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ABSTRACT

The green revolution helped tremendously in improving
agricultural productivity for humanity. However, the continuously
increased human population leads to intensive cultivation at the
expanse of exploitation of available resources. An integrated farming
system may help reduce the burden of over-exploitation of resources
by efficiently optimizing the resources. Therefore, emphasis should be
given to the adoption of the integrated farming system.

INTRODUCTION

Food security, water scarcity, natural resources conservation, and environmental protection have
emerged as major issues worldwide in recent years. Developing countries worldwide are promoting
sustainable development through sustainable agricultural practices, which will help them simultaneously
address socio-economic and environmental issues. Barman et al. (2017) reported that a 1% increase in crop
productivity in Asia might lead to a 0.48% reduction in poor people. In contrast, a 1% increase in crop
productivity in India may reduce 0.40% poverty in the short run and 1.9% in the long run. In agriculture,
crop husbandry is the primary activity and source of income which is hardly sufficient to sustain the farm
family throughout the year. Therefore, combining different enterprises is necessary to ensure regular cash
flow in the farm family. By considering the environmental conditions, available resources and social taboos
of the locality, a judicious combination of enterprises may pay greater dividends. Thus an integrated

farming system may play an essential role in increasing the farmers' income.
WHAT IS AN INTEGRATED FARMING SYSTEM (IFS)

An integrated farming system can be described as a component of a farming system that maximizes
the production of the cropping system by optimizing resource utilization by changing farming techniques.
In an integrated farming system, anything produced is recycled to improve farm productivity. In short, a
well-integrated farming system is interrelated, interdependent and interlinked to its components. The

secondary product of one enterprise acts as the primary input for another system, making the system
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integrated in nature as one whole unit. This nature of the integrated farming system makes it self-reliant by

reducing the dependency on input supply from the open market.

CORE PRINCIPLES OF INTEGRATED FARMING SYSTEM

s CYCLIC NATURE: An integrated farming system must be cyclic, where the by-product of one
enterprise may be utilized as input for other enterprises. Hence, the management decision taken for
one enterprise may affect the related enterprises too.

s RATIONAL: In the integrated farming system, the efficient utilization of resources prevents
poverty by improving the system's sustainability.

s ECOLOGICALLY SUSTAINABLE: The selection of enterprises based on their ecological
sustainability and economic viability is another key to improving agricultural productivity and

countering environmental impacts.
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NEED FOR THE INTEGRATED FARMING SYSTEM

During the last six decades, shifting from subsistence farming to intensive farming and expansion
in human population has led to many problems, including the decline in factor productivity, water depletion,
shrinking land holding, groundwater pollution, and increased use of agrochemicals in food and food
products. Additionally, due to intensive cultivation, nutritional deficiency is increasing, and food and fodder
crops result in various nutritional deficiencies among humans and animals. Therefore, adopting an
appropriate combination of enterprise with efficient resource recycling by forming an Integrated farming
system may help tackle all these issues.

INTEGRATED FARMING SYSTEM FOR NUTRITIONAL AND LIVELIHOOD
SECURITY

Nutritional and livelihood is a key demands in farming these days. The integrated farming systems
are an efficient combination of different enterprises combined by considering available resources, local
needs, environmental suitability, economic viability, social customs, taboos and most important, family
nutritional and livelihood security. Generally, in an integrated farming system, emphasis will be given to
supporting all the family needs, viz, food, feed, fodder, milk, eggs, fish, fuel etc. After meeting the family's
demands, surplus produce will be sold to the market to earn a profit. In an integrated farming system, an
appropriate combination of crops, horticulture/vegetables and dairy animals etc., is the way to secure the

nutritional and livelihood security of farmers
CONCLUSION

The over-exploitation of shrinking resources is increasing; agricultural productivity is declining.
Above this, climate changes play a big role in making farming challenging. Moreover, there is growing
evidence that nutritional and livelihood security among farming families is also visible. In this scenario, An
integrated farming system may help reduce the burden of over-exploitation of resources by efficient
optimization. Therefore, emphasis should be given to the adoption of the integrated farming system.
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ABSTRACT

The soil organic carbon is the chief component of soil
essential for high soil productivity and agricultural sustainability.
Adding soil organic matter improves the soil's biotic life by providing
energy to the soil microbes. Shifting land use patterns from forest to
cultivation, over-irrigation, uncontrolled grazing, tillage, burning of
crop residues, etc., resulted in accelerated soil organic carbon
reduction. Adopting appropriate measures such as cultivating
perennial pasture, cereal crops, green manuring, applying manures,
and minimum tillage may help improve soil organic carbon.

