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Farming system and sustainable agriculture



Course outline
1. Farming system – definition, scope, importance and historical retrospection

2. Farming system concepts, principles and characteristics

3. Types and systems of farming and factors affecting types of farming

4. Farming system components, contribution by components in farming system and their maintenance

5. Cropping pattern and cropping system,  Classification of cropping system,  Multiple cropping systems,  Efficient 
cropping systems and their evaluation

6. Allied enterprises in farming system and their importance

7. Sustainable agriculture problems and their impacts on agriculture, indicators of sustainability adaptation and 
mitigation

8. Resource use efficiencies and optimization techniques

9. Resource cycling and flow and energy in different farming systems

Examination:

I prefinal : 25 marks

II prefinal : 25 marks

Final : 50 marks 



Chapter 1: 

FARMING SYSTEM DEFINITION, SCOPE, 
IMPORTANCE AND HISTORICAL 

RETROSPECTION



• Farming system views the whole farm as a system: integration of
crops, animals, soil, inputs, environment influence, etc. Wherein
the farm family attempt to produce output within the limitations
of its capability, resources and socio-cultural setting.

• Combination of livestock and crop activities have helped the
farmers in the past, almost all over the world, to use the manure
as fertilizer for crops and the crop residues as feed for livestock.

• Farming system assumes greater importance for sound
management of farm resources to enhance the farm
productivity, reduce the environmental degradation, improve
the quality of life of resource poor farmers and to maintain
sustainability.



FARMING SYSTEM DEFINITION 

Different scientists have defined a farming system differently. However, many
definitions, in general, convey the same meaning that it is strategy to achieve profitable
and sustained agricultural production to meet the diversified needs of farming
community through efficient use of farm resources without degrading the natural
resource base and environmental quality.

Relatively recent definitions:

• Lal and Miller 1990-Farming system is a resource management strategy to achieve
economic and sustained agricultural production to meet diverse requirements of farm
livelihood while preserving resource base and maintaining a high level of environment
quality.

• Sharma et al. 1991-Farming system is a set of agro economic activities that are
interrelated and interact with themselves in a particular agrarian setting. It is a mix of
farm enterprises to which farm families allocate its resources in order to efficiently
utilize the existing enterprises for increasing the productivity and profitability of the
farm. These farm enterprises are crop, livestock, aquaculture, agro forestry and agri-
horticulture.



• Pandey et al. 1992
Farming system is a mix of farm enterprises such as crop, livestock,
aquaculture, agro forestry and fruit crops to which farm family
allocates its resources in order to efficiently manage the existing
environment for the attainment of the family goal.

• Jayanthi et al. 2002
Farming system represents an appropriate combination of farm
enterprises viz, cropping systems, horticulture, livestock, fishery,
forestry, poultry and the means available to the farmer to raise them
for profitability. It interacts adequately with environment without
dislocating the ecological and socio-economic balance on one hand
and attempts to meet the national goals on the other.

• FAO
A farming system is defined as a population of individual farm
systems that have broadly similar resource bases, enterprise
patterns, household livelihoods and constraints and for which similar
development strategies and interventions would be appropriate.



SCOPE OF FARMING SYSTEM

Agriculture development has undergone profound changes during last two centuries. In western
countries, machine power replaced animal power and fertilizer replaced organic manures.

Similarly in India, during past five decades improved production technologies were introduced. But
these development activities are confined to agriculturally intensive 44 districts of our country. Besides
that, those improved technologies pose many problems:

• High cost of inputs
• Market price of farm produce does not match with high cost of cultivation
• Environment pollution eg Nitrate accumulation
• Soil degradation
• Low level of subsidy/govt support to farming community

Technologies developed for the individual crop became economically not viable and sustainable. Hence
farming system play a vital role to improve farmers income by linking allied enterprises (2 or more).

Similarly, under the dryland agriculture (99 mha in country area and farmers are mostly marginal and
small) many problems are there:

• Uncertain income and yield from crops (Due to uncertain rainfall)
• Farm labours are under employed (crop season is short)
• Natural resource degradation (Soil and nutrient loss)

So, under dryland agriculture too, farming system approach can play a vital role in augmenting income
of farmers



IMPORTANCE OF FARMING SYSTEM

1. Recycling and utilization of other available resources in the farm: There is effective
recycling of waste material in farming system. The word system itself signifies the
assemblage of objects united by some form of regular interaction or interdependence.
It specifically refers to crop-combination or enterprise -mix in which the products
and/or the by-products of one enterprise serve as the input for the production of
other enterprise.

2. Maximum possible return and profitability: Use of waste material of one component in
the other at the least reduces cost of production and net profit is increased. Due to
interaction of enterprises like crops, eggs, milk, mushroom, honey, cocoons silkworm
farming there is flow of money to the farmer round the year.

3. Create adequate employment opportunities: Combing crop with livestock enterprises
would increase the labour requirement and help in reducing the problems of under
employment. IFS provide enough scope to employ family labour round the year.

4. Productivity: IFS provides an opportunity to increase economic yield per unit area per
unit time by virtue of intensification of crop and allied enterprises.

5. Potentiality or Sustainability: Organic supplementation through effective utilization of
byproducts of linked component provides an opportunity to sustain the potentiality of
production base for much longer periods.

6. Balanced Food: The linked components of varied nature enable to produce different
sources of nutrition.



7. Environmental Safety: In IFS waste materials are effectively recycled by linking
appropriate components, thus minimize environment pollution.

8. Adoption of New Technology: Resourceful farmers (big farmer) fully utilize the
technology due to linkage of different components (crop with dairy / mushroom /
sericulture / vegetable). Money flow round the year gives an inducement to the
small/marginal farmers to go for the adoption of latest technologies.

9. Saving Energy: Organic wastes available in the system can be utilized to generate biogas.
This alternative source thus reduces our dependence on fossil energy sources within
short time.

10. Meeting Fodder crisis: Every piece of farm area is effectively utilized. Plantation of
perennial legume fodder trees on field borders fixes the atmospheric nitrogen. These
practices will greatly relieve the problem of non – availability of quality fodder to the
animal component linked.

11. Solving Fuel and Timber Crisis: By linking agro- forestry appropriately, the production
level of fuel and industrial wood can be enhanced without any effect on crop. This will
also greatly reduce deforestation, thus preserving our natural ecosystem.

12. Agro – industries development: When one of produces in farming system is increased to
commercial level, the surplus lead to the development of allied agro – industries.

13. Increasing Input Efficiency: Farming system provides good scope to use inputs in
different component with greater efficiency and benefit cost ratio.



Historical retrospection

Forest gardens:

In many parts of the humid tropics, indigenous system of forest gardening (silvi-
horticulture) developed. For example village agro-forest existed in Java since at
least 10th century (today, comprise 15-50 % of the total cultivated village land). It
provides wide range of products: high value food (fruits, vegetables, meat, eggs,
etc.), other products (fire wood, timber, medicines).

In small plots (often less than 0.1 ha), Javanese peasants mix a large number of
plant species. Within a village 250 different species of diverse biological types
may be grown: annual herbs, perennial herbaceous plants, climbing vines,
creeping plants, shrubs and trees ranging from 10-35 m in height.

Livestock from an important component of this agro-forestry system (particularly
poultry, sometimes sheep & goat freely grazing or fenced in shade). Animals have
an important role in nutrient recycling. Fish ponds are common, fish are fed with
animal & human waste.

Natural process of cycling water & organic matter is maintained: dead leaves and
twigs are left to decompose, keeping continuous litter layer & humus on soil
surface.



Shifting cultivation
It is an alteration between crops and long term forest fallow (forest
is cut & burnt to clear the land and crops are grown, after some
years fields are abandoned and the farmers clears another piece of
forest). It is still in practice to manage soil fertility.

Transhumant pastoralism
Transhumant pastoralism is one of the dominant livestock
production systems in West Africa, and it is characterized by
seasonal and cyclical movement of varying degrees between
complementary ecological areas. The common pattern of
transhumance is moving herds from areas with pasture and water
scarcity to areas where the forage and water are found, often in the
sub-humid zone.



End of chapter 1



Chapter 2:
FARMING SYSTEM CONCEPTS, 

PRINCIPLES AND CHARACTERISTICS



Farming System Concept

• A farm is a system and it has inputs, processes and outputs. Depending on the type of farming
(arable, commercial, subsistence, etc.) the type and amount of inputs, processes and output
will vary.

• Income through arable cropping alone is insufficient for bulk of the marginal farmers.
Activities such as dairy, poultry, fishculture, sericulture, bio-gas production, edible mushroom
cultivation, agro-forestry and agri-horticulture, etc., assumes critical importance in
supplementing farm income. It should fit well with farm level infrastructure and ensures full
utilization of by-products. Integrated farming system is only the answer to the problem of
increasing food production for increasing income and for improving the nutrition of small scale
farmers with limited resources.

Other Concepts:

• Recycling products/ by products of one component as input to another linked component.

• Reduction in cost of production

• Increase in productivity per unit area

• Increase in total income of farm

• Effective utilization of family labours around the year.



Principles of FS

• Simultaneous achievement of increased agricultural
productivity, enhancement of natural capital and
ecosystem services.

• Higher rate of efficiency in the use of key inputs,
including water, nutrients, energy, land and labour.

• Use of managed and natural biodiversity to build
system resilience to abiotic, biotic & economic stresses.



Characteristics of FS

It is holistic in nature:

The whole farm is viewed as a system encompassing interacting subsystems.

No particular enterprise is considered in isolation.

It looks farm family household as a system of natural & human component.

It is farmer participatory:

It involves farmer’s participation at different stages of technology generation & dissemination
(including system description, problem diagnosis, search for appropriate technology, design of farm
trials, monitoring and evaluation, feedback and diffusion)

It is problem solving:

Research process starts with the diagnosis of problems & tracing of their biological, physical, socio-
economic and institutional constraints that influence technological solutions.

It is gender sensitive:

Explicitly acknowledges the gender differentiated roles of farm families in agriculture.

User perspective in technology development is emphasized by reviewing farming system in terms of
activities analysis, access and control over resources, benefits and implications in developing relevant
research agenda.



It is interdisciplinary:
It lays greater emphasis on inter disciplinary cooperation among biological and social
scientists.
It adopts interdisciplinary approach to solve agriculture problems.

It is interactive and iterative:
Interactions with farmers at each step of technology generation are followed
sequentially.
Approach is iterative: recurrent analysis of the farm system, permitting continuous
learning and adaptations.

It emphasizes extensive on-farm activities:
It emphasizes on farm research with FS perspective (search of multiple options for
problem solving)
Farmers, researchers & extension workers work as partners influencing each other.

It compliments experiment station research:
Identified technologies can be adopted to specific situation through technology
verification trials/ adaptive trials.
It may require further on-farm trials for technology refinements and adaptations to
micro-ecological areas.



It acknowledges the location specificity of technical solutions.

It recognizes inter dependencies among multiple clients:

Productive, interactive linkages among policy planners, researchers (on-
station & on-farm), extension and development agencies and farmers are
important in contributing to the process of agricultural development.

It emphasizes feedback:

Great importance is placed on feedback to modify the content of subsequent
on-farm trials, initiate new experiments and even change research priorities
and affect policy shifts based on micro level analysis.



End of chapter 2
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TYPES AND SYSTEMS OF FARMING
AND FACTORS AFFECTING TYPES OF 

FARMING (2 lectures)



TYPES OF FARMING

1. Specialized and Diversified Farming
When major income is derived from a single enterprise it is known as
specialized farming. Under this type of farming, the major enterprise generally
contributes more than fifty per cent to total farm income. Examples: sugarcane
farm, cotton farm, wheat farm, poultry farm, piggery farm, etc. In such cases a
particular enterprise is predominant.
In case of a diversified farm, a number of enterprises are taken up on the farm
and no single enterprise is relatively much more important.
Thus, the difference between a specialized and diversified faming is on extent
to which different enterprises are taken up. The former implies two or three
crops or relatively less number of crops, and the latter, five or six or even more,
i.e., a relatively large rnumber of crops.
The specialized farming is drawn more extensively into commercial and
business relationship and is closer to the same principles which underline
other business undertakings. But in diversified farming, in general, producers
live mostly on the products of their farm and the farms produce almost as
many things as needed by the family and the farm.



