other laundry.

Store leftover chemicals in their original containers, tightly closed, away from food and water
sources.
Dispose of empty containers safely, never reuse them for household purposes.

Best Practices for ensuring compatibility

Always check product labels for mixing instructions and also refer compatibility charts.
Conduct a jar test before large-scale mixing.

Avoid mixing products unless recommended by agricultural extension officers or product
manufacturers and seek guidance from local Krishi Vigyan Kendras (KVKs).
Apply mixed solutions on time; avoid prolonged storage in spray tanks.

For the detailed list of compatible and incompatible agrochemicals (insecticides, fungicides and
other chemicals including bio formulations), mostly available in India.

Jar Test Procedure (Small-Scale Compatibility Test)
Fill a glass jar half full with the water you will use for spraying.
Add agrochemicals one at a time, in the correct mixing sequence and stir well.

Wettable powders — water-dispersible granules — suspensions — solutions —
emulsifiable concentrates — adjuvants.
Shake gently and observe after 30 minutes.

If you see lumps, layers, heat, or smell -the products are likely incompatible.

Table 1: Classification and Role of Agrochemicals in Agriculture

Category Role/Purpose Examples
Pesticides
Control insect pests such as aphids, ) )
. hoppers, and bollworms Imidacloprid, Cypermethrin,
a. Insecticides that feed on crops Monocrotophos, Chlorpyrifos
Control weeds that compete Glyphosate, Butachlor,
b. Herbicides ) ) )
with crops for nutrients Paraquat, Atrazine, 2,4-D
Control fungal diseases in field Mancozeb, Carbendazim,
c. Fungicides . .
crops, fruits and vegetables Tricyclazole, COC
d. Bactericides control bacterial diseases Streptomycin, oxytetracycline
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e. Rodenticides

Control rats and mice in fields

and storage

Zinc phosphide,

Bromadiolone

f. Nematicides

Kill plant-parasitic nematodes

Carbofuran, Phorate

g. Acaricides Control mites and ticks on crops Fenazaquin, Dicofol
Provide essential nutrients for Urea, DAP, MOP, NPK
Fertilizers plant growth and yield blends, micronutrients

Plant Growth

Regulators

Promote or control plant growth,

flowering or fruiting.

Gibberellic acid, Ethephon,
NAA, Abscisic acid

Soil Conditioners

Improve soil health and quality

(Soil structure, pH, etc.)

Lime, Gypsum, Biofertilizers,

Organic compost, Biochar

Table 2. General Compatibility of Common Agrochemical types in India

Agrochemical
Type Fertilizer Insecticide Herbicide Fungicide
Fertilizer V Safe
Insecticide A Test first Vv Safe
Herbicide + Avoid A\ Test first v Safe
Fungicide A Test first A\ Test first + Avoid v Safe
Conclusion

Agrochemicals help farmers protect crops and increase income. While agrochemicals are
beneficial, overuse or misuse can cause environmental pollution, pest resistance development, health risks
to humans and animals, and loss of biodiversity and harm to beneficial organisms. Hence, they must be
used safely — correct product, correct dose, correct time and correct mixing.
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16.2. A. Types of Pesticide Application Equipment

Application of agro-chemicals including pesticides, herbicides and liquid fertilizers is one of

the cardinal operations in agriculture production. With the advent of technology, various types of pesticide
application equipment suitable for varied cropping systems have been developed. Keeping in view the safety
and residual toxicity in the crops, it is essential to advocate right dose of chemical application along with suitable
equipment. Pesticide application equipment are broadly classified as sprayers and dusters based on the form of
chemical used for application. Dusters are limited to use in storage structures and for community level pest
control (e.g. dusting with DDT to control mosquitoes). Sprayers are most extensively used equipment for
pesticide application in agricultural fields. Spraying refers application of fluids in the form of fine droplets.
Spraying is employed for a variety of purposes such as application of:

Herbicides to reduce competition from weeds

Protective fungicides to minimize the effects of fungal diseases

Insecticides to control various kinds of insect pests

Application of foliar nutrients.

1. Types of sprays:

High VVolume Spray: Diluted spray fluid applied through hydraulic sprayers. The application rate is >
400 L/ha.

Low Volume Spray: It involves spraying of small quantity of spray fluid through air assisted sprayers.
Application rate in low volume spraying ranges between 5 to 400 L/ha.

Ultra Low Volume (ULV) Spray: Spraying of concentrated formulations of spray fluid at very low
quantum (few milli litres per acre). It is commonly used in aerial application of pesticides and the
application rate is < 5 L/ha.

2. Classification of pesticide application equipment

Pesticide application equipment are broadly classified as dusters and sprayers. The detailed

classification is presented below.

a.

Manually Operated Sprayers

iv.

Hand atomizer

The capacity of the fluid container varies from 0.5 to 1 litre.

Generally used for spraying small areas like kitchen garden and experimental laboratory plots.
It has a hydraulic pump inside the container, with cylinder, plunger and a plunger rod.

By operation the plunger up, the spray fluid in the container is sucked into the cylinder through
a ball valve assembly and then pressurised during the downward stroke.

Stirrup pump sprayer

The stirrup pump sprayer is quite popular among the small farmers and vegetable growers due its
simplicity, low cost and ease of operation.

It consists of a double action pump, seamless brass tube barrel, adjustable stirrup foot rest, angular
delivery spout, plunger, handle, spray lance fitted with nozzle, delivery hose and trigger cut- off
valve with strainer.