INTRODUCTION

The soil organic carbon is the most vital component of soil that is composed of the debris of plant
parts, decaying animal bodies and microbes and a mixture of other heterogeneous organic substances along
with closely associated inorganic constituents. The soil organic carbon governs soil fertility and
productivity by supporting various chemical reactions and biotic life. Photosynthesis, respiration and
decomposition are the critical processes in an ecosystem which govern the amount of soil organic carbon.
For example, if photosynthesis is slower in the plants, this may affect the plants’ root biomass in the plants,
and finally, less soil organic carbon will be available after decaying the plant roots in the soil.

MAJOR FUNCTIONS OF SOIL ORGANIC CARBON

It facilitates the decomposition of organic matter to humus

It helps in the retention of macro and micronutrients

«¢ It binds the soil particles and forms the soil structure

«» It shields plant's roots against diseases and parasites

< It improves the nutrient availability of macro and micro nutrients for plant uptake
¢ It releases growth hormones for plant growth and development

% It improves the water-holding capacity of the soil
4|Page
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REASONS FOR REDUCTION IN SOIL ORGANIC CARBON

The following are the major reasons for the reduction in soil organic carbon:

X/
°e

X/
L X4

X/
L X4

Shifting in land use patterns from forest to cultivation.
Over irrigation

Uncontrolled grazing

Tillage

Burning of crop residues

Growing crop plants with a high stem-to-root ratio

Climate change

SOURCES OF SOIL ORGANIC CARBON

The source of soil organic matter may be grouped into two based on its origin:

a)

b)

Plant origin sources include root biomass, root exudates, leaf litter, green manuring, and leftover
crop residues.
Animal origin sources include residues or remain of animals and microorganisms, domestic wastes,

animal feed and excreta and animal dung/manure.

Both these sources of soil organic carbon are subjected to various activities governed by earthworms, soil

microbes, and soil enzymes for decomposition and forming humus.

VARIOUS POOLS OF SOIL ORGANIC CARBON

The soil organic carbon is grouped into three pools which are as follows:

/
0‘0

/7
0‘0

ACTIVE POOL (LABILE CARBON): This pool consists of the fresh plant and animal residues
that break down quickly. This contributes to the enhancement of biological activities in the soil.

SLOW: This is an intermediary pool of soil organic carbon that lies between active and passive soil
organic carbon pools. It is mainly composed of detritus material and decomposes gradually but takes

longer than the active pool for decomposition.

“* PASSIVE (HUMUS or NON-LABILE CARBON): It is a dark-coloured complex mixture that is

transformed from organic substances and contains substances synthesized from soil organisms. It is

not biologically active.
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Labile Carbon
Consists of fresh plant and animal residues

Resistant to decay compared to active pool
Consist of partially broken down cells and tissues

Non labile form of carbon
It contain substances synthesized by soil organisms

MEASURES TO IMPROVE SOIL ORGANIC CARBON LEVELS

Soil organic carbon is very critical for agricultural productivity and sustainability. Therefore, the adoption
of the following measures may improve the soil organic carbon levels in the soil:

CULTIVATION OF PERENNIAL PASTURE: Cultivating grass-dominated perennial pasture cultivation
may improve the soil's organic carbon. In pasture cultivation, perennial grasses act as a good source of leafy
matter, adding organic matter to the ground on decomposition.

CULTIVATION OF CEREAL CROPS: Cereal crops possess high biomass and, after harvesting, leaves
significant amounts of organic matter in the form of crop residues, stubbles and root biomass at the time of
crop harvest, which on decomposition adds substantially soil organic carbon.

GREEN MANURING: Addition of soil organic matter if pre-requisite to Add organic carbon. Cultivation
of green manuring crops like sesbania, sun hemp etc., can improve soil fertility through biological nitrogen
fixation. When the standing green manure crop in the field is plough into the soil, it adds to soil organic
matter, which on decomposition and adds soil organic carbon.

APPLICATION OF MANURING: The addition of bulky organic manures carries a substantial amount of
soil organic matter, but this organic matter needs to be added in a high amount to bring significant changes
in the soil organic carbon.

ADOPTION OF MINIMUM TILLAGE: The heavy tillage operations break down the stable soil aggregates

and expose the humus material for faster decomposition resulting in the evaporation of soil organic carbon.
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Hence, adopting minimum tillage may help maintain the soil cover and prevent the overexposure or

oxidation of the humus material in the soil, thus preventing the loss of soil organic carbon.