2. Mixed Farming
It is a combination of many enterprises which are of independent nature and
result to a certain extent, in diversification. In India, mixed farming generally
means arable farming mixed with livestock raising for milk yields.
If a farm is to be categorized as a mixed type, at least ten per cent of its gross
income must be contributed by the livestock. This contribution in no case
should exceed 49 per cent.
The livestock enterprise is complementary to crop production so as to provide
a balanced and productive system of farming.
Under Indian conditions mixed farming offers many advantages and some of
the important ones are as follows:
• Crops provide feed to the livestock and the latter give manure to the

farmer. Thus both add to the productivity of each other.
• Even today the mode of transport in rural areas is livestock. Mixed

farming provides draft animals to the farm.
• Better utilization of labour: Not much additional labour is needed. The

requirement for both the enterprises can be taken care of either by the
same amount of labour, or even if extra labourers are needed, their
numbers will not be high.

• Greater chance for intensive cultivation and higher profit per unit
resource.



3. Dry and Irrigated Farming
Dry farming generally refers to an area which receives less than 50 cm of
annual rainfall. Areas where rainfall is upto 75 cm, but is in coincidence
with high temperature and greater wind velocity resulting into a heavy
loss of water may also be considered under this category.
Irrigated farming refers to hamessing of artificial resources of water for
crop raising in areas where rainfall is insufficient or not well distributed
over a period of time.
Dry lands are generally poor in soil fertility and conserving the soil fertility
is the biggest problem under such type of farming. Therefore, organic
manures become important in such lands.
Dry farming is defined as "successful crop production in areas of low or
deficient rainfall which is so designed that all the available moisture is
consumed and crop treatments are so devised that the average to fair
yields are obtained with little or less amount of water available. These will
not only prevent deterioration of soil but will increase soil fertility, giving
prospects for higher yield. Fully decomposed farmyard manure or compost
can be tried with advantage.



4. Ranching
Ranching means practice of grazing animals, especially sheep and
goat, and is always on public land. Sometimes, such land is utilized
for raising dairy stock. It is then known as dairy ranch. Ranching is
common in Australia and Tibet. In India, ranching is not common and
is gradually disappearing because of the increasing pressure on the
agricultural land. Some parts of Rajasthan, ravines of river Chambal,
some portions of Agra Division, etc., are examples of this type of
farming.
The term ranching is not under the specification provided for the
farm i.e. it is not in the control of any owner nor it is enclosed by any
boundary.
However, in areas where other animals cannot be successfully reared
for want of sufficient fodder and only sheeps and goats live, people
have not left this profession.



5. Organic Farming

A system of agriculture that encourages healthy soils and crops through
practices such as nutrient recycling of organic matter (such as compost
and crop residues), crop rotations, proper tillage and the avoidance of
synthetic fertilizers and pesticides (IASA, 1990)

6. Natural Farming

A system of agriculture devised by Masanobu Fukuoka that seeks to
follow nature by minimizing human interference i.e. no mechanical
cultivation, no synthetic fertilizers or prepared compost, no weeding by
tillage or herbicides and no dependence on chemicals.



7. Biodynamic Farming (very similar to organic farming)
The Biodynamic farming method was originally developed by the Austrian
scientist-philosopher Rudolf Steiner (1861-1925). Steiner presented a philosophy;
he called anthroposophy, "A path of knowledge that strives to lead the spiritual in
man to the spiritual in the universe". He believed that soil contained the essence
of life and should be treated with various preparations to enrich the life force and
microbiological life within it in order to create ideal conditions for growing food.
This philosophy forms the foundation of biodynamic farming.
Biodynamic promotes the idea of the farm as a self-contained, mixed operation
providing its own seeds, fertility and feed for a wide range of animals and
environments; from ponds and hedges to orchards, woods and pasture. The use of
nine specific preparations described by Steiner and manufactured in extracting
and sometimes mystifying ways is a unique part of this method. The preparations
use mineral, plants, and animal manure extracts, usually fermented and applied in
small portions to compost, manure, the soil or directly on to plants.
At the heart of the method, is a belief that the influence of planetary rhythms and
cosmic forces is as important to the growth of plants and animals as the effects of
gravity, chemistry, and physics. Lunar and astrological cycles play a key role in the
timing of biodynamic practices.



8. Bio-Intensive Farming

Also known as the French intensive method, it was developed in the U.S.
by Alan Chadwick (1909-1980) and is considered as a cross between
Rudolp Steiner's bio-dynamic method and the intensive market garden
systems used around Paris around 1900.

The method uses double-dug (https://www.youtube.com/watch?v=19I1y-
N999U), permanent raised beds, intensive (closely spaced) planting of
seeds, compost and companion planting. It has gained wide acceptance
for use on small farms, which are often referred to as Bio-intensive Mini-
Farms (BIMF). When compared to conventional agriculture on similar sized
plots, this method appears to yield two to ten times more produce using
only one-third to one-tenth of the water.



9. Response Farming
Response farming focuses on water and its management at farm level.
The concept is that improved information about water supply (rainfall) prospects and about
impacts of alternative actions which may be taken, would equip farmers to more closely meet their
goals. Response farming which determines the general suitability of the rainfall regime for
cropping, quantifying viable lengths of growing seasons for varietal selection, and season water
supplies (germ soil water + all subsequent rainfall) which, when compared to known water
requirements of alternative crops, facilitates selection of crop types to receive closer scrutiny.
Aiming at boosting yields and shedding poverty in good monsoon years and providing food security
in low rainfall years while upgrading soil tilth and fertility.

10. Precision Farming
Precision agriculture is a "management strategy that employs detailed site-specific information to
precisely manage production inputs. This concept is sometimes called Precision Agriculture,
Prescription Farming, Site-specific Management. The idea is to know the soil and crop
characteristics unique to each part of the field, and to optimize the production inputs within small
portions of the field. The philosophy behind precision agriculture is that production inputs (seed,
fertilizer, chemicals, etc.) should be applied only as needed and where needed for the most
economic production." (Source:Stephen W. Searcy, ”Precision Farming: A New Approach to
CropManagement", Texas Agricultural Extension Service, Publication L-5177).



11. Biological Farming and Ecological Farming

"Biological farming is a system of crop production in which the producer tries to minimize the use of
‘chemicals’ for control of crop pests". Both biological farming and ecological farming are terms used in the
broader sense, encompassing various and more specific practices and techniques of farming sustainability,
e.g., organic, biodynamic, holistic, natural.

The term biological often refers to organic farming, whereas the term ecological refers to organic plus
environmental considerations such as on-farm wildlife management i.e., the relationships between parts
of the agro ecosystem (David Norman et al.,1997).

12. Integrated Farming

involves integration of two or more enterprises with best use of available resources to satisfy maximum
needs of the owner which leads to increase in productivity per unit area, efficient recycling of farm
wastes, better utilization of resources, generate employment, reduce the risks and ...

A unique and reasonably stable arrangement of farming enterprises managed according to well defined
practices in response to the physical, biological and socio economic environments and in accordance with
the house hold's goals, preferences and resources.

An integrated farming system is a natural resource management unit operated by a farm household, and
includes the entire range of economic activities of the family members (on-farm, off-farm agricultural as
well as off-farm non-agricultural activities) to ensure their physical survival as well as their social and
economic well-being.



FACTORS AFFECTING TYPES OF FARMING SYSTEM

• Economic factors such as subsidies, commodity prices, labour laws, 
cost of land, transport, capital and markets, etc. affect farming.

• Climatic factors such as light, water and rainfall, temperature, air, 
relative humidity and wind also affect farming.

• Physical factors such as topography/relief, soil and climate affect 
farming.

• Technology affects farming.
• Education/Farming Knowledge affect farming.
• Political factors such as government policies affect farming.
• Social factors such as land ownership and inheritance and type of 

farming in practice affect farming.



SYSTEM OF FARMING

Systems of farming based on different organizational set up, may be
classified into six broad categories:

1. Peasant Farming
This system of farming refers to the type of organization in which an
individual cultivator is the owner, manager, and organizer of the
farm. He makes decisions and plans for his farm depending upon his
resources which are generally meager in comparison to other
systems of farming.
The biggest advantage of this system is that the farmer himself is
the owner and therefore, free to take all sorts of decisions. A
general weakness of this system is that the resources with the
individual are less in comparison to those of the other systems.
Another difficulty is because of the law of inheritance. An individual
holding goes on reducing as all the members in the family have
equal rights in that land.



2. State Farming
State farming, as the name indicates, is managed by the
government. Here the operation and management is done by the
government officials.
But such farms are not many and they are generally attached either
to some institution or they themselves are institutions for a
particular work.
Supervision is done by the farm manager or farm incharge who in
turn is a government official. All the labourers are hired on daily or
monthly basis and they have no right in deciding the farm policy.
Such farms are not very paying because of lack of incentive. There is
no dearth of resources at such farms but sometimes it so happens
that they are not available in time and fully utilized.
Farm policy is usually planned at the top whereas, farming is such a
profession which requires immediate and at the spot decisions.
Suratgarh farm in Rajasthan and state farm in Bahraich in Uttar
Pradesh are some of the examples of this system.



3. Capitalistic Farming
The management and ownership of such farms is under rich
persons or capitalists. The size of such farms is sufficiently
large and the management is also quite efficient. These farms
are owned by individuals or group of individuals or share
holders. Resources are plenty, latest technical know how is
used and hence they are efficient. Sugar factory farms,
rubber, coffee and tea plantations are common examples of
such a system.
These farms are not very common in India but common in
USA, Australia, Canada or newly developed agricultural
countries they are very common. The advantages of such
farming are good supervision, strong organizational set up,
sufficient resources etc. its weaknesses are that it creates
socio economic imbalances and the actual cultivator is not
the owner of the farm.



4. Collective Farming
The name, collective farming, implies the collective
management of land wherein large number of families or
villagers residing in the same village pool their resources,
i.e. land, livestock, machinery etc. A general body having
the highest power is formed which manages the farms.
These resources then do not belong to any family or farmer
but to the society or collective. If any farmer wants to
dissociate from it, he can do so but he cannot go with his
share (resource). Money in lieu of his share will be given to
him.
This system is not prevalent in India but common in
communist countries of the World. The worst thing with
this system is that the individual has no voice.
This system was started in Russia. Farming is done generally
on large scale and therefore is mostly mechanized.



5. Co-operative Farming
A cooperative farming society is one in which members pool their
land voluntarily and manage it jointly under a democratic
constitution. The essential element of constitutional farming is that
its constituent members agree and surrender their individual rights
and capacities to take major decisions in respect of farming
enterprise to a common body constituted by them and accept its
decision.
The term cooperative farming is intended to apply to joint farming
and collective farming society. The Planning commission of India
has also pointed out that "cooperative farming necessarily applies
to the pooling of land and joint management". The working group
on cooperative farming defines cooperative farming society "as a
voluntary association of cultivators for better utilization of
resources including man power and land pooled and which majority
of the members participate in farm operations with a view to
increase the agricultural production, employment and income".



The four types of cooperative farming societies prevalent in India 
are as follows:

a. Cooperative Better Farming

The farmers who have small holdings or limited resources join to form a society for some
specific purpose, e. g., use of heavy machinery, sale of products, etc. Profit is not distributed.
The earnings of the member from his piece of land, after deducting the expenses, become the
profit.

b. Cooperative Joint Farming

It means the pooling of land and other possible resources. The members form a general body
which formulates the schemes and does the duties of administration. A member receives daily
wages for his daily work and the profit in the end is distributed according to his share in land.

c. Cooperative Tenant Farming

In this system land belongs to the society. The tenants have no right on land but they carry on
their business independently. A tenant gets all the income after deducting the rent of land and
charges for other services provided by the society.

d. Cooperative Collective Farming

Members do not have any right on land and they cannot take farming decisions independently
but are guided by a general body which is supreme. Profit is distributed according to the labour
and capital invested by the member. eg. Tea cultivation in UK (up to 7 yrs)



The four types of cooperative farming societies prevalent in India 
are as follows:



6. Contract Farming

Contract farming wherein corporate enter into
arrangements with farmers to supply crucial
farm and management inputs and buy-back
the produce, resulting in a win- win situation
for the producer as well as the industry. eg.
Potato cultivation for potato chips



End
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TYPES OF FARMING

1. Specialized and Diversified Farming
When major income is derived from a single enterprise it is known as
specialized farming. Under this type of farming, the major enterprise generally
contributes more than fifty per cent to total farm income. Examples: sugarcane
farm, cotton farm, wheat farm, poultry farm, piggery farm, etc. In such cases a
particular enterprise is predominant.
In case of a diversified farm, a number of enterprises are taken up on the farm
and no single enterprise is relatively much more important.
Thus, the difference between a specialized and diversified faming is on extent
to which different enterprises are taken up. The former implies two or three
crops or relatively less number of crops, and the latter, five or six or even more,
i.e., a relatively large rnumber of crops.
The specialized farming is drawn more extensively into commercial and
business relationship and is closer to the same principles which underline
other business undertakings. But in diversified farming, in general, producers
live mostly on the products of their farm and the farms produce almost as
many things as needed by the family and the farm.