For operation, the barrel fitted with pump is placed in a bucket containing spray liquid and one
person operates the pump by placing his foot on the foot stirrup and moves the pump shaft fitted
with D type handle.

The other person holds the spray lance and directs it towards the target.

The field capacity of the sprayer is 0.30 ha/day.

Knapsack sprayer

This sprayer is carried on the back of the operator.

The commonly used manually operated knapsack sprayer will have one hydraulic pump working
inside the container.

The spray fluid, which does not require any agitation can be sprayed by using this type of
sprayers.

Up to 0.5 ha/day can be sprayed using knapsack sprayer.

Rocking sprayer
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The rocking sprayer has a pump assembly, fixed on a wooden platform with an operating lever, a
valve assembly with two ball valves, a pressure vessel, suction hose with strainer, and delivery hose
with spray lance.

When the plunger is pulled behind by pulling the lever way from the pump, the spray fluid from the
container is sucked through the strainer and pushes the bottom ball valve above and enters the pump.
Usually a high pressure of 14 to 18 kg/cm? pressure can be built in the pressure chamber

Used for spraying in low crops, tall trees godowns and factories.

Foot sprayer
It is operated by foot.
Consists of a plunger which operates the sprayer by its upward and downward motion as the foot
lever is operated.
Used for spraying tall trees, fruit, citrus plants and gardens.

Power Sprayers

Power sprayers are usually operated by an internal combustion engine with a capacity varying from
1 to 5 hp.

Sometimes power sprayers are also operated by power take off (PTO) shaft of the tractor.

The operating pressure is between 20 to 55 kg/cm?

Consists of a prime mover (engine), tank, agitator, pressure chamber, strainer, boom/lance and
nozzle(s).

Most suitable for spraying in field crops due to ease in use and operator’s reach.

Field capacity of power sprayers is 0.8 to 4 ha/h with an effective swath width of 4-5 m.

The application rate varies between 100 and 200 1/ha for knapsack sprayer and tractor mounted units.

Hydraulic Sprayers
In Hydraulic energy sprayer, the spray fluid is pressurised either directly by using a positive
displacement pump or by using an air pump to build the air pressure above the spray fluid in the air
tight container.
Hydraulic sprayers are of two types’ viz., boom type field sprayer and high pressure orchard sprayer.
A typical hydraulic sprayer consists of spray fluid tank, paddle for agitation, screen, by-pass line,
strainer, pump and boom fitted with nozzles.

Recent developments in Sprayers

i. Self Propelled High Clearance Boom Sprayer

This sprayer is designed for wide range of crops to spray all types of pesticides, weedicides and
fungicides.

High ground clearance ensures less damage for tall ground crops like Cotton, Sunflower, Paddy,
Chilli etc.

Wider boom span ensures extensive coverage.

This sprayer has a field capacity of 3.5 to 5 ha/h depending on crop type and stage of crop.
Stability of high clearance sprayer is the issue to be studied and addressed for varied ground
topographies.

ii. Drone Mounted Sprayer

e Drone Mounted sprayer or simply Drone Sprayer is an unmanned aerial vehicle (UAV) powered
by Lithium Polymer (LiPo) batteries of about 40,000 to 50,000 mAh capacity employed for
spraying operation.

o The lift power is obtained through a set of BLDC motors mounted with propellers.

e  Flight controller unit is equipped with programmed electronic components for operation control
of drone sprayer.

e Drone sprayers are also equipped with a GPS and GNSS receiver and multiple sensors for
collision avoidance and all drones also have wireless remote control.
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e  Multi-rotor drones have similar components but can differ in many ways such as number of
rotors, rotor positions, nozzle location and configurations, type and number of nozzles, vertical
distance between the rotors and the nozzles under them.

e Drone sprayers can cover up to 2 ha of area per hour, provided enough battery power and easy
spray tank refilling facilities.

e Although the drone sprayers fulfill many issues seen in conventional sprayers, the lack of
research data related to use of pesticide formulations, optimum speed and height of spraying for
different field crops and regulations with respect to drone pilot trainings are yet to be addressed.

16.2. B. Spray Nozzles and their Classification

Spray nozzle is an important component of sprayer fitted at the end of spray lance. It is
used to break the liquid into desired spray and deliver it to the plants.
The nozzle performs following four basic functions.
e Atomizes liquid into droplets.
o Disperses the droplets in a specific pattern.
e  Meters liquid at a certain flow rate.
e Provides hydraulic momentum.
Selection of a Spray Nozzle
o  The type of nozzle determines the amount of spray that is generated over a given area, the uniformity
of the spray produced, the coverage obtained and the amount of spray drift.
The nozzle must optimize coverage application rate and operating pressure.
o Nozzle should minimize loss through drift.
e Nozzle tips are usually available in brass, stainless steel, and engineering plastic. Steel tips are most
resistant to corrosion and abrasion.
e Brass tips are very commonly used, but wear out more easily and can be corroded by some
chemicals.
o Engineering plastic is likely to become the most serviceable material for spray nozzles, being highly
resistant to wear-and-tear and corrosion.

Components of a nozzle

e Nozzle body: It is the main component on which other components of a nozzle are mounted.

o  Swirl plate: It is a part of cone type nozzle which imparts rotational motion to the liquid passing through
it.

Nozzle cap: It retains the assembled parts on the nozzle body.