CONCLUSION

Soil organic carbon is an important component of soil, essential for high soil productivity and
agricultural sustainability. Adding soil organic carbon improves the soil's biotic life by providing energy to
the soil microbes. It also secrets hormones which help in the growth and development of plants. Shifting
land use patterns from forest to cultivation, over-irrigation, uncontrolled grazing, tillage, and burning of
crop residues, and climate change resulted in accelerated soil organic carbon reduction. Adopting
appropriate measures, including cultivation of perennial pasture, cultivation of cereal crops, green

manuring, application of manures, and adoption of minimum tillage, may help improve soil organic carbon.
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ABSTRACT

Climate change is a hard reality and may not be ignored. The
continuously changing weather conditions affect crop yields by causing
various biotic and abiotic stress. Climate-smart agriculture is a new
way to adapt and mitigate climate change without compromising crop
yields. Adopting climate-smart technologies help to sequester the
carbon in the soil, reduces GHGs emission and prevent soil erosion
and water erosion.

INTRODUCTION
Environmental conditions play a big role in agricultural production and sustainability. During the

last century, considerable climate changes occurred, including the rise in CO2 and temperature, erratic and
aberration in rainfall patterns etc. This resulted in a decline in the productivity of crops in different parts of
the world, where some parts were more affected than others. Hence, this brings the need to devise new
innovative strategies to adapt and mitigate the effects of climate change to sustain agricultural productivity.
Climate-smart agriculture refers to a holistic approach that manages landscapes to support adapting
agricultural methods, crops and livestock to the effect of climate change by sustaining food security.
Climate-smart agriculture is based on three core pillars: 1) Increasing agricultural productivity, 2)
Adaptation to climate change, and 3) Mitigation of greenhouse gases.
WHY CLIMATE SMART AGRICULTURE?

The industrial revolution in the 19" century and post-green revolution changes in landscape
management laid the foundation of climate change through accelerated emission of greenhouse gases into
the environment. In addition, the focus on increasing productivity on the expanse of available resources led
to increased atmospheric GHGs and temperature. Due to this, weather conditions are significantly affected,
leading to erratic and aberrant rainfall, drought, cyclones, and flood. The climate-smart agriculture gives
hope to manage the resources optimally and efficiently to sustain agricultural productivity, help to adapt

the weather abnormalities and reduce greenhouse gas emissions from the agriculture sector.
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PRACTICES TO BE ADOPTED FOR CLIMATE SMART AGRICULTURE
ADOPTION OF NEW CROP VARIETIES: Breeders are continuously developing site-specific varieties
and more resistant to climatic aberration. New crop varieties come with higher yield potential and resistance
to biotic and abiotic stresses that help maintain agricultural sustainability by adapting to the new climatic
conditions.

CROP MANAGEMENT: Appropriate crop management techniques may play a big role in an agricultural
system'’s becoming climatic smart. The benefits of crop management strategies, which include conservation
tillage, crop rotation, intercropping, crop diversification, the inclusion of leguminous crops in cropping
systems, mulching, residue retention, organic farming, etc., have already been documented. These benefits
include improved soil fertility, breaking the disease-pest cycle, and adding soil organic matter for carbon
sequestration.

SOIL AND WATER MANAGEMENT: The faulty management practices resulted in the loss of top fertile
soil and water. Adopting terrace farming, contour farming, contour bunding, strip farming etc., may help
reduce soil erosion. In contrast, the adoption of appropriate techniques for irrigation, such as drip irrigation,
sprinkler irrigation, rain gun, etc., may be adopted to minimize water loss and maximize water use for
improving agricultural productivity.

NUTRIENT MANAGEMENT: Nutrient management is essential to achieve the desired agricultural

productivity. Due to climate changes, nutrients applied to the soil can affect crop productivity and accelerate
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the GHGs emission from farming. Hence, in climate-smart agriculture, the emphasis is given for adopting
integrated nutrient management strategies where the sole dependency on fertilizer application for nutrient
application is avoided. The practices like green manuring, organic manure application, variable rate nutrient
application, site-specific nutrient management and nutrient expert are recommended for improving crop
productivity and carbon sequestration.

AGROFORESTRY AND INTEGRATED FARMING SYSTEM: Adopting an agroforestry system is a
great way to improve agriculture productivity and adapt and mitigate climate change. In agroforestry
systems, trees are planted with the crop to sequester the carbon and prevent soil erosion. In addition, the
trees provide fruits, fodder, fuel, and protection against soil erosion. Again, adopting an integrated farming
system allows poor farmers to improve their nutritional and livelihood security by optimizing their

resources and recycling the by-products.