2. Mixed Farming
It is a combination of many enterprises which are of independent nature and
result to a certain extent, in diversification. In India, mixed farming generally
means arable farming mixed with livestock raising for milk yields.
If a farm is to be categorized as a mixed type, at least ten per cent of its gross
income must be contributed by the livestock. This contribution in no case
should exceed 49 per cent.
The livestock enterprise is complementary to crop production so as to provide
a balanced and productive system of farming.
Under Indian conditions mixed farming offers many advantages and some of
the important ones are as follows:
• Crops provide feed to the livestock and the latter give manure to the

farmer. Thus both add to the productivity of each other.
• Even today the mode of transport in rural areas is livestock. Mixed

farming provides draft animals to the farm.
• Better utilization of labour: Not much additional labour is needed. The

requirement for both the enterprises can be taken care of either by the
same amount of labour, or even if extra labourers are needed, their
numbers will not be high.

• Greater chance for intensive cultivation and higher profit per unit
resource.



3. Dry and Irrigated Farming
Dry farming generally refers to an area which receives less than 50 cm of
annual rainfall. Areas where rainfall is upto 75 cm, but is in coincidence
with high temperature and greater wind velocity resulting into a heavy
loss of water may also be considered under this category.
Irrigated farming refers to hamessing of artificial resources of water for
crop raising in areas where rainfall is insufficient or not well distributed
over a period of time.
Dry lands are generally poor in soil fertility and conserving the soil fertility
is the biggest problem under such type of farming. Therefore, organic
manures become important in such lands.
Dry farming is defined as "successful crop production in areas of low or
deficient rainfall which is so designed that all the available moisture is
consumed and crop treatments are so devised that the average to fair
yields are obtained with little or less amount of water available. These will
not only prevent deterioration of soil but will increase soil fertility, giving
prospects for higher yield. Fully decomposed farmyard manure or compost
can be tried with advantage.



4. Ranching
Ranching means practice of grazing animals, especially sheep and
goat, and is always on public land. Sometimes, such land is utilized
for raising dairy stock. It is then known as dairy ranch. Ranching is
common in Australia and Tibet. In India, ranching is not common and
is gradually disappearing because of the increasing pressure on the
agricultural land. Some parts of Rajasthan, ravines of river Chambal,
some portions of Agra Division, etc., are examples of this type of
farming.
The term ranching is not under the specification provided for the
farm i.e. it is not in the control of any owner nor it is enclosed by any
boundary.
However, in areas where other animals cannot be successfully reared
for want of sufficient fodder and only sheeps and goats live, people
have not left this profession.



5. Organic Farming

A system of agriculture that encourages healthy soils and crops through
practices such as nutrient recycling of organic matter (such as compost
and crop residues), crop rotations, proper tillage and the avoidance of
synthetic fertilizers and pesticides (IASA, 1990)

6. Natural Farming

A system of agriculture devised by Masanobu Fukuoka that seeks to
follow nature by minimizing human interference i.e. no mechanical
cultivation, no synthetic fertilizers or prepared compost, no weeding by
tillage or herbicides and no dependence on chemicals.



7. Biodynamic Farming (very similar to organic farming)
The Biodynamic farming method was originally developed by the Austrian
scientist-philosopher Rudolf Steiner (1861-1925). Steiner presented a philosophy;
he called anthroposophy, "A path of knowledge that strives to lead the spiritual in
man to the spiritual in the universe". He believed that soil contained the essence
of life and should be treated with various preparations to enrich the life force and
microbiological life within it in order to create ideal conditions for growing food.
This philosophy forms the foundation of biodynamic farming.
Biodynamic promotes the idea of the farm as a self-contained, mixed operation
providing its own seeds, fertility and feed for a wide range of animals and
environments; from ponds and hedges to orchards, woods and pasture. The use of
nine specific preparations described by Steiner and manufactured in extracting
and sometimes mystifying ways is a unique part of this method. The preparations
use mineral, plants, and animal manure extracts, usually fermented and applied in
small portions to compost, manure, the soil or directly on to plants.
At the heart of the method, is a belief that the influence of planetary rhythms and
cosmic forces is as important to the growth of plants and animals as the effects of
gravity, chemistry, and physics. Lunar and astrological cycles play a key role in the
timing of biodynamic practices.



8. Bio-Intensive Farming

Also known as the French intensive method, it was developed in the U.S.
by Alan Chadwick (1909-1980) and is considered as a cross between
Rudolp Steiner's bio-dynamic method and the intensive market garden
systems used around Paris around 1900.

The method uses double-dug (https://www.youtube.com/watch?v=19I1y-
N999U), permanent raised beds, intensive (closely spaced) planting of
seeds, compost and companion planting. It has gained wide acceptance
for use on small farms, which are often referred to as Bio-intensive Mini-
Farms (BIMF). When compared to conventional agriculture on similar sized
plots, this method appears to yield two to ten times more produce using
only one-third to one-tenth of the water.



9. Response Farming
Response farming focuses on water and its management at farm level.
The concept is that improved information about water supply (rainfall) prospects and about
impacts of alternative actions which may be taken, would equip farmers to more closely meet their
goals. Response farming which determines the general suitability of the rainfall regime for
cropping, quantifying viable lengths of growing seasons for varietal selection, and season water
supplies (germ soil water + all subsequent rainfall) which, when compared to known water
requirements of alternative crops, facilitates selection of crop types to receive closer scrutiny.
Aiming at boosting yields and shedding poverty in good monsoon years and providing food security
in low rainfall years while upgrading soil tilth and fertility.

10. Precision Farming
Precision agriculture is a "management strategy that employs detailed site-specific information to
precisely manage production inputs. This concept is sometimes called Precision Agriculture,
Prescription Farming, Site-specific Management. The idea is to know the soil and crop
characteristics unique to each part of the field, and to optimize the production inputs within small
portions of the field. The philosophy behind precision agriculture is that production inputs (seed,
fertilizer, chemicals, etc.) should be applied only as needed and where needed for the most
economic production." (Source:Stephen W. Searcy, ”Precision Farming: A New Approach to
CropManagement", Texas Agricultural Extension Service, Publication L-5177).



11. Biological Farming and Ecological Farming

"Biological farming is a system of crop production in which the producer tries to minimize the use of
‘chemicals’ for control of crop pests". Both biological farming and ecological farming are terms used in the
broader sense, encompassing various and more specific practices and techniques of farming sustainability,
e.g., organic, biodynamic, holistic, natural.

The term biological often refers to organic farming, whereas the term ecological refers to organic plus
environmental considerations such as on-farm wildlife management i.e., the relationships between parts
of the agro ecosystem (David Norman et al.,1997).

12. Integrated Farming

involves integration of two or more enterprises with best use of available resources to satisfy maximum
needs of the owner which leads to increase in productivity per unit area, efficient recycling of farm
wastes, better utilization of resources, generate employment, reduce the risks and ...

A unique and reasonably stable arrangement of farming enterprises managed according to well defined
practices in response to the physical, biological and socio economic environments and in accordance with
the house hold's goals, preferences and resources.

An integrated farming system is a natural resource management unit operated by a farm household, and
includes the entire range of economic activities of the family members (on-farm, off-farm agricultural as
well as off-farm non-agricultural activities) to ensure their physical survival as well as their social and
economic well-being.



FACTORS AFFECTING TYPES OF FARMING SYSTEM

• Economic factors such as subsidies, commodity prices, labour laws, 
cost of land, transport, capital and markets, etc. affect farming.

• Climatic factors such as light, water and rainfall, temperature, air, 
relative humidity and wind also affect farming.

• Physical factors such as topography/relief, soil and climate affect 
farming.

• Technology affects farming.
• Education/Farming Knowledge affect farming.
• Political factors such as government policies affect farming.
• Social factors such as land ownership and inheritance and type of 

farming in practice affect farming.



SYSTEM OF FARMING

Systems of farming based on different organizational set up, may be
classified into six broad categories:

1. Peasant Farming
This system of farming refers to the type of organization in which an
individual cultivator is the owner, manager, and organizer of the
farm. He makes decisions and plans for his farm depending upon his
resources which are generally meager in comparison to other
systems of farming.
The biggest advantage of this system is that the farmer himself is
the owner and therefore, free to take all sorts of decisions. A
general weakness of this system is that the resources with the
individual are less in comparison to those of the other systems.
Another difficulty is because of the law of inheritance. An individual
holding goes on reducing as all the members in the family have
equal rights in that land.



2. State Farming
State farming, as the name indicates, is managed by the
government. Here the operation and management is done by the
government officials.
But such farms are not many and they are generally attached either
to some institution or they themselves are institutions for a
particular work.
Supervision is done by the farm manager or farm incharge who in
turn is a government official. All the labourers are hired on daily or
monthly basis and they have no right in deciding the farm policy.
Such farms are not very paying because of lack of incentive. There is
no dearth of resources at such farms but sometimes it so happens
that they are not available in time and fully utilized.
Farm policy is usually planned at the top whereas, farming is such a
profession which requires immediate and at the spot decisions.
Suratgarh farm in Rajasthan and state farm in Bahraich in Uttar
Pradesh are some of the examples of this system.



3. Capitalistic Farming
The management and ownership of such farms is under rich
persons or capitalists. The size of such farms is sufficiently
large and the management is also quite efficient. These farms
are owned by individuals or group of individuals or share
holders. Resources are plenty, latest technical know how is
used and hence they are efficient. Sugar factory farms,
rubber, coffee and tea plantations are common examples of
such a system.
These farms are not very common in India but common in
USA, Australia, Canada or newly developed agricultural
countries they are very common. The advantages of such
farming are good supervision, strong organizational set up,
sufficient resources etc. its weaknesses are that it creates
socio economic imbalances and the actual cultivator is not
the owner of the farm.



4. Collective Farming
The name, collective farming, implies the collective
management of land wherein large number of families or
villagers residing in the same village pool their resources,
i.e. land, livestock, machinery etc. A general body having
the highest power is formed which manages the farms.
These resources then do not belong to any family or farmer
but to the society or collective. If any farmer wants to
dissociate from it, he can do so but he cannot go with his
share (resource). Money in lieu of his share will be given to
him.
This system is not prevalent in India but common in
communist countries of the World. The worst thing with
this system is that the individual has no voice.
This system was started in Russia. Farming is done generally
on large scale and therefore is mostly mechanized.



5. Co-operative Farming
A cooperative farming society is one in which members pool their
land voluntarily and manage it jointly under a democratic
constitution. The essential element of constitutional farming is that
its constituent members agree and surrender their individual rights
and capacities to take major decisions in respect of farming
enterprise to a common body constituted by them and accept its
decision.
The term cooperative farming is intended to apply to joint farming
and collective farming society. The Planning commission of India
has also pointed out that "cooperative farming necessarily applies
to the pooling of land and joint management". The working group
on cooperative farming defines cooperative farming society "as a
voluntary association of cultivators for better utilization of
resources including man power and land pooled and which majority
of the members participate in farm operations with a view to
increase the agricultural production, employment and income".



The four types of cooperative farming societies prevalent in India 
are as follows:

a. Cooperative Better Farming

The farmers who have small holdings or limited resources join to form a society for some
specific purpose, e. g., use of heavy machinery, sale of products, etc. Profit is not distributed.
The earnings of the member from his piece of land, after deducting the expenses, become the
profit.

b. Cooperative Joint Farming

It means the pooling of land and other possible resources. The members form a general body
which formulates the schemes and does the duties of administration. A member receives daily
wages for his daily work and the profit in the end is distributed according to his share in land.

c. Cooperative Tenant Farming

In this system land belongs to the society. The tenants have no right on land but they carry on
their business independently. A tenant gets all the income after deducting the rent of land and
charges for other services provided by the society.

d. Cooperative Collective Farming

Members do not have any right on land and they cannot take farming decisions independently
but are guided by a general body which is supreme. Profit is distributed according to the labour
and capital invested by the member. eg. Tea cultivation in UK (up to 7 yrs)



The four types of cooperative farming societies prevalent in India 
are as follows:



6. Contract Farming

Contract farming wherein corporate enter into
arrangements with farmers to supply crucial
farm and management inputs and buy-back
the produce, resulting in a win- win situation
for the producer as well as the industry. eg.
Potato cultivation for potato chips



End
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FARMING SYSTEM COMPONENTS, CONTRIBUTION BY COMPONENTS 

IN FARMING SYSTEM AND THEIR MAINTENANCE 

 

COMPONENTS OF FARMING SYSTEM: 

 CROP COMPONENT 

 ALLIED ENTERPRISES COMPONENT (fish, cattle, sheep, goat, poultry, duck, 

turkey, pigeon, Japanesequail, piggery, rabbit, bee keeping, sericulture, mushroom, 

biogas, agro-forestry, etc.) 