Nozzle disc/tip: Contains final orifice of the nozzle.

Washer (Diaphragm): Prevents leakage of liquid and holds the spring in its position

Strainer: Placed between nozzle tip and swirl plate. It arrests impurities and dust particles to prevent
clogging of orifice.

Classification of Spray Nozzles
There are several types of nozzles available commercially. Basically cone type and fan
nozzles are most common types used in many of the field sprayers.
i.  Hollow cone Nozzle
e The liquid is fed into a whirl chamber through a tangential entry or spiral passage to give
rotating motion.
e The liquid comes out in the form of a hollow conical sheet which eventually breaks up into
small droplets.
ii.  Solid cone Nozzle
e The construction of solid cone nozzle is similar to hollow cone with the addition of an
internal jet which strikes the rotating liquid just within the orifice of discharge.
e The liquid in this nozzle breaks up due to impact force.
iii.  Flat Fan Nozzle
e [t forms a spray pattern in a narrow elliptical shape.
e Liquid is forced to come out as a flat fan sheet which is then broken up into small droplets.
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e This nozzle is employed for low pressure spraying.

iv.  Flood jet Nozzle

o This nozzle is used to apply suspension fertilizer where clogging is an issue in other nozzles
and for spaying of herbicides.

e [t produces large droplets at low pressure range (0.07 to 0.17 MPa).

o Low drift is observed due to large droplets.

e [t has a turbulence chamber that produces a very wide flat fan pattern.

V. Adjustable Nozzle

e It is capable of producing a solid cone, hollow cone and jet spray pattern. Hence it is also
known as triple action nozzle.

e It consists of an eddy chamber where various spray patterns can be obtained by
manipulating the swirl velocity of liquid.

e [tisused in hydraulic sprayers for applying chemicals on trees.

16.2. C. Calibration and care of Pesticide application Equipment

To achieve good results from spraying, the sprayer must be clean and in working condition. It must

be calibrated before every major spraying operation so that the exact quantity of spray is delivered on the
target, which may be plants in the case of insecticide application or soil in the case of herbicides. Sprayers
are calibrated in compliance with BIS Test Code No. IS: 11429-1985 (Reaff. 1999).

Step by step procedure involved in the calibration of sprayers is given below.

v Nozzle Tip Selection

S

ANANEN

a) Considering the manufacturer’s recommendation and field condition select a suitable spray volume
and the operating speed.
b) Select a nozzle tip that would give the required output when operated within the recommended
pressure range.
¢) Considering the spray width, speed and spray volume calculate the nozzle output using following
formula.
V xSW
600
Where,
Q = Output per nozzle, I/min.
V = Spray volume, I/ha.
S = Speed, km/h.
W = Spray width, m
Pre-calibration Check
o Ensure that all sprayer parts are free of foreign material, if any and shall be functioning properly.
o Nozzle tips shall be inspected for proper size and type, wear and defects, if any.
o Check the flow rate of each nozzle using water at rated pressure for uniform output, equal spray
angle and uniform appearance of spray pattern.
o Replace those nozzle tips having flow rates varying from other nozzles checked by + 5 percent
and those having different spray angle or pattern.
Select representative nozzle(s) and direct the spray at desired operating pressure.
Measure the liquid sprayed from the nozzle(s) while operating under the following conditions:
a) Over the measured course length;
b) Over the period of time equivalent to the travel time over the measured course length, and,
¢) Over a fixed period of 5 minutes
The quantity of spray required to refill the tank after operating under the conditions given above shall
be measured.
An accurate liquid level mark shall be used or fill the tank to overflowing before the calibration run and
then measure the quantity required to refill the tank to overflowing after the run.
The boom and the distribution lines shall be full before and after operation.
For accurate measurement the sprayer shall be in a level surface while taking measurements.
The sprayer shall be recalibrated periodically to find out any changes in the variables listed in 6 due to
nozzle wear, pump wear, strainer and nozzle chocking, etc.
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Care and maintenance of Pesticide application equipment
i.  Sprayer should be checked properly and maintained well during spraying season to have seamless
service.
ii.  Clean all the components of sprayer thoroughly every day after the completion of spraying
operation.
iii.  All the moving parts of the components should be lubricated properly as per the schedule.
iv.  Work out, broken and damaged parts should be replaced.
V.  Pump should be greased and checked for its proper working.
vi.  Leaking joints should be attended properly to avoid wastage of chemical.
vii. Care must be taken to avoid entry of foreign material in the spray tank while filling of spray liquid.
General Precautions to be taken for safe use of Pesticides
i.  The name of the container should be properly read and the operator manual should be followed
carefully while operating.
ii.  Pesticides should be always kept in a container with proper label indicating the name and chemical
formula.
iii.  Pesticides should be stored in safe and locked places, away from the reach of children.
iv.  Pesticides should never be placed near food stuffs or medicines.
v.  Empty containers of pesticides should be discarded safely and reuse of containers shall be avoided.
vi.  Necessary protective clothing such as gloves, mask and apron should be worn before commencing
the spraying operation.
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16.3. A. Harmful Effect of Indiscriminate Use of Agricultural Inputs

Agricultural chemicals or agro-chemicals such as pesticides and fertilizers have become essential
for protecting crops and boosting yields. However, indiscriminate use or unsafe handling of these inputs
can cause serious harm to farmers, consumers, and the environment. In India, concerns are rising about soil
degradation, health problems, and food contamination linked to overuse of agro-chemicals. For example,
between 2015 and 2018 improper pesticide use was blamed for 442 accidental deaths in India. Agri-input
dealers play a vital role in preventing such tragedies by guiding farmers on the safe application of agro-
chemicals. This chapter explains the hazards of unchecked agro-chemical use, the issue of pesticide residues
in our food, and practical precautionary measures in procurement, handling, and application of farm
chemicals. Real-life examples and recent initiatives like Integrated Pest Management (IPM), Good
Agricultural Practices (GAP), use of drones, and stricter safety norms are included to provide local context.
By following these guidelines, input dealers can help ensure farming remains productive and safe for
everyone.