 

COMPONENTS OF FARMING SYSTEM: CROP COMPONENT 

Agricultural classification of crops 

Cereals 

Grains obtained from the members of the family Poaceae. 

e.g. Rice, wheat, maize, sorghum, ragi, barley, pearl millet, fox-tail millet, rye, oats, etc. 

Millets - small grained cereals which are of minor importance as food. 

Pseudo-cereals - plants other than those of Poaceae 

e.g. Buckwheat (Fagopyrum spp - Chenopodiaceae), Grain amaranths (Amaranthus spp.-

Amaranthaceae), Quina (Chenopodium quinoa – Chenopodiaceae) 

Contribution: grain for human and livestock & straw (dry & green fodder for livestock) 

Maintenance: water & nutrient requirement is high of rice and wheat, yield is relatively stable 

Pulses 

Important source of human food - next to the cereals. The term pulse is used for the seeds of 

leguminous plants. 

Pulses supply proteins and form chief source in vegetarian food. Leguminous plants fix 

nitrogen in root nodules - produced with the help of nitrogen fixing bacteria. 

Seeds, pods, leaves and the shoots also contain a high proportion of protein  

e.g. Red gram, black gram, green gram.Bengal Gram (Desi Chick Pea / Desi Chana), Pigeon 

Peas (Arhar / Toor / Red Gram), Green gram (Moong Beans), Chick Peas (Kabuli 

Chana), Black gram (Urad / Mah / Black Gram), Red Kidney Beans (Rajma), Black Eyed 

Peas (Lobiya), Lentils (Masoor), White Peas (Matar), etc. 

Contribution: grain (high protein) & straw (nutritive fodder for livestock) 

Maintenance: less water & nutrient requirement, yield is relatively unstable, high risk 

Oilseeds 

Important both for human consumption and industrial purposes. 



In the human diet, the fat portion is supplied by oils, which give the necessary energy for 

metabolism, besides adding taste to the food. 

Industrial uses: preparation of soaps, cosmetics and lubrication 

e.g. groundnut, rapeseed & mustard, soybean, sunflower, sesame, safflower, etc. 

Contribution: Oil for human use & oil cake for livestock (high fat & protein) 

Maintenance: Sulpher requirement is high, water requirement is low 

Vegetables 

Potato, cabbage, tomato, cauliflower, onion, brinjal, beans, peas, cucumber, etc. 

Contribution: vegetables for human use & foliage (good green fodder for livestock) 

Maintenance: Labour & water requirement is high, yield and price relatively unstable, high 

risk 

Fruits 

Mangos, grapes, apple, apricots, orange, banana, avocados, guava, lichi, papaya, sapota, 

water melons, etc. 

Contribution: fruits for human use  

Maintenance: High labour requirement is there at harvest, price is relatively unstable 

Green manures and green-leaf manures 

Growing of special crops for adding organic matter and nitrogen to the soil and by ploughing 

them in situ is called green manuring. 

eg Sesbania spp., Crotalaria juncea (Sunn hemp) 

Contribution: improves soil fertility 

Maintenance: not much 

Sugars and starches 

Sugar  

Sugar is extracted from sugarcane, sugar beet and palm. Sugarcane top is used as fodder to 

cattle. 

Contribution: Good cash crop, sugarcane stalk for sugar industry & sugarcane top (green 

fodder for livestock) 

Maintenance: Long crop, Labour, nutrient & water requirement is high, yield and price 

relatively stable 

Starches 

Starch is extracted from cassava/tapioca, maize, cassava, sweetpotato, potato and wheat. 

Contribution: economic part for starch and & straw (dry & green fodder for livestock) 



Rubber 

There are trees found in most parts of the world (mostly Africa) that make or provide rubber 

for human uses. It usually takes a long time before they can be able to bring out rubber. The 

rubber they bring out is usually liquid but humans are able to solidify it and change it to 

various forms. 

e.g. rubber plant (90 % in india) 

Contribution: Good cash crop, rubber for industrial purposes 

Maintenance: High labour requirement 

 

Spices  

Classification based upon the parts of the plants from which they are obtained: 
a. Rhizomes and root spices: Ginger, Turmeric, and Garlic. 
b. Seed spices: Nutmeg, Coriander, Fennel, Cumin, Fenugreek, Dill, Aniseed, Celery  

and Bishopweed. 
c. Bark spices: Cinnamon 
d. Fruit spices: Cardamom, Black Pepper, Vanilla, All spice, Cassia, Tamarind, etc. 
e. Leaf spices: Bay leaf, Curry leaf, etc. 
f. Flower spices: Clove, Saffron, Asafoetida, etc. 

Contribution: Cash crops 

Maintenance: High labour requirement 

 

Fibers crops 

Cotton, jute, hemp and natural silk (sericulture) 

Contribution: Good cash crop, fibre for industrial purposes 

Maintenance: High labour requirement during harvesting 

 

Forage Crops 

Grass Fodder  

The annual or perennial grasses are either cultivated or grown in pasture which are the major 

fodder source for cattle: Bajra Napier hybrid, guinea grass, para grass, anjan grass, setaria 

grass, blue panic, marvel grass, Rhodes grass, spear grass, deenanath grass, etc. are the 

common grass species. 

Cereal Fodder  

The cereal crops commonly cultivated for fodder purpose include maize, sorghum, pearl 

millet, teosinte, oats and fodder type small millets such as foxtail millet, barnyard millet and 

finger millet.  



Legume Fodder  

The common legume fodder crops either cultivated for fodder or grown in pasture include 

cowpea, luceme, berseem, soybean, desmanthus,  desmodium, cluster bean and stylosanthes. 

They are rich in protein, a few of them are annuals, but many of them are perennials.  

Tree Fodder 

A number of tree leaves are valued for their fodder and are much useful during summer or 

lean periods, when other green foliage are very much limiting. They are also called as top 

feeds e. g. subabul, sesbania, acacia, etc.  

Miscellaneous 

This group includes sugarcane tops, weeds, mixed forages, bund grass, Tuber crop leaves, 

etc.  

Silage can be prepared during monsoon periods using excess fodder available from maize, 

sorghum, bajra napier hybrid grass, grass-legume mixture, legume and used in summer when 

the fodder availability will be scarce.  

Contribution: Green fodder  

Maintenance: not much 

 

  



 

COMPONENTS OF FARMING SYSTEM: Allied Enterprises 

 

CATTLE 

INPUTS: 

Land requirement for green fodder= 0.25 acre irrigated land/ adult animal (5 dairy 

animalswith followers per acre of land) 

Daily requirement @ 1 kg concentrate per 3 kg milk produced by cattle and 2 kg milk 

produced by buffaloes, green fodder (20- 30 kg), straw 2-7 kg & water 32 lit. 

A 500 kg HF cow giving 20 litres milk/day requires= 20 kg green fodder, 2 kg dry 

fodder/hey/ straw/ silage, 9 kg concentrate/ feed (grains & grain/ oilseed by products), 150 g 

mineral mixture (and produces 13 litre urine and 30 kg dung) 

OUTPUT: 

Milk, calves, urine & dung (30 kg/ day = 120 q/year/cow, it is used for FYM/ 

compostproduction or for biogas, the biogas slurry can be used directly to soil, in vermi-

compost or in compost) 

Rearing of cattle in India is carried out under a variety of adverse climate and environmental 

conditions. The cattle breeds are broadly classified into three groups. 

a) Draft breeds: The bullocks of these breeds are good draft animals, but thecows are 

poormilkers. e. g. Nagore, Hallikar, Kangeyam, Mali. 

b) Dairy breeds: The cows are high milk yielder but the bullocks are of poordraft quality e. 

g.,Sahiwal, Sindhi, Gir 

c) Dual purpose breeds: The cows are fairly good milkers and the bullocksare of good work 

capacity. 

e. g., Hariana, Ongole and Kankrej. 

Exotic breeds: The exotic breeds are high milk yielder, e. g., Jersey, Holstein-Freiesian, 

Aryshire, Brown Swiss and Guernsey. 

Buffaloes: Important dairy breeds of buffalo are Murrah, Nili Ravi (Pakistan), Mehsana, 

Surti, Zafarabadi, Godavari and Bhadawari. Of these, Godavari has been evolved through 

crossing coastal buffaloes in coastal regions of Andhra. 

Housing: Each cow required 12 to 18 sq. m space and the buffaloes need12- 15 sq.m. It is 

important to provide good ventilation and an open shed of housing is always preferable. 



Dairy building should be located at an elevated place to facilitate easy drainage. The floor 

should be rough and have gradient of 2.5 cm for every 25 cm length. 

Breeding and maintenance: The cows remain in milk for 9-10 months. A cow does not 

require more than 6-8 weeks of dry period. Gestation period is 280 days (for buffalo it is 310 

days and lactation period is 7-9 months). 

From the economic point of view, cow should ordinarily be bred during the second and third 

months after calving. In weak animals and heavy milkers, breeding may be delayed by 1 or 2 

months. 

Regular de-worming is needed for cattle maintenance. Under Indian condition, cattle 

commonly mature at the age of about three years. This period can, however, be reduced by 

six months under well managed herd. 

FISH CULTURE  

Inputs: Pond fertilization= poultry/ cow dung l00q, SSP 2.5q, lime 2q per ha per year, 

supplemental feeding @3-5% of body weight (rice bran 50% + oil cakes 50%) 

Outputs: fish (l kg weight) 40-50 q/ha/year, silt 500-l000q/ha/ year (used as fertilizers) 

 

The high cost of feed is the major constraint to intensive fish production. The raising cost of 

fish feed has brought interest in the utilization of animal waste in pond culture. The 

maximum 30 percent dried manure may be included in the fish be feed to obtain equal growth 

with conventional fish feed pellets. Generally, the value of the manure, in increasing order is: 

cattle, sheep and goat, followed by pig, chicken and ducks.  

 

The normal requirement of fresh cattle dung for a fish pond of one hectare is 100-150q so 5-8 

cattle are sufficient to fertilize one hectare of fish pond In addition to 90 q of milk, about 30-

40 q fish/ha/year can also be harvested with 5000-8000 no of fish seed per hectare with ratio 

of 40:20:30:10 for surface: column: bottom: macro-vegetation feeder. 

 

200-300 q of biogas slurry can be recycled in 1 hectare water area to get over 4000 kg (40 q) 

of fish without feed or anyfertilizer application. 

 

In the pool and pond fish production the common fishes are the Silver 

carp(Hypophthalmichthys molitrix), Bighead (AristichthysNobillis) Grass 



carp(Ctenopharyngodonidella) and common carp (Cyprinus carpioL.), Rohu, Katla, Nain, 

etc. 

 

The use of organic manure in fish farming is based on the assumption that the manure is 

utilized through two pathways. 

1. The manure organic matter provides substrates for bacteria and the bacterial laden particles 

provide food. 

2. While the mineralized fraction of the manure stimulates phytoplankton productivity similar 

to the action of inorganic fertilizers.. 

 

Integrated fish farming can be broadly classified into two: 

Agriculture-fish and Livestock-fish systems. 

a) Agri based systems  

Rice-fish integration, Horticulture-fish system, Mushroom-fish system and 

Sericulture-fish system 

b) Livestock-fish system  

Cattle-fish system, Pig-fish system, Poultry-fish system, Duck-fish system, 

Goat-fish system, Rabbit-fish system, etc. 

SHEEP AND GOAT REARING 

The system of sheep and goat rearing in India is different from that adopted in the developed 

countries. ln India, smaller units are mostly maintained. (In developed countries, it is 

practiced in large scale in fenced areas.) 

Goat Rearing 

INPUTS: 

Feedings:  

1. Roughages = tree fodder (40-50 % of green fodder), grasses (1.5 to 2.0 kg/ day)  

2.Concentrate=grains of wheat & rice, potato, etc (100 g/day)  

3. Feed additives= salt, vitamins & minerals 

OUTPUTS:  

Goat (25-30 kg in 9 months), goat kids 2-3 /year, milk 100-1000 ml/day, excreta/ manure 5 q/ 

year (can be used readily) 



Goat rearing is sustained in different kinds of environment, including dry, hot,wet and cold, 

high mountains or low-lying plains. The activity is also associated with different systems 

such as crop or animal-based, pastoral or sedentary, single animal or herd, small or large 

scale. 

Goat is mainly reared for meat, milk, hide and skin. Goat meat is the preferred meat in 

India.A goat on hoof (live goat) fetches a better price than a sheep. 