Agro-chemicals — Chemical products used in agriculture, including pesticides (insecticides, fungicides,
herbicides, etc.), synthetic fertilizers, and plant growth regulators. They are used to control pests and
diseases or to enhance soil fertility and crop growth.

Integrated Pest Management (IPM) — An eco-friendly approach to crop protection that combines
multiple methods (biological control, cultural practices, mechanical techniques, and as a last resort,
chemical pesticides) to manage pests in an economically and environmentally sound way. [IPM aims to
reduce reliance on chemical pesticides by using them only when pest damage exceeds safe levels.

Good Agricultural Practices (GAP) — A set of principles and codes for farming that ensure sustainability,
food safety, and quality. GAP includes proper use of inputs, environmental care, worker health and safety,
and produce traceability. Following GAP helps farmers produce crops that are safe for consumers and
acceptable in international markets.

Pesticide residues — Tiny amounts of pesticide chemicals that remain on or in crops after application.
Even after harvesting and processing, these residues can be present in food. Regulatory bodies set
maximum residue limits (MRLs) to ensure these traces are at safe levels for consumption.

Harmful Effects of indiscriminate use of Agricultural Inputs

Using pesticides and fertilizers without proper care or recommendation can do more harm than good. Key
problems include:

Health Hazards to Farmers and Workers: Many chemical pesticides are toxic to humans. Without
precautions, farmers can inhale or absorb these poisons while mixing or spraying, leading to acute poisoning
or long-term illnesses. Symptoms range from dizziness and skin burns to nerve damage and cancers. In one
incident in Maharashtra, dozens of cotton growers died after inhaling pesticide spray due to lack of protective
gear. Unfortunately, nearly 44% of farmers in South Asia are estimated to suffer pesticide poisoning
annually — a shocking statistic that underscores the need for safer practices.

Environmental Damage: Excessive chemical fertilizer and pesticide use upsets the natural balance. Soil
scientists warn that indiscriminate use of fertilizers and pesticides “robs the soil of healthy nutrients”
and degrades soil quality. Overuse of urea and other fertilizers can alter soil pH, cause salt build-up, and
reduce fertility over time. Runoff from fields carries nitrates and pesticide residues into water bodies,
polluting rivers and groundwater. Aquatic life, birds, and beneficial insects (like pollinators and natural pest
predators) are all harmed by chemical exposure. Pesticides can also linger in soil, killing useful microbes
and earthworms that maintain soil health. In short, abusing agro-chemicals can turn fertile land unproductive
and contaminate our ecosystem.

Pest Resistance and Resurgence: Ironically, spraying stronger and higher doses of pesticides can make pest
problems worse in the long run. Insects and weeds can develop resistance to chemicals when overexposed.
Farmers then have to spray even more or switch to harsher chemicals, creating a vicious cycle. For instance,
in Vidarbha, farmers found that pests on Bt-cotton became increasingly resistant, leading to heavier pesticide
use each year. This not only raises costs but also erodes the effectiveness of agro-chemicals. Similarly,
overusing herbicides can spawn “superweeds” that no longer die from routine chemicals.
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Economic and Social Impacts: Indiscriminate input use means higher expenses for farmers with diminishing
returns. Crop yields can suffer due to soil degradation and resistant pests. Farmers may fall into debt from
purchasing more chemicals, sometimes contributing to distress and even suicides. Moreover, if produce
carries high residues or quality issues, it may be rejected by markets, hitting farm income. On the consumer
side, fear of contaminated produce can reduce public confidence in food safety. Thus, unsafe agro-chemical
use harms livelihoods and society at large.

Reckless use of agricultural inputs is counterproductive — it endangers human health, destroys
the farm environment, and undermines long-term productivity. These risks highlight why safe and judicious
use of agro-chemicals is so critical.

16.3. B. Pesticide Residues and Safety to consumers

While pesticides help control crop pests, traces of these chemicals can remain on food as pesticide
residues. Consuming fruits, vegetables, or grains with high residue levels can pose health risks, especially
to children, pregnant women, or those with weak immunity. Some immediate effects of eating food with
pesticide residue might include nausea or dizziness, but the greater concern is long-term exposure. Over
time, even low doses of certain pesticide residues can potentially contribute to cancers, hormonal
disturbances, neurological issues, and other chronic health problems.

To protect consumers, the Food Safety and Standards Authority of India (FSSAI) set Maximum
Residue Limits (MRLs) — the highest amount of a pesticide legally allowed in food. These limits are set
based on what is considered safe by scientific risk assessment. However, if farmers use pesticides excessively
or harvest crops too soon after spraying, residues can exceed these safety limits. In fact, an FSSAI monitoring
program (2022-2025) tested over 86,000 food samples across India and found about 2.8% had pesticide
residues above the permitted levels. While a small percentage, this still means thousands of food samples
with unsafe contamination reached the market. Commonly, produce like green leafy vegetables, okra, chili
peppers, and rice have shown instances of high residues in various surveys.