Housing: Goats can also be maintained under stall-fed conditions. Successful goat rearing 

depends on the selection of site. Goats do not thrive on marshy or swampy ground. Goats are 

to be provided with a dry, comfortable, safe and secure place. 

Sheep Rearing 

INPUTS: roughage, leguminous hay, concentrate, salt + lime stone + bone meal 

OUTPUTS: sheep (meat), kids, wool, manure 

Sheep are well adapted to many areas, these are excellent cleaners and make use of much of 

the waste feed. They consume large quantities of roughage, converting relatively cheap food 

into a good cash product. Housing need not be elaborate or expensive. However, to protect 

the flock from predatory animals, the height of the fencing should be raised to two metres. 

Breeds of Indian sheep: There are three types of sheep in India based on the geographical 

division of the country. 

a) The temperate Himalayan region: Gurez, Karanah, Bhakarwal, Gaddi, Rampur Bushiar. 

b) Dry western region: Lohi, Bikaneri, Marwari, Kutehi, Kathiawari 

c) Southern region: Deccani, Nellore, Bellary, Mandya, Bandur. 

POULTRY REARING 

INPUTS: cereals, cakes/meal, minerals, salt, kitchen waste, fallen grains, insects 

OUTPUTS: Chicks (l-1.5 kg in 6 weeks), eggs (100- 200 eggs/ hen/ year starting from 6 

months to one and half year), droppings 230 g/day/ hen (used by fish) 

Poultry is one of the fastest growing food industries in the world. Poultry meat accounts for 

about 27% of the total meat consumed worldwide, and its consumption is growing at an 

average of 5% annually. Poultry industry in India is relatively a new agricultural industry. 

Till I950, it was considered a backyard profession in India. In the sixties, the growth rate of 

egg production was about l0 % and it increased to 25 % in the seventies. The growth rate 

came down to 7-8% by 1990 due to price rise in poultry feed. Nearly 330 thousand tons of 

broiler meat are currently produced. The average consumption of eggs per person per year in 

India is only 32-33 eggs per capita/ year. As per the nutritional recommendation, the per 

capita consumption is estimated at 180 eggs/year and 9 kg meat /year. 



DUCK REARING 

INPUTS: feeding by foraging: fallen grains, small fishes, etc. 

OUTPUTS: duck, eggs 130-300/ bird/ year, droppings (used by fish) 

Ducks account for about 7 % of the poultry population in India. They are popular in coastal 

and water-logged states like West Bengal, Orrisa, AndhraPradesh, Tamil Nadu Tripura and 

Jammu and Kashmir. Dusks are predominantly of indigenous type and reared for egg 

production on natural foraging. Ducks are quite hardy, more easily brooded and resistant to 

common avian diseases. In places like marshy river side, wetland barren moors where 

chicken or any other type of stock do not flourish, duck farming can be a better alternative. 

TURKEY REARING 

INPUT: crop residues 

OUTPUTS: birds 5.8 kg/year, eggs 150/ bird/ year, 

Turkey is a robust bird and is reared in humid tropics. It actively feeds on a variety of crop 

residues and insects in the farm and hence can be raised with much ease. 

PIGEON REARING 

INPUTS: whole grains 

OUTPUTS: meat at 30-35 days age (body wt 350 g), droppings 25g/ bird/ day (used as fish 

feed or manure) 

Domestic pigeon (Columba livia) belonging to the sub-family Columbia can be reared for its 

meat. Females are smaller than the males. The males are large, aggressive and make a loud 

cooling noise.Males grows faster than the females.Thus, even at an early stage, the gender 

difference can be easily seen based on their body weight. 

JAPANESE QUAIL (बबबब) 

OUTPUTS: meat and eggs 300/year/ bird 

Quails, initially experimental birds, have become popular for their eggs and meat. Males are 

lighter than females. 

Maintenance: Quails need small space and are highly suitable for cage rearing. Therefore, it 

is possible to rear them even in urban areas where space is a major constraint. They are 

socially and commercially more adaptable due to their small body size, shorter generation 

interval and are more economical. 

PIGGERY  

INPUTS: inedible feed, forages, grain by-products, meat by-products, garbage @3.5 % of 

body weight,  



OUTPUTS: meat 

Pigs are fed largely on kitchen waste aquatic plants and crop wastes. Exotic pig breeds Large 

White Yorkshire, Landrace etc. are reared in pig sty near to the fish pond.  

Pigs are maintained for the production of pork. They are fed with inedible feeds, forages, 

certain grain by products obtained from mills, meat by products, damaged feeds and garbage. 

Most of these feeds are either not edible or not very palatable to human beings. The pig 

grows fast and is a prolific breeder, farrowing l0 to 12 pigs at a time. It is capable of 

producing two litters per year under good management conditions. The carcass return is high 

at 65-70 % of the live weight. 

RABBIT REARING 

INPUTS: forages (alfa alfa, etc.), feed (maize, wheat bran, alfa alfa, ground nut cake, mineral 

mixture, salt) 

OUTPUTS: meat 

Rabbit is reared all over the world in various climatic conditions. Rabbit rearing in India is of 

recent origin, though hunting of wild rabbits for meat is common. Rabbits can easily be 

reared with relatively less concentrate feed and with very high reproduction rates. Rabbit 

meat does not have any religious taboo, unlike pork and meat from cow. 

Breeds: Rabbits can be classified into two categories as meat and wool producing ones. 

Important meat breeds are New Zealand White, Soviet Chinchilla and Kandinrex. Breeds for 

wool are Angora, Polish Bolamina, Dan and Flirorida. 

BEE KEEPING 

INPUTS: nectar and pollen (plenty in nature) sources: maize, sunflower,pearl millet, palm, 

etc., skilled labour 

OUTPUTS: honey, wax, better seed setting and yield of crops 

Bee keeping is one of the most important agro- based industries which do not require any raw 

material like other industries. Nectar and pollen from flower are the raw material, which 

available in plenty in nature.  

Bee keeping can even be started with a single colony. 

 

Species: There are two species, Apis cerana indica and Apis mellifera. 

A. cerana is better acclimatized to higher altitudes of the Himalayan region. A. Mellifera is 

more profitable in the plains. 

Management: The bee- keeper should be familiar with the source of nectar and pollen within 

his locality. The most important sources of nectar and pollen are maize, pearl millet, 



sunflower and palm. The beginner should start with 2 and not more than 5 colonies. A 

minimum of 2 colonies is recommended. 

 

SERICULTURE (mulberry cultivation i.e. Moriculture + silk worm rearing + silk realing) 

INPUTS: family skilled labour, mulberry leaves/trees 

OUTPUTS: silk, manure (rejects of mulberry leaves, larval waste) 

Sericulture is defined as a practice of combining mulberry cultivation, silkworm rearing and 

silk reeling. Sericulture is a recognized practice in India. The total area under mulberry is 240 

thousand ha in the country. It plays an important role in socio-economic development of rural 

poor in some areas.The climatic conditions in India are favourable for luxuriant growth of 

mulberry and rearing silkworms throughout the year. The temperature in Karnataka state 

(major silk producing state in India), ranges from 21.2 to 30°C, while climatic condition in 

Kashmir is favourable to rear silk worm from May to October. 

Moriculture: Cultivation of mulberry plants is called as 'Moriculture’. There are about 20 

species of mulberry, of which three are commonly cultivated. They are Morus alba, M. Indica 

and M. latifolia. The crop can yield well for I2 years, after which they are pulled out and 

fresh planting is done. Yield of mulberry leaves is 30-40 t/ha/year. 

There are four types of silk worm: 

a) Mulberry silk worm–Bombyx mori 

b) Eri silk worm –Philosamia ricini (not dependent on mulberry) 

c) Tassar silk worm– Antheraea mylitta 

d) Muga silk worm –Antheraea assamensis 

MUSHROOM CULTIVATION 

INPUTS: straw (paddy/wheat), skilled labour 

OUTPUTS: mushroom (Button mushroom=15-18 % of compost, Oyster and milky 

mushroom= 100 %), mushroom spent (manure) 

Mushroom is an edible fungus with great diversity in shape, size and colour. Essentially 

mushroom is a vegetable that is cultivated in protected farms in a highly sanitized 

atmosphere. Just like other vegetable, mushroom contains 90% moisture with high quality 

protein. Mushrooms are fairly good sources of vitamin C and B complex. The protein have 

60-70% digestibility and contain all essential amino acids. It is also rich sources of minerals 

like Ca,P,K and Cu. They contain less of fat and CHO and are considered good for diabetic 

and blood pressure patients. 

Varieties: 



Oyster mushroom - Pleurotus spp.  

Paddy straw mushroom/ Chinese mushroom – Volvariella volvacea 

White button mushroom –Agaricus bisporus, native to grasslands in Europe and North 

America. 

Milky mushroom - Calocybe indica, first indigenous mushroom to be commercialized in the 

country, can be grown on wide range of substrates as in case of oyster mushroom 

BIOGAS PLANT 

INPUTS: cow dung at least 30 kg/day (other materials like night-soil, poultry litter and 

agricultural wastes can also be used) 

OUTPUTS: biogas, slurry (can be used directly to soil or can be used in vermi-compost or 

compost/ FYM) 

Average gas production from dung may be taken as 40 lit/ kg. of fresh dung when no 

temperature control is provided in the plant. (One Cubic metre= 1000 litres). 

Equivalent quantities : 1 m3 of Bio-gas= 0.620 kg kerosene, 3.474 kg Fire-wood, 12.296 kg 

Cowdung cakes, 4.698 kWh Electricity 

Biogas Requirements: 

Gas Stove= 330 l/ hr /5 cm burner (it can burn for 3 and half hour daily from 30 kg dung) 

Cooking=336 - 430 l/ day / person 

Biogas is a clean, unpolluted and cheap source of energy, which can be obtained by a simple 

mechanism and little investment. The gas is generated from the dung during anaerobic 

decomposition. Biogas generation is a complex biochemical process. The celluloses 

materialis broken down to methane and carbon-di-oxide by different groups of 

microorganisms. It canbe used for cooking purpose, burning lamps, running pumps etc. 

AGROFORESTRY 

INPUTS: land 

OUTPUTS: food, wood, fuel, fodder 

Agroforestry is a collective name for land use systems and technologies in which woody 

perennial (Trees, shrubs, palms, bamboos, etc.) are deliberately combined on the same land 

management unit with herbaceous crops or animal either in some form of spatial 

arrangementsor temporal sequence. The objectives of agroforestry are three-fold: 

Productivity: Maximizing productivity of both food and wood 

Sustainability: Conserving and ameliorating the production base. By this, it ensures 

sustainability. 



Adoptability: it should be a practical proposition. 

AGROFORESTRY SYSTEMS: 

It is also called as multiple land use system. The different agroforestry systems are as 

follows. 

Agri-Silviculture system 

In this system, agricultural crops are intercropped with tree crops in the interspace between 

the trees. Under this system, agricultural crops can begrown up to two years in protective 

irrigated conditions and up to 4 years inrain fed conditions. Beyond this period, it is un-

economical to grow cash or grain crops whereas fodder crops, shade loving crops or shallow 

rooted crops can be grown. Even wider spacing can be adopted without sacrificing tree 

population for each cultural operation as well as get more sunlight to the intercrop. 

Silvi-Pasture system: 

Trees are planted in the poor, degraded soils and fodder grass and legume mixtures are being 

raised in the inter-space of trees. The trees should be multipurpose and provide shade, fodder 

and fuel and be drought tolerance and leguminous. 

Silvi - Horti - Pastoral System:  

In this system, trees are grown along with fruit trees and in the inter space, grass and legume 

mixtures are raised. By adopting the above agroforestry systems, we can solve the problems 

of wood, food and fodder and restore the ecological balance. Further, by adopting the above 

agroforestry system,unemployment problem can be solved to some extent and the socio-

economic conditions of the farming community can be improved. 

 

 

 

  



CONTRIBUTION BY COMPONENTS IN INTEGRATED FARMING SYSTEM 

Arable farming only ends in narrow profit or less margin to the farmers, warranting 

development and adoption of integrated farming systems involving various possible 

combinations of components.  

a. Economic contribution 

Integrated farming, if properly practised would be more profitable than arable farming in 

small holdings. About 90 per cent of additional income was reported with integrated farming 

systems over arable farming. 

Examples: 

Integration of milch cow with cropping resulted in higher net returns through maintaining 

high yield of crop and animal than cropping alone. 

There was an increase in the return to the tune of 148 per cent due to the introduction of 

poultry cum dairy based integrated farming systems over cropping. 

b. Employment generation 

Integrated farming systems provide increased opportunities for employment among the rural 

poor family. Integrated farming systems provides more gainful employment than that of 

arable farming. Integrated farming systems could help in efficient utilization of farm family 

labour. 

Examples: 

Livestock keeping is a labour-intensive effort with the involvement of labour round the year. 

Cropping alone generated 400 man days as against 904 in integrated farming systems with six 

buffalo . 

A herd of 200 goats under integrated farming systems provided full / time employment for 

two persons throughout the year. 

c. Resource contribution 

Livestock could make a significant contribution to crop production through provision of 

power (potential substitute of fossil fuel) (cattle and buffalo were the main sources of draught 

power for agriculture operation) and provision of large quantities of animal by- products as 

valuable organic manures.  

Examples: 

By recycling the wastes of dairy cow and poultry birds, the value of nutrients added to the 

soil could be increased. Crop-livestock integrated farming systems (cattle rearing, fishery, 

poultry and goat rearing with cropping,) would quite be sustainable because the resources are 

recycled which help in reducing the external input and increasing soil productivity. 



Chapter 5 : Cropping pattern and cropping system,  Classification of cropping system
Multiple cropping systems;  Efficient cropping systems and their evaluation

Cropping pattern: (Pattern of cropping or crops grown)

It is the yearly sequence and spatial arrangement of crops & fallow on a given area”.

Three key points of definitions are: 

1. Yearly
2. Crop sequence
3. Spatial arrangement

• It is a dynamic concept because it changes over space and time. 

• It can also be defined as the proportion of area under various crops at a point of time. 

• It is determined by rainfall, climate, temperature, soil type and technology.

• The cropping patterns is affected by several factors and interplay of these factors. 

• These are: Physical and technical factors, economic factors, government policy, improvements in technology, 
availability of agricultural inputs and facilities etc.

• A good cropping pattern ensures: most efficient use of land and other resources (fertilizer, irrigation water and 
other inputs).



Cropping system:

It represents a cropping pattern used on a farm and their interaction 
with farm resources, other farm enterprises and available 
technology, which determines their makeup.

It refers to the crops, crop sequences and management techniques used on a 
particular agricultural field over a period of years. It includes all spatial and temporal 
aspects of managing an agricultural system.

It is an important component of farming system.

Classification of cropping Systems

A crop is sown as sole i.e. pure (a particular crop is taken as alone) or in 
combination with any other crop (more than one crop is sown on same piece of land at 
same time. 

Cropping systems  can be classified into two groups (based on No. of crops per year):

a. Monocropping (single crop per year)
b. Multiple cropping (more than one crop per year)



a. Mono-Cropping: Only one crop per year

In this system, only one crop is grown on farm land in a year and the same process is repeated for many 
years or year after year. 

Examples are: Only one crop of potato (April to September) is grown in very high hills (> 2500 m altitude). 
The non cropped period remains fallow.

– Note: Some time another crop is not possible due to climatic constraints like very low temperatures in very 
high hills. Some time soil moisture is a constraint like in dryland areas.  

Disadvantages: 
it is difficult to maintain cover on the soil; it encourages pests, diseases and weeds; and it can 
reduce the soil fertility and damage the soil structure.

Monoculture: The characteristic effects are same that of Monocropping.

Same crop in sequence is followed on same piece of land season after season. Same crop is grown 
in all the seasons in a year. 

For example:  Rice-rice-rice sequence in south India.

Monocropping is monoculture but Monoculture may or may not be monocropping. Some time 
monoculture is a part of multiple cropping.



b. Multiple-Cropping:

It is the practice of growing more than one crop on the same land in one year.
It is intensification of cropping in space and time dimensions. It involves several alternative 
patterns of crop arrangement in space and time such as mixed cropping, intercropping, relay-

cropping, sequential cropping, double cropping, triple cropping, etc.

Types of multiple cropping

• Mixed Cropping
• Inter Cropping
• Multi-storey / Multilevel / Multi-tier Cropping
• Sequential or sequence cropping or non-overlapping Cropping.
• Double, Triple and Quadruple Cropping 
• Relay cropping or overlapping Cropping.
• Paira / Utera Cropping
• Ratoon cropping



PRE-REQUISITES FOR MULTIPLE CROPPING

• There must be adequate and assured supply of water.

• Adequate and timely supply of inputs i.e. seed, fertilizer and plant protection materials.

• The use of short duration varieties and hybrids. Crops of short duration are generally more 
useful, taking into consideration the yield per unit area per unit time rather than the longer 
duration ones.

• Development of new market, processing and new uses of the crops which are not 
traditionally grown in the locality but have a comparative advantage during some period.

• High man hour requirement, availability of machinery and money.

• Better understanding of scientific agriculture.



1. Mixed cropping :

Growing of two or more crops simultaneously on same piece of land in a season. Seeds of all the 

crops are mixed according to the area and then sowing is done (seeds are mixed and then 

broadcast method of sowing is followed).   It can also be performed through dibbling the seeds 

without any row arrangement. This process is called mixed cropping or mixed intercropping.

Mostly followed in rainfed areas. In Uttrakhand, Sari system of mixed cropping, 12 crops (Finger millet, 

Amaranth + legumes).

• It minimizes the risk of crop failure.

• Sowing is easy, but harvesting is very difficult.

2. Intercropping: 

Inter-cropping/ row intercropping: Growing more than one crop on same piece of 
land at  same time/ simultaneously in a definite row pattern. 

In this system, two or more crops are grown simultaneously on the same field in same 
season/year in a definite row pattern.

Examples - Planting alternating rows of maize and beans, or growing a cover 
crop in between the cereal rows. It is written as row ratio like 2:1 (Two rows of 
main crop and 1 row of sub crop)



Intercropping types (On the basis of per cent of plant population used for each crop in
intercropping system)

• Additive series intercropping: 

Here plant population of base crop is same to what recommended population in pure stand 
whereas, that of intercrop is less. Cropping husbandry is according to the base- crop. This 
type of intercropping is prevalent in India and its main objective is to get additional income 
and to cover risk. e.g. sowing of potato in the field of autumn sugarcane in between the rows 
of cane at 90 cm.

• Replacement series intercropping:

Both the crops are component crops. Neither is the base crop nor is the intercrop. It means 
the plant population of both component crops is less than their recommended population in 
pure stand. Such type is widely practiced in western countries. In India in western UP, here 
10th row of wheat crop is replaced by mustard and row to row distance of wheat crop is 
somewhat reduced to adjust the mustard crop.

Main crop / Base crop in intercropping

This is the one which is planted at its optimum sole crop population in an intercrop situation 
and the second crop is planted in between rows of the main or base crop with a view to 
obtain some extra intercrop yield without sacrificing the main or base crop yield.

Component crop

The component crop refers to either of the individual crops making up the inter-cropping 
situation.



MULTI-STOREY / MULTILEVEL / MULTI-TIER CROPPING

Cultivation of more one crop of different heights 
simultaneously on a certain piece of land in any 
certain period 

e.g. Sugarcane + mustard/ onion/ potato, 

Coconut + black pepper + pineapple



SEQUENTIAL OR SEQUENCE CROPPING OR NON-OVERLAPPING 
CROPPING

Growing 2 or more crops in quick succession, on same piece of land in a 
farming year.

DOUBLE, TRIPLE AND QUADRUPLE CROPPING

Double cropping : Growing 2 crops in sequence in a year
Triple cropping : Growing 3 crops in sequence in a year
Quadruple cropping : Growing 4 crops in sequence in a year

RELAY CROPPING OR OVERLAPPING CROPPING

Succeeding crops are planted before harvest of the preceding crop.
Paira (Bihar & WB) & Utera (MP) cropping may be the example of relay 
cropping.
Paira & Utera = sowing of Lathyrus or lentil before harvest of rice in 
lowland areas.
Sugarcane in standing wheat (in the month of Feb)



RATOON CROPPING

The cultivation of crop re-growth after harvest not necessarily for 
grain. Eg. ratooning in sugarcane, Rice, Multi cut sorghum, Pearl 
millet, Cotton



Crop rotation: it is a principle of crop production

The practice of planting crops in succession in a field over a period of years.

Crop rotation is a process of growing different crops in succession on a piece of land in 
a specific period of time, with an object to get maximum profit from least investment 
without impairing the soil fertility.

One cycle may take one or more farming years to complete. Farming year is 12 months 
for irrigated areas and is limited to the period of adequate soil-water availability for 
crop growth in rainfed areas. 

Cropping scheme: 

It is a plan according to which, the crops are grown on individual plot of a farm
during a given period of time. The objective is to obtain maximum return from
each crop without impairing soil fertility. Thus, a cropping scheme is related to the
most profitable use of resources, land, labour, capital, and management.



Cropping systems:

Tarai/ Bhabhar Uttrakhand:

1. Rice (transplanted) – wheat

2. Rice (short duration) – toria/ vegetable pea/ potato – summer

rice/maize/mentha

3. Rice (short duration) – Beseem

4. Rice- toria/potato/vegetable pea – spring sugarcane - ratoon – wheat

(3 years)

Uttarakhand Hills:

Rainfed areas:

Spring rice – wheat – finger millet – fallow (2 years)

Irrigated areas:

1. Transplanted rice –wheat

2. Transplanted rice – potato/vegetables



Evaluation of cropping systems

Why: To judge the comparative efficiency, 
productivity, economic returns, environmental 
benefits, resource utilization, sustainability etc.



Rotational Intensity (RI)

No. of crops in a rotation
RI = -------------------------------------------------------- x 100

Duration of the rotation (years)

Cropping Intensity (CI):

Gross cropped area/year
CI = -------------------------------------------------------- x 100

Net cultivated area (hectares)

Multiple  Cropping Intensity or Index (MCI):

Total area under all the crops in a year
MCI = -------------------------------------------------------- x 100

Net cultivated area (hectares)



Cultivated land Utilization Index (CLUI): 

• It indicates the land area utilized in different crops to the total area available in terms of duration.
• Used for multiple cropping

Area x Duration crop A + Area x duration crop B + ………
CLUI =  --------------------------------------------------------------------------

Area x 365

Relative Cropping Intensity Index (RCII): 

• It is used for classifying farmers: vegetable or cereal farmer
•Example: If RCII (veg) is > 50%, then a farmer would be considered as vegetable farmer

(Area x Time) crop A
RCII =  -------------------------------------------------------------------------- x 100

(Area x Time) for all the crops of the system



Crop Equivalent Yield (CEY)

The yield of all the crops / components in a system (cropping system or farming system) is 
converted in equivalent term of a particular crop i.e. dominant crop.

Drawback: The gross income is considered not the net income i.e. cost of production is ignored. 

Yield of  “sub” crop (t/ha) x price of “sub” crop (Rs./t)
CEY (t/ha) = …………………………………………………………………………………

Price of main crop (Rs./t)

Land equivalent Ratio (LER) (It is relative land area under sole crops)

It is the sum of the fractions of the intercropped yields divided by the sole-crop yields.
The land equivalent ratio is a concept in agriculture that describes the relative land area required 
under sole cropping to produce the same yield as under intercropping.

Yield main crop in intercropping                  Yield of sub crop in intercropping

LER  = ….…………………………………………….………       +      …………………………………………………………..

Yield of main crop as sole             Yield of sub crop as sole

If ratio is > 1.0, then only advantageous
Example:  if LER is 1.2, means to produce the same yield as we got in Intercropping from 1.0 ha, 1.20 ha area 

would be required under sole cropping.



Area Time equivalent ratio (ATER):
It provides more realistic comparison of the yield of the intercrop over sole cropping in 
terms of time taken by the component crops in the intercropping system.

LERa X Da + LERb X Db

ATER= ------------------ ------------------

duration of cropping system

Aggressivity: Used in intercropping system. It indicates relative increase in yield of both crops.

Applicable when crop mixture at 50:50 ratio.

Yield Int.crop (A)                                                   Yield Int.crop (B)

Aggresivity = -------------- -------------------------------------------- - ----------------------------------------------------

Yield sole crop (A) x  Area proportion (A)           Yield sole crop (B) x Area proportion (B)

• If value is zero, both crops are equally competitive 

• If value is positive, crop A is dominating

• If value is negative, crop B is dominating



Competitive ratio (CR): Used in inter cropping system (It applicable only when crop 
mixture at 50:50 ratio)

LER a

CR = ----------

LER b

CR > 1.0, Crop A is more competitive than crop B and vice versa

Relative crowding coefficient (RCC or K): Indicates competitive ability. Used in replacement
series of intercropping. It indicates, whether crops produced more yield or less yield than expected under

inter cropping situation. (simply: crowding ability)

K = K(A) x K (B),

Yield Int.crop (A) x Area Int.crop (B) Yield Int.crop (B) x Area Int.crop (A)

K = ----------------------------------------------------------------------------- x -------------------------------------------------------------------------

Yield sole crop (A) – Yield Int.crop (A) x Area (A) Yield sole crop (B) – Yield Int.crop (B) x Area (B)



Sustainability in agriculture and food system: 

Concern of the scientists and bureaucrats begun in 1950-60, largely due to environmental concerns/ issues. Sustainability is not

a new term; it has also appeared in old surviving writings from China, Greece and Rome

Why sustainability?