Indian authorities are strengthening surveillance to catch violations. If produce is found with illegal
residue levels, it can be seized and the responsible parties (farmers, traders) penalized. Beyond domestic
concerns, export markets also reject Indian produce if residues exceed international standards, leading to
losses and tarnishing the country's agricultural reputation. For example, there have been cases of Indian tea,
basmati rice, and spices being rejected or facing import restrictions abroad due to pesticide residues.

Consumers today are increasingly aware and concerned about food safety. As input dealers, it is
important to educate farmers on practices that minimize residues: use pesticides only when it is necessary,
stick to recommended dosages, and always observe the waiting period (the gap between last spray and
harvest) so that chemicals break down to safe levels before harvest. Washing and peeling can remove some
residues, but they cannot eliminate chemicals that have penetrated inside fruits or leaves. The surest way
to safeguard consumers is to prevent excessive or improper pesticide use at the farm itself.

By ensuring crops meet safety standards, farmers not only protect public health but also gain access
to better markets (for instance, pesticide-safe produce can be sold under “organic” or “safe food” labels at a
premium). Thus, residue management is now an integral part of good farming and business.

FSSAI (Food Safety and Standards Authority of India) — India’s apex food regulatory agency, under
the Ministry of Health & Family Welfare. FSSALI sets standards for food safety, including permissible
limits of contaminants like pesticide residues in foods, and conducts surveillance to enforce these
standards.

Maximum Residue Limit (MRL) — The highest level of a pesticide residue legally allowed in food or
feed, expressed in milligrams per kilogram. MRLs are set by authorities (like FSSAI) well below toxic
levels, assuming regular consumption. If residues exceed the MRL, the food is considered unsafe and not
marketable.
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16.3. C. Precautionary Measures in Procurement, Handling and Application of Chemicals and Other
Agricultural Inputs

Preventing the harms mentioned above is possible through knowledge and simple precautions. Agri-
input dealers should follow and promote these best practices at each stage — from buying and storing products
to how they are used in the field.

1. Safe Procurement and Storage of Agro-chemicals
Buying and storing pesticides and fertilizers require care to ensure quality and safety:

Purchase from Reputed Sources: Always procure agro-chemicals from licensed manufacturers or
authorized distributors. Avoid dealing in any unregistered or banned pesticides — it is illegal and dangerous.
India has banned dozens of hazardous pesticides (for example, the insecticide Monocrotophos, which
caused many poisoning cases, was finally banned in 2023). Ensure every pesticide product has a valid
registration number from the Central Insecticides Board & Registration Committee (CIBRC) and bears the
official ISI mark or FCO mark (for fertilizers). Spurious or counterfeit products should be shunned as they
can harm crops or users.

Check Labels and Expiry Dates: Read the label on each product. It contains vital information like the active
ingredient, toxicity category, usage instructions, and expiry date. Do not sell or use expired pesticides or
fertilizers. They may decompose into more toxic compounds or lose effectiveness. Also, ensure the
packaging is intact and tamper-proof. Leaking or unsealed containers are a hazard — return them to the
supplier.

Understand Toxicity Labels: Pesticide labels in India carry a color-coded triangle indicating their toxicity
class (Annexure). A red label means extremely toxic (Class I) — handle such products with extreme caution
or avoid them altogether. Yellow means highly toxic (Class II), blue is moderately toxic, and green is slightly
toxic. This coding helps in storage and handling decisions. For instance, you might decide not to stock red-
label pesticides at all due to the high risk. If you do, they must be kept very securely (under lock and key
with clear warning signs).

Proper Storage Conditions: Store agro-chemicals in a dedicated, well-ventilated room or godown, away
from any food, feed, or seed stock. Never keep pesticides or fertilizers in the same space as grains or
grocery items, to prevent accidental contamination. The storage area should be cool and dry, since high heat
or moisture can cause chemicals to degrade or containers to burst/leak. Keep products in their original
containers with labels on — do not transfer them to unlabeled bottles (this prevents dangerous mix-ups). For
safety, always keep the storage locked when not in use and out of reach of children or animals. Post a warning
sign like “Danger — Pesticides” on the door. Additionally, certain fertilizers (like ammonium nitrate-based
ones) are combustible; they should be stored away from any ignition sources. Good housekeeping (cleaning
up any spills immediately, not stacking heavy bags unstably) will reduce risk of accidents in the storage area.

Inventory Management: Stock only as much as needed to meet demand, especially for pesticides. This
avoids long storage times. Practice First-In-First-Out (FIFO) — sell older stock first so products don’t
expire on the shelf. Keep an updated record of purchases and sales. In case of any recall or ban on a product,
you will then know how much is in stock or who bought it.

By sourcing quality products and storing them correctly, dealers can prevent many problems before the
chemicals even leave the shop.

2. Safe Handling and Personal Protection

Handling agro-chemicals — whether in the store or on the farm — is potentially hazardous. The mantra is
“Don’t take chances: use protection and handle with care.” Consider these safety measures:

Use Personal Protective Equipment (PPE): Always wear appropriate protective gear when handling
concentrated chemicals. This includes chemical-resistant gloves (rubber or neoprene), long-sleeved clothing
or coveralls, closed footwear (no open sandals while mixing or spraying), and preferably goggles and a face
mask/respirator especially for toxic fumes. Many agrochemical workers in India do not use adequate PPE,
which has led to rashes, burns, and poisoning. Emphasize to farmers that using basic PPE can save their
health. As a dealer, you might even stock and sell items like gloves, masks or the newly introduced “Kisan
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Kavach” protective bodysuit for farmers. The small investment in safety gear greatly reduces exposure
through skin and lungs during mixing and spraying.