As per FAO (2005) : since fifties

Aggregate world food production has grown by ; 145%

Aggregate Asian food production has grown by ; 280%

Greatest increase of 5 folds has been observed in China (between 1960to 1990)

But there is decline in food production trends in past few decades (which started from the beginning of 1960). So to cater the 

future needs, sustainability in food production and agriculture is very much required.

Sustainability has come from the Latin word “sustinere”

sus – from below, tinere – to hold i.e. to hold from below (the ability to be maintained at a certain rate or level)

Sustainability in agriculture and food system: means we must meet the needs of present without compromising the ability of 

future generations to meet their needs.

Sustainability by Conway and Barbier (1990): The ability to maintain productivity, whether of a field , farm or nation in the face 

of a stress or shock, such as increasing salinity or erosion or attack of a new pest or a rare drought or a sudden massive 

increase in input prices. 



Sustainable agriculture:

Sustainable agriculture is the production of plant and animal products including food, in a way that uses
farming techniques that protect the environment, public health, communities, and the welfare of
animals. Sustainable agriculture allows us to produce and enjoy healthy foods without compromising
the ability of future generations to do the same. The key to sustainable agriculture is finding the right
balance between the need for food production and the preservation of environmental ecosystems.

or
Sustainable agriculture can also be defined as: “an integrated system of plant and animal production

practices having a site-specific application that will, over the long term:

• Satisfy human food and fiber needs.
• Enhance environmental quality and the natural resource base upon which the agricultural economy

depends.
• Make the most efficient use of non renewable resources and on-farm resources and integrate, where

appropriate, natural biological cycles and controls.
• Sustain the economic viability of farm operations.
• Enhance the quality of life for farmers and society as a whole."

The concept of sustainable agriculture set out by the Technical Advisory Committee (TAC) of the
Consultative Group on International Agricultural Research (CGIAR) states:

"Sustainable agriculture is the successful management of resources for agriculture to satisfy the changing
human needs, while maintaining or enhancing the quality of environment and conserving natural
resources”.

https://www.conserve-energy-future.com/top-25-environmental-concerns.php
https://www.conserve-energy-future.com/environmental-health-and-its-issues.php


Sustainability in agriculture system incorporates the concept of :
• Resilience: it is the capacity of a system to buffer shocks and stresses
• Persistence: capacity of a system to continue over long periods
• Addresses economic, social and environmental outcomes i.e. sustainability gives 

equal weight to these three concerns

Principles of sustainability:

Sustainable agriculture rests on the principle that, we must meet the needs of the 
present without compromising the ability of future generations to meet their own 
needs.

1. Integrating biological and ecological processes: such as Nutrient cycling, N fixation, 
Soil regeneration, Allelopathy, Competition, Predation and parasitism into food 
production process.

2. Minimizing the use of those non-renewable inputs that cause harm to the 
environment or the health of farmers or consumers.

3. Making productive use of knowledge or skills of farmers thus improving their self-
reliance and substituting human capital for costly external inputs.

4. Making collective use of people’s collective capacities to work together to solve 
common agricultural and natural problems such as pests, water shed irrigation, forest 
and credit management.

Human capital: the skills, knowledge, experience possessed by individual or population



List of sustainable agriculture practices:

1. Permaculture
2. Cover crops 
3. Soil enrichment 
4. Natural pest predators 
5. Bio-intensive Integrated Pest Management 
6. Polyculture Farming 
7. Agro-forestry

Characteristics of sustainable techniques:

– Do not have adverse impact on environment
– Effective and accessible to farmers
– Leads to increase in food productivity
– Have positive side effects on environmental goods and services
– Reducing agricultural runoff (preventing soil loss)
– Preventing pollution of lakes and rivers
– Saving water and other resources
– Naturally maintaining fertility  of soil by recycling of nutrients on farm
– Enhancing Carbon sequestration by soil and perennial vegetation
– Crop rotation or crop diversification



The three legs (pillars) of Sustainability:

These three areas are; environment, economics and community.

A. Environmental Health:

Environmental or Ecological sustainability is associated with genetic resource base and bio-

diversity. Increase in diversity at genetics, species and ecosystem level forms the backbone of; 

sustainable ecology. 

B. Economic Efficiency

The farm must generate revenue, not always in terms of cash but in terms of kind also. Variability of
yields and prices are major sources of risk in agriculture. Excessive dependency on external inputs
maximises the risk of profit reduction. In order to stabilise the farm economics, the farm should
be made self sufficient, there should be parity in income distribution and ultimately the resilience
of agricultural system should be increased.

C. Community

– An ideal farming system will surely meet nutritional and livelihood security of the farmers and 

decreases the market dependency.  A farm can he said to be socially acceptable, only when it 

satisfies all the following options:

• Whether the farm is getting fare share of price.

• Whether it is sufficient to maintain a family’s well-being.

• Whether farmer gets enough remuneration to purchase his food.

• Whether the minimum wage requirement is attained.



Problems of sustainable agriculture:

– It limits the proper use of land, because modern agriculture focuses on intensive use land resource.

– It also hinders the full exploitation of land, labour and capital, because it advocates for the use of 

production resources sparingly (limited use i.e. preventing over exploitation).

– It is hard to maintain the fertility of soil by simply rotating the crops.

– Income generation from farming is also limited due to sparingly use of land.

Problems and impact of modern agriculture:

Agriculture has changed dramatically especially since the end of World War II. Food and fibre productivity

soared (jumped) due to new technologies, mechanization, increased chemical use and government

policies that favoured maximizing production. Although, these changes had many positive effects and

reduced many risks in farming, but at the cost of many unwanted consequences.

Prominent among these are: Topsoil depletion, Ground water contamination, Decline of family farms,

Continued neglect of the living and working condition for farm labourers, Increasing costs of production

and the Disintegration of economic social conditions in rural communities.

List of problems/issues arising due to modern agriculture:

l. Decline in agricultural growth rate.

2. Decline in factor productivity.

3. Static or decline in food production.

4. Increasing malnutrition.

5. Increasing environmental pollution.

6. Depleting groundwater table.

7. Increasing cost of production.

8. Low farm income.

9. Increasing unemployment

. 



As a result, 

• Agricultural productivity has been witnessing stagnation in recent years. 
• Besides, the competing demand for water (in the context of changing 

demographics and its various end uses) further aggravates the degree of risks in 
the agriculture sector. 

• There have been considerable implications for food and livelihood security.
• Further, agriculture production being risk prone, may lead to migration from 

rural to urban and sub-urban areas.

Due to all the above consequences, Indian agriculture now faces the challenge of
ensuring food security amidst constraints such as stagnating net sown area,
deterioration of land quality, reduction in per capita availability etc

The future challenges are:

– Need for more food: Around 310 million tonnes of food grains in 2050.
– Stagnating net sown area: 140 +/- 2 M ha since 1970.
– Land share under fallow: 38 per cent increase since 1951.
– Decline in per capita land availability: From 0.91 ha in 1951 to 0.32 ha in 2001 and to 0.19 ha is 

projected by 2050.
– Per capita net sown area: 0.33 ha in 1951 to 0.14 ha in 2001.



Indicators of agricultural sustainability:

Help us to identify, quantify and evaluate the effects of agricultural practices.

– Provide a mean of measuring the economic, social and environmental impacts of
agriculture

– Helps to assess the effectiveness of policies and the sustainability of the agriculture sector.

In order to make a balanced assessment of agriculture progress towards sustainability; social,
environmental and economic factors must be examined.

A. Social indicators

• Improvement in quality of rural life: Improvement in the standard of life of people who are
associated with agriculture,

• Income generation in rural areas,

• People should be allowed to increase their potential and capabilities

• Working and living conditions:

• Reducing the drudgery and risks of accidents while performing different operations and
reducing unhygienic working style in the field.

• Farm management skills: Technical understanding, i.e. use and application of technologies to
make the system viable and friendly.



B. Economic indicators

• Productivity, yield and quality: Increase in crop production per unit land, water use efficiency,
pasture composition, matched animal v/s pasture production, improvement/ maintenance of
genetic resources.

• Reducing wastage: while performing various harvesting and threshing operations and post
harvest management.

• Economic efficiency: cost effectiveness in inputs i.e. optimized according to the needs and
use.

• Profitability: overall profits to farmers and farm labours

C. Ecological indicators

– Energy efficiency: reduction in energy consumption per unit land or per unit production cycle.

– Soil quality: keeping soil quality as per need, nutrient balance (organic matter, status of N, P, K, S, 
micronutrients), wind/ water/ sheet/ gully erosion (vegetation cover, soil surface cover).

– Soil structure: infiltration rate, water storage capacity, aggregate stability, water logging, 
compaction of soil.

– Soil pH: how much change, toxicity/ deficiency of different nutrients.

– Biological factors: soil macro/ micro flora and fauna, animal health, plant health, pest’s level etc.

– Rainfall: distribution and intensity and quantity.



Adaptation and Mitigation: 

How to adapt to changing conditions (adaptation) and 

How to offset the impacts of changing conditions (Mitigation).

Adaptation is the biological mechanism by which organisms adjust to new environment, or to change in their 
current environment. Adaptation measures are based on reducing the vulnerability to the effects of climate 
change: adaptation addresses its impact i.e. of climate change.

Adaptation strategies:

– Expansion of rain water harvesting, Enhancing WUE, Using efficient irrigation methods etc.

– Adjustment in sowing dates, varietal selection, crop relocation, improved seed management, soil 
protection etc.



Mitigation:
Those actions that reduce or curb green house gas emission and reduce resource inputs. 

It addresses the causes of climate change like GHG emission.

Adaptation & Mitigation strategies in agriculture: 

(Source: National Mission for Sustainable Agriculture (NMSA 2010): Strategies for meeting the challenges of 
climate change, Department of Agriculture and Cooperation, Ministry of Agriculture New Delhi)

• Improved crop seeds, livestock and fish cultures: Promoting use of bio-technology, Research 
and promotion of C4 pathways in C3 plants, Conserving indigenous genetic resources, Public 
Private Partnership (PPP) in R & D, Management and dissemination of improved varieties, 
Conserving agricultural heritage.

• Improved water use efficiency: reducing pressure on available water resources 

• Pest management: efficient, safe and environmentally sound methods

• Improved agronomic practices: to reduce farm loses, conservation and precision farming, soil 
conservation, knowledge management

• Nutrient management: use of bio-fertilizers

• Agricultural insurance

• Credit support

• Markets: improving supply chain efficiency, new market infrastructure, developing food and 
forage banks, etc

• Access to information: ICT (information and communication technology) based system/ 
network for symmetry in information 

• Livelihood diversification: supplementing income from off-farm activities, crop diversification, 
diversification of FS with livestock enterprises etc.



Resource:  A resource is a source or supply from which a benefit is produced and that has some utility. 

1. Renewable resources: because they can grow again or never run out. eg/. Solar energy, wind energy,  
biomass energy etc…..

2. Non renewable resources: these are things that can run out or be used up. Eg. Coal, Gas, Oil etc….

Resource use efficiency (RUE)

It is an ecological concept that measures the proportion of supplied resources, which is converted into 
new biomass, i.e., it relates to realization of potential productivity.

Need for improving resource use efficiency: 

When a resource is used in any system, it has a capacity to give a potential output. However
in neither case the potential output is realized to the extent of the potential it has that
means the potential of resource could not be fully explored/ utilized because often some
parts of the resource are wasted or lost during the process. This is happening more
frequently in agricultural or biological science. This results not only in wastage of resource
but also leads to secondary problems. Ex. Urea application, efficiency is 35-40 % only,
remaining nitrogen is lost. The efficiency is reduced and the lost portion adds to water and
environmental pollution.



Types of efficiencies: Three types of efficiencies have been identified

Technical efficiency: It is the ability of a firm / farm to produce a given level of 

output with minimum quantity of  inputs under a given technology. 

Allocative efficiency: It is a measure of the degree of success in achieving the 

best combination of different inputs in producing a specific level of 

output considering the relative prices of these inputs. 

In agriculture, it means : farmer’s ability to allocate resources efficiently, producing the 

maximum possible output at minimum cost

Overall/ Economic efficiency: It is a product of technical and allocative 

efficiencies.