Personal Protective Equipment (PPE) — Safety gear worn to minimize exposure to hazards. For
pesticide handling, PPE includes items like gloves, masks or respirators, goggles/face shield, rubber boots,
and coveralls or aprons that resist chemical penetration. PPE creates a barrier between the chemical and
the user’s skin, eyes, and lungs.

Care in Mixing and Transfer: The highest risk of exposure is often when mixing pesticides (forming the
spray solution) because the product is undiluted and potent. Handle this step with caution. Use tools like
measuring caps or pumps to transfer liquids; never use bare hands. Do not sniff or taste chemicals. Mix
outdoors or in a well-aerated area, and avoid splashes. If a powder or liquid concentrate needs to be measured,
keep it at arm’s length from your face and pour slowly to avoid splatter or dust. If any pesticide or fertilizer
spills on skin or clothes, wash immediately with soap and water. Keep plenty of water nearby during
handling, as well as soap and a first-aid kit for emergencies.

No Eating or Smoking: Never eat, drink, or smoke while handling agro-chemicals. Residue on your hands
or in the air can easily be ingested. Contaminated tobacco or food can lead to internal poisoning. Always
finish the task, wash your hands thoroughly, and only then consume food or chew betel, etc. Likewise, do
not use your mouth to clear clogged sprayer nozzles or siphon out liquids — this has caused fatal accidents.

Avoiding Fumes and Dust: Many liquid insecticides are volatile, and inhaling their vapors can quickly affect
the nervous system. Handle them upwind so the breeze carries fumes away from you, not into your face. For
dusty materials (like certain herbicide or fertilizer granules), wear a dust mask. Remember that your skin
and lungs can absorb pesticides during handling, so minimize exposure time. Do not let the chemical
contact your bare skin — certain body areas (like the scalp, ear and groin region) absorb toxins faster, so
covering up is important.

Hygiene after Handling: After dealing with agro-chemicals, always wash your hands, arms, and face with
soap and water. If possible, take a full shower at the end of the day and change into fresh clothes. Wash
contaminated clothing separately from regular laundry. This prevents accidental poisoning of yourself or
family members from residues on your clothes or skin. Also, clean tools, measuring cups, or buckets used
for mixing — but do not wash them in a household vessel or an area that drains into a kitchen water source.
Dispose of the wash water in a patch of uncultivated land away from wells or ponds.

Safe Storage at Home/Farm: Farmers often buy and keep small quantities of pesticides on the farm. Advise
them to store these chemicals securely — ideally in a locked box or cabinet away from living areas, livestock
feed, or children's reach. The containers should be tightly closed to avoid leaks. Many poisoning incidents
occur when children accidentally ingest pesticides kept in soft drink bottles or food containers, so never
allow transfer of chemicals into food/drink containers! Keep them in original bottles with proper labels
and hazard symbols.

By following these handling precautions, the risk of accidental poisoning or injury drops significantly. The
key is to treat all agro-chemicals with respect — even those considered "less toxic" — and never be
complacent about safety.

3. Safe Application Practices in the Field

Applying agro-chemicals to crops is not just about spraying and walking away — it must be done correctly
to be effective and safe. Below are guidelines for the application phase, which dealers should impart to users
(and practice themselves during any demonstrations):

Follow Label Instructions Rigorously: The pesticide or herbicide label is essentially a legal document that
tells you how to use the product safely and effectively. It will specify the target pests, crops, dosage (e.g.
milliliters per liter of water), and timing. Using more than the recommended dose does not kill extra pests —
it just wastes money and increases risk! Encourage farmers to measure the pesticide accurately as per
instructions. Also, only use the chemical on crops for which it is approved; off-label use can lead to
unexpected residues or crop damage. For fertilizers, apply the recommended quantity per acre based on soil
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testing rather than guesswork. Balanced fertilizer use prevents the harmful effects of over-fertilization (like
nitrate leaching or burning of crops).

Calibration of Equipment: Before spraying, the sprayer should be checked — is the nozzle working and not
clogged? Is the pressure correct? A mis-calibrated knapsack sprayer might release too much chemical or too
little (either causing overdose or ineffective control). Demonstrate to farmers how to adjust nozzle settings
and pressure, and how to maintain their sprayers (cleaning filters, replacing worn-out nozzles). This ensures
the pesticide is applied evenly and at correct rates.

Timing and Weather Conditions: The when and how of spraying are very important. Avoid spraying
pesticides during strong winds or in the heat of midday. Wind can cause spray drift — droplets blowing onto
neighboring fields, houses, or water sources, endangering others and the environment. High temperature and
low humidity cause the spray to evaporate quickly or volatilize, reducing effectiveness and increasing
inhalation risk for the applicator. The best time to spray is usually early morning or late afternoon when it’s
cooler and calmer. Also, do not spray just before expected rain unless the product is rain-fast; rain can wash
pesticides off the crop into soil and water. Similarly, do net irrigate immediately after spraying, as it can
wash off the chemical. Plan the application so that there’s a dry period of a few hours post-spray.

Avoid Human and Animal Exposure: During spraying, no unprotected person (or animal) should be in or
around the field. If farmers work in teams, everyone spraying should wear PPE. Keep children absolutely
away from treated fields. If the field is near a village or road, post a simple warning (“Pesticide Sprayed -
Do Not Enter”) or inform neighbors to avoid the area until the spray dries. Livestock should not graze on
freshly sprayed pastures. Many poisonings in rural areas happen when cattle inadvertently feed on fodder
that was accidentally contaminated; thus, exercise caution to prevent drift or overspray on fodder crops.

Proper Spraying Technique: When using a knapsack or handheld sprayer, the nozzle should be held at the
right height (usually about knee to waist height for most crops) to get good coverage. Too low and the spray
concentrates in one spot; too high and it drifts or covers unevenly. Walk at a steady pace, and apply in a
cross-hatch pattern if possible (spraying from two directions) for uniform coverage on dense crops. Avoid
walking into the just-sprayed area to prevent contaminating yourself — walk backward or sideways with the
wind at your back, so spray moves away from you. Never blow out clogged nozzles with your mouth (use a
soft brush or water to clear them).

Mixing and Tank Management: Prepare only the amount of spray solution needed for the area to be treated,
to avoid leftovers. Do not mix different pesticides together unless the label or agricultural experts specifically
recommend a tank-mix; some mixtures can be chemically incompatible or more toxic to crops. If mixing is
required (say, an insecticide and a fungicide), ensure they are physically compatible and reduce
concentrations if advised. Constantly agitate the spray tank if the product tends to settle.

Post-Application Practices: Once spraying is done, there are a few critical steps often overlooked:

Cleaning: Wash all equipment (inside of tanks, nozzles, buckets used for mixing) with water and detergent
if possible. The rinsate (rinse water) still contains pesticide — do not dump it in a fish pond, well, or near any
water source. Instead, pour it on fallow land or a safe spot away from crops and water. Wash your gloves and
boots (while still wearing them) before removing, so you don’t contaminate your hands while undressing.
Then thoroughly bathe yourself with soap. The clothes worn during spraying should be washed separately
and not mixed with household laundry.

Disposal of Containers: Empty pesticide containers should never be reused for any purpose (especially not
for food or water storage). Perform triple-rinse: pour water in the empty bottle, shake, and add the rinse
water to the spray tank or dispose of it as chemical waste; repeat twice. This ensures minimal residue in the
container. After that, the container should be punctured or crushed so it cannot be used again. Many villages
have campaigns to collect empty pesticide containers for safe disposal — encourage farmers to participate
rather than discarding containers in fields or water bodies. Similarly, fertilizer sacks can be recycled but
should not be used to store grain unless thoroughly cleaned.

Re-entry Interval: Inform farmers about the re-entry interval, which is the waiting time before people can
enter a sprayed field without protective clothing. It’s often around 24-48 hours for many pesticides. Going
in too early can result in exposure from contact with wet residues on leaves. If someone must enter (for
irrigation or other urgent task), they should wear protective clothing.
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Pre-harvest Interval: This is the time to wait after spraying before harvesting the crop (to allow residues to
decline below MRL). It could be a week or more depending on the pesticide. Make sure farmers know this
interval from the label and adhere to it. For example, if a vegetable is sprayed a few days before picking and
sent to market, consumers could be eating harmful residues — a risk to public health and a violation of law.
By following the pre-harvest interval, farmers ensure their produce is safe and meets FSSAI standards.

Use of New Technology — Drones: A notable modern development in safe application is the use of
agricultural drones for spraying. Drones can spray fields from the air in a very uniform and controlled
manner, and importantly, without a human operator being directly exposed to the chemicals. In India, the
government is promoting drone use, seeing it as a “game changer” for agriculture. A drone can finish
spraying an acre in a matter of minutes, far faster than manual labor. This not only saves time but also reduces
the risk of farmers getting spray on their skin or breathing fumes, since the operator can maintain a safe
distance. Kisan drones are being subsidized and training programs are emerging for rural youth to become
drone pilots. Input dealers should stay informed about drone spraying services in their area — it could be a
valuable recommendation for large farms or plantation crops. However, ensure that drone operations are
carried out by certified pilots following DGCA guidelines (e.g. maintaining safe height, avoiding drift to
neighboring areas, and adhering to no-spray buffer zones near habitations).

Integrated Pest Management and Alternatives: The safest pesticide is one that you don’t need to use.
Integrated Pest Management (IPM) is an approach that stresses pest prevention and use of alternatives so
that chemical spraying is minimized. IPM methods include crop rotation, use of pest-resistant seed varieties,
conservation of beneficial insects (like ladybugs or wasps that eat pests), using biopesticides (e.g. neem-
based products, or microbial pesticides like Trichoderma for fungal diseases), and mechanical controls (trap
lights, pheromone traps, hand-picking of insect eggs, etc.). Chemical pesticides are used in IPM only as a
last resort when pests cross economic damage thresholds. The Indian government has adopted IPM as a core
policy and runs 35+ Central IPM Centres that demonstrate these techniques to farmers. Good Agricultural
Practices (GAP) are similarly encouraged — these are farm practices that ensure sustainability and food
safety, for instance, judicious use of inputs, record-keeping of all sprays, and following all regulations. Input
dealers should familiarize themselves with IPM and GAP guidelines so they can advise farmers on them. By
promoting IPM, you help farmers reduce their dependency on hazardous chemicals, which means fewer
health risks and often lower costs. Moreover, many importers and supermarkets now prefer produce grown
under GAP (sometimes requiring Global G.A.P. or India GAP certification), which could open new market
opportunities for farmers following these practices.