In one sense, the efficiency of a firm is its success in producing as large an 

amount of output as possible from given sets of inputs. Maximum efficiency of 

a firm is attained when it becomes impossible to reshuffle a given resource 

combination without decreasing the total output. 



RESOURCE USE EFFICENCY

A. Land utilization efficiency calculated as: Cultivated Land Utilisation Index 

(CLUI): 

It is calculated by summing the products of land area to each crop, multiplied by the 

actual duration of that crop divided by the total cultivated land times 365 days.

CLUI = ∑n
i=1 ai di / A x 365

– Where, n = Total number of crops

– ai- = Area occupied by the ith crop

– di- = Days that the ith crop occupied

– A = Total cultivated land area available for 365 days.

The CLUI can be expressed as a fraction or percentage. This gives an idea about how the 

land area has been put into use. 

– If the index is 1 (100%), it shows that the land has not been left fallow and 

– More than 1 tells of intercropping and relay cropping.



B. Fertiliser Use Efficiency (FUE)

The FUE is the output of any crop per unit of the nutrient applied under a specified set of soil and climatic 
conditions. The NUE/FUE can be expressed in several ways:

1. Partial Factor Productivity (PFP): Expressed as kg yield/ kg input applied.

2. Agronomic efficiency (AE): Expressed as kg yield increase / kg nutrient applied).

AE = (A-B)/C   A: yield of treated plot; B : yield of untreated plot; C : Amount of nutrient applied

3. Apparent recovery efficiency (ARE) : Quantity of nutrient absorbed per unit of nutrient applied i.e. 
kg  nutrient taken up by crop / kg nutrient applied.  

ARE = Nutrient uptake treated plot – nutrient uptake untreated plot / Nutrient quaintly applied

4. Physiological efficiency (PE) : Biological production obtained per unit of nutrient taken up by crop i.e. 
Kg yield increase per kg nutrient taken up by crop)

Dry matter yield treated plot – Dry matter yield untreated plot
PE = -------------------------------------------------------------------------------------

Nutrient uptake treated plot – Nutrient uptake untreated plot

5. Crop Removal Efficiency (CRE): (removal of nutrient in harvested crop as percent of nutrient applied). It 
is commonly used to explain nutrient efficiency.



C. Energy use efficiency: 

1. Energy efficiency : Energy output (MJ ha-1) / Energy input (MJ ha-1)

2. Net energy (MJ ha-1) : Energy output (MJ ha-1) - Energy input (MJ ha-1)

3. Energy productivity (kg/MJ) = Grain + by product yield (kg ha-1 / Energy input (MJ ha-1)

4. Energy intensity (in physical terms MJ kg-1): Energy output (MJ ha-1)   /  Grain + by product (kg ha-1)

5.    Energy intensity (in economic terms MJ per rupee) : 

=  Energy output (MJ ha-1)   /   Cost of cultivation (Rs.ha-1)

D. Water Use Efficiency

1. Crop water use efficiency: It is a ratio between marketable crop yield and water used by the crop in ET.

WUE (kg ha-mm-1) = Y / ETc
where, 
Y  = Marketable crop yield (kg ha-1)
ETc =  Crop evapotranspiration (mm).

2. Field water use efficiency: It is a ratio between marketable crop yield and field water supply, which 
includes water used by the plant in metabolic activities, ET and deep 
percolation losses.

FWUE (kg ha-mm-1) = Y/WR
where, 
Y = Crop yield in kg ha-1.
WR = Water requirement (mm). 



EVALUATION OF Farming Systems: To judge the efficiency

1. System Productivity : Expressed in terms of Crop Equivalent Yield (CEY).

Productivity of the component (kg/liter) x Price (Rs. /kg)
CEY = ------------------------------------------------------------------------------

Price of equivalent crop (Rs./kg)

2. Economic analysis:
Cost of cultivation/production
Gross returns, Net return, Benefit : Cost ratio

3. Employment generation: Expressed as mandays per system
It indicates the Labour required for accomplishing various activities of a farming system (A man 
working for 8 hours in a day is considered as one man-day; A woman working for the same period 
is treated as 2/3 manday).

4. Water requirement: Water requirement for varying component linkages in the FS  and expressed in ha-
mm.

5. Energy efficiency: Energy input and outputs are worked out for individual component of FS and then 
computed for the whole system.

6. Nutritive value: Nutritive value in terms of carbohydrates, proteins and fat (kg).

7. Carbon emission v/s sink : How much carbon is emitted v/s how much carbon is absorbed by the system. 
Usually expressed on yearly basis

8. Climatic parameters: Status of climatic parameters like air temperature, soil temperature etc in FS 
and nearby area 



Resource optimization techniques:

Resource optimization techniques: These are the methods employed to ensure that labour and non labour 

resources are  matched to the schedule.

Optimization = the action of making the most effective use of a resource.

There are 3 techniques to optimize resources to prevent under/ over allocation.
 Resource leveling

 Resource smoothing

 Reverse resource allocation scheduling

1. Resource leveling:

Usage:
• It is used when limits on the availability of resources are there. 

• It is used when resources are under or over allocated.

Definition: It is a technique in which start and finish dates to accomplish a task are adjusted. The demand for

available resources is balanced matching with the available supply. Resources are taken from non-critical

activities and allocated to critical activities.

eg. When project planning  is done, the manager attempts to schedule certain tasks simultaneously. When more 

resources such as machines or people are needed than are available, or perhaps a specific person is needed in 

both tasks, the tasks will have to be rescheduled concurrently or even sequentially to manage the constraint. 

In project planning resource leveling is the process of resolving these conflicts. 

OPTIMISATION TECHNIQUES



2. Resource smoothing:

Usage: 

It is used when the time is a constraint  and  objective is to complete the work by the required date.

Definition:

It is a technique that adjusts the activities of a schedule model so that all requirements for the resources do not 

go beyond the resource limits.

Resource smoothing is the process of adjusting the task to be performed so that the number of resources is 

steadier over time. 

For instance instead of using 12 programmers for one week and none next week, and 6 the following week

Can some of the work be shifted? So that 6 programmers are needed each of the 3 weeks? 

It may not be possible to smooth the need that evenly, but the 12-0-6 might be smoothed to 8-4-6. 

Benefits:

Staff resources take time and effort to bring onto the project. It is expensive to purchase more equipment 

resources. And the equipment is wasted when it sits idle. 



3. Reverse Resource Allocation:

If a project has a fixed end-date (regardless of resources needed), then you are 

likely to build your project schedule backwards. That means you start with the last 

task on the last day and work your way towards the present. In the same way you 

will also be allocating your resources in reverse. In this way you can determine on 

which start dates you will need the resources in question.

or

It is a technique to schedule specific expert resources onto project. Let's assume 

that a highly technical product is to be created and that there is only 1 person in 

the company who has the specific expertise to work on this and that this person 

must work on this task on January 20th. You now begin scheduling and assigning 

resources from this point backward so that you can assign this resource at the 

correct time.



Recycling: It is the process of converting waste materials into new/ useful materials

and objects. The recovery of energy from waste materials is often included in this

concept.

Recycling process example: animals provide dung – dung is applied to the crops – crops

produce grain & straw - Crop straw fed to animals

Another example: Converting plastic bottles into plastic wares

Cycling: Cycle means circle i.e. resource or energy movement / flow from one system to

another and so on…i. e. Crop provides energy to animals in the form of feed; animals

provide energy to human being / crops etc.



Resource recycling in agriculture: Organic wastes from crops and

livestock production and household wastes are the valuable sources for

recycling organic residues.

Recycling of organic wastes such as crop residues, dung and urine from

domesticated animals and wastage from slaughter house, human excreta

and sewage, bio-mass of weeds, organic wastes from fruit and vegetables

production and household wastes, sugarcane trash, oilcakes, press mud

and fly ash from thermal power plants leads to “gold from garbage”.

Material not suitable for direct application can better apply by composting

and vermicompost. Resource recycling leads to the sustainable

agriculture:

These two farming systems have been identified with very high degree of

resource flow, thus are considered sustainable and are environmental

friendly.

These are:

• Low input sustainable agriculture (LISA) and

• Organic farming.



Low Input Sustainable Agriculture (LISA) (input reduction):

In this system, use of external production inputs is the minimum. Production costs

are obviously lower. Overall risk of the farmer is considerably reduced. Besides,

these advantages, pollution of surface and groundwater is avoided and healthy

food with very little or no pesticide residues are ensured. These systems held

promise for both short and long-term profitability. However, the system suffers from

one serious drawback - continuation of low external input agriculture will perpetuate

to the vicious circle of low inputs low yields.

Organic Farming and waste recycling (input substitution, organic certification)

Organic farming is the backbone of sustainable agriculture. Organic farming mainly

depends on organic recycling. Industrial agricultural chemicals like fertiliser,

pesticide, herbicide etc are not used or used to minimum extent necessary in this

kind of farming. In long run organic farming may result in comparable performance

as conventional agriculture and crops grown with high organic manure application

could tolerate the pest and disease attack better. It is sound and sustainable way of

growing more food.



FLOW OF ENERGY IN DIFFERENT FARMING SYSTEMS

Natural and agricultural ecosystems, of which humans are a part, are
fundamentally a network of energy and resource flows. Green plants capture
solar energy and convert it into chemical energy by the biological system using
the elements of C, H, O, N, P, K, Ca, Mg and others. In agriculture, energy is
important in terms of crop production and agro-processing for value adding.

Energy requirements in agriculture are divided into two groups-direct and
indirect.

Direct energy: Energy required to perform various tasks related to crop
production processes such as land preparation, irrigation, interculture,
threshing, harvesting and transportation of agricultural inputs and farm
produce.

Indirect energy: Energy used in the manufacture, packaging and transport of
fertilisers, pesticides and farm machinery. As the term addresses, indirect
energy is not directly used on the farm. Major items for indirect energy are
fertilisers, seeds, machinery and pesticides.



Flow of Energy in different farming systems:

1.Crop-Livestock Farming System: 

In this system, crops and livestock interact

to create a synergy, with recycling allowing

maximum use of available resources.

Resource and energy flow in Crop-Livestock Farming 

System

2. Crop-Livestock - Forestry farming 

system: Inclusion of tress is of utmost 

significance, as they are biggest modifier of 

climate.

Resource and energy flow in Crop-Livestock-Forestry 

Farming System



Flow of Energy in different farming systems:

3. Crop-Fish-Poultry Farming System: There is huge 

synergy among crop (rice), fish rearing and poultry 

farming. 

Resource flow model for Crop-Fish-Poultry 

Farming System

4. Crop-Livestock-Poultry - Fish farming system: 

Inclusion of these components make the IFS system 

almost complete.

Resource and energy flow in Crop-Livestock-Poultry 

- Fish farming system



FARMING SYSTEM AND ENVIRONMENT

Although agriculture is considered as the biggest sink for the wastes / pollutants released by

sectors other than agriculture, but at the same time there are few agricultural practices which also

contribute to global warming. Among these are, cultivation of transplanted rice releases CH4 gas.

Ruminants release CH4 during the digestion process. Trees are the biggest and long term sink.

Therefore while deciding the size of different components of the IFS, care should be taken that in

neither case the overall carbon balance of the model is positive.

Different types of farming systems have different impacts on the surrounding environment. A

farming system relying more on natural products is considered more environmental friendly.

Following are benefits accrued from the IFS systems.

* Supports ecosystem i.e. IFS performs better than conventional farming in respect

to floral and faunal diversity.

* Soil health / environment: more organic matter, more biological activity

* Ground and surface water: Lower NO3 leaching (lower by 57%). Less use of pesticides.

* Climate and air: On per-hectare scale, the CO2 emissions are 40-60 per cent lower in IFS.

(CH4 emission from paddy rice: 19.6 kg CH4 –C/ha /season after rice to 7.0 kg CH4 –

C/ha/season after soybean. CH4 – C release : 58.8 to 117 kg/animal/year)

* Farm input and output: Nutrient balances of IFS farms in general are close to zero.

Dependency on external inputs is cut down by the waste.

* The climatic conditions are relatively stable due to presence of diverse crops and tress.

The temperature is lower by 1-3 0C as compared to conventional farming.


	Classification based upon the parts of the plants from which they are obtained: a. Rhizomes and root spices: Ginger, Turmeric, and Garlic. b. Seed spices: Nutmeg, Coriander, Fennel, Cumin, Fenugreek, Dill, Aniseed, Celery
	and Bishopweed. c. Bark spices: Cinnamon d. Fruit spices: Cardamom, Black Pepper, Vanilla, All spice, Cassia, Tamarind, etc. e. Leaf spices: Bay leaf, Curry leaf, etc. f. Flower spices: Clove, Saffron, Asafoetida, etc.