Biopesticides — Pest control agents derived from natural materials such as plants (e.g., neem extract),
bacteria, fungi, or minerals. They tend to be target-specific and less harmful to humans and the
environment compared to synthetic pesticides. Examples include Bacillus thuringiensis (a bacterium that
produces insecticidal proteins), Trichoderma fungus (used against plant diseases), and neem oil (a
botanical insect repellent). The government is simplifying registration to promote biopesticide use.

National Initiatives and Regulations: Be aware of, and inform customers about, relevant government
initiatives. For example, India’s Insecticides Act, 1968 and Insecticide Rules regulate pesticide quality and
usage — selling misbranded or unapproved pesticides can lead to penalties. The proposed Pesticides
Management Bill aims to tighten safety and accountability. The FSSAI is enforcing residue standards strictly,
and there's a National Pesticide Residue Monitoring Program that regularly tests produce from markets. The
government also subsidizes soil health cards for farmers to guide balanced fertilizer use rather than blind
application. By keeping abreast of these programs, dealers can assist farmers in compliance (for instance,
guiding them to switch to a safer pesticide if one is banned, or adopting an organic farming scheme if they
wish). The trend is clearly towards safer, fewer chemicals — as evidenced by the government recently banning
several highly hazardous pesticides and promoting organic and natural farming in various states. Embracing
these changes early will give progressive input dealers an edge and ensure they are part of a more sustainable
agricultural future.

By implementing the above precautionary measures at every stage, the risks from agro-chemicals
can be drastically reduced without sacrificing crop productivity. It transforms the dealer from a mere seller
of inputs into a knowledge provider and protector of farmer and consumer well-being.

Conclusion
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The safe application of agro-chemicals is not just a regulatory requirement — it is a responsibility
towards the farming community, consumers, and the environment. Indiscriminate use of pesticides and
fertilizers might give short-term gains, but the long-term consequences — health crises, ecological damage,
and economic losses — far outweigh the immediate benefits. Conversely, adopting safe and judicious
practices ensures that these inputs remain effective tools for agriculture while minimizing harm.

As we have discussed, simple steps like using protective gear, following label directions, avoiding over-
application, and observing waiting periods can prevent most incidents of poisoning and contamination. The
experiences from Indian agriculture, be it the tragedy of pesticide poisonings in Yavatmal or vegetables with
high residues being flagged by FSSALI all point to one lesson: we must respect these chemicals and use
them with care and knowledge. Agri-input dealers, being the interface between manufacturers and farmers,
have a crucial role in this effort. By guiding farmers on safety, you help protect their lives and livelihoods.
You also help produce safer food for consumers and keep our soil and water healthy for future generations.

The agricultural landscape is evolving, with increased emphasis on IPM, organic farming, and advanced
technologies like drone spraying or new PPE innovations (like the Kisan Kavach suit) to ensure safety.
Dealers should update themselves continuously on these developments. Encourage farmers to adopt Good
Agricultural Practices — these not only reduce risks but can improve yields and marketability of produce
in the long run. The government’s push towards biopesticides and reduced chemical use indicates that the
future belongs to safer, greener farming methods.

Safety in agro-chemical use is integral to sustainable agriculture. With proper precautions, training, and
a mindset of care, agricultural chemicals can be used effectively without endangering lives. Let us commit
to spreading this knowledge and practice — so that the “green” in India’s Green Revolution refers not only
to crop fields, but also to safe and healthy farming practices. Through responsible action today, we can ensure
a healthier tomorrow for our farmers, consumers, and environment.

Monocrotophos — A highly toxic organophosphate insecticide once widely used on cotton and other crops
in India. It is extremely hazardous to humans (classified in WHO Class Ib). Monocrotophos was
implicated in many poisoning cases (the Yavatmal tragedy) and has been banned in India as of 2023.

Annexures

Pesticide Toxicity Categories and Label Colors: In India, all pesticide containers carry a color-coded label
to indicate their toxicity hazard classification, as per the Insecticide Rules. The four categories and their label
colors are:

¢ Extremely toxic — Red label (Category I). These pesticides have an acute oral LDso up to 50 mg/kg
(very dangerous even in tiny amounts). The label also displays a skull-and-crossbones symbol with
the word “POISON™.

e Highly toxic — Yellow label (Category II). Acute oral LDso between 51-500 mg/kg. Labels bear the
word “POISON” in red and strict warnings.

e  Moderately toxic — Blue label (Category III). Acute oral LDso between 501-5000 mg/kg. Labels
show the word “DANGER” and precautionary statements.

¢ Slightly toxic — Green label (Category IV). Acute oral LDso beyond 5000 mg/kg (relatively safer).
Labels carry the word “CAUTION”.

Dealers and farmers should pay attention to these color codes. Red and yellow label pesticides, being
extremely or highly hazardous, require stringent handling or are best avoided if safer alternatives exist. Blue
and green label products are less toxic but still require basic precautions. This labeling system helps in risk
awareness and safe storage segregation. (LDso values refer to the lethal dose required to kill 50% of test
animals; lower values indicate higher toxicity.
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