BENEFITS
v Improvement in factor productivity.

Improvement in soil fertility

Reduction in the pest-disease incidence
Reduction in soil and water erosion
Carbon sequestration

Decrease in GHGs from farm

NN N N R

Increase in Yield

v Improvement in the B: C ratio

CONCLUSION
Climate change is a hard reality and may not be ignored. The continuously changing weather

conditions affect crop yields by causing various biotic and abiotic stress. Climate-smart agriculture is a new
way to adapt and mitigate climate change without compromising crop yields. Adopting climate-smart
technologies help to sequester the carbon in the soil, reduces GHGs emission and prevent soil erosion and

water erosion.
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ABSTRACT

The intensive cultivation resulted in a decline in factor
productivity, soil organic carbon, soil aggregates stability, water
holding capacity, soil fertility and soil biotic life. These changes may
affect the agricultural production system largely. Green manuring is
a process of incorporating the green plants into the soil to improve
the nitrogen and soil organic matter. Green manuring is one of the
important alternative approaches to improve the soil fertility and
availability of nutrients in the soil for plant uptake, growth and
development

INTRODUCTION
Post-green revolution, modern agriculture focussed on higher agricultural productivity and

production. However, the intensive cultivation resulted in a decline in factor productivity, soil organic
carbon, soil aggregates stability, water holding capacity, soil fertility and soil biotic life. These changes
may affect the agricultural production system largely. Hence, the need for improving soil health was
observed, and many practices were developed around the globe.

Green manuring is an important alternative to improving soil fertility and nutrient availability in the
soil for plant uptake, growth and development. In simple words, green manuring incorporates green plants
into the soil to improve the nitrogen and soil organic matter.

WHY NEED GREEN MANURING?

v It improves the nutrient availability for crop plants.
It improves soil organic matter.
It helps to improve soil aggregate stability.

v
v
v It improves the water holding capacity.

v" It improves the soil's microbial and enzymatic activities.
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v" It breaks the disease-pest inoculum cycle.

v It increases soil aeration.
CRITERIA FOR SELECTION OF IDEAL GREEN MANURING CROP

v Quick growing
v Leguminous in nature with the ability for biological nitrogen fixation
v A crop must be cost-effective

v" Requires less irrigation

v Requires less crop protection measures

v’ Easily decomposable on incorporation

TYPES OF GREEN MANURING
Green manuring is grouped into two types:

a. Insitu green manuring: A crop is grown in the same field and ploughed. Examples sesbania,
dhaincha etc.

b. Green leaf manuring: The leaves, twigs or biomass are collected from one field and added to the
field where green manuring is targeted. Examples glyceridia, calotropis etc.

Some important green manure crops based on their time of application are given below:

Crop Sowing time | Seed rate | Green Nitrogen Period
(kg ha'l) | biomass fixed (weeks)
(t hat) (kg ha?)

To support Kharif season

Dhaincha April-July 70-80 20-25 80-100 6-8

Sunhemp April-July 70-100 25-30 60-100 5-6

Cowpea April-July 40-50 40-60 60-75 7-9

Mung bean June-July 20-25 20-25 20-30 11-12

To support Rabi season crop

Indian  clover | October- 25-30 25-30 120-130 6-8

(senji) December

Berseem October- 20-25 20 50-60 4-6
December

BENEFITS OF GREEN MANURING

v Good green manure crops may add 20-30 kg N, 4-5 kg P.Os, 17-20 kg K20, 1-2 kg S, 1-11.5 kg
magnesium, 25 ppm zinc and 105 ppm iron.

v The green manure crop adds to soil organic matter content, which act as a source of food and energy
for soil microbes.

v" It helps in binding the soil particles and improves the soil aggregate stability.
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v" It helps to improve the water holding capacity.

v It improves the soil microbial and enzymatic activities, which helps in nutrient transformation in
soil.

v" It breaks the disease-pest inoculum cycle.

v' It also contributes in increasing soil aeration.

SOME DIFFICULTIES IN THE ADOPTION OF GREEN MANURING
« Lack of quality seed material

% Lack of assured irrigation for decomposition of incorporated green manure crop
%+ Low biomass in green manure crops due to early onset of flowering
« Lack of awareness among farmers

«+ Lack of govt support and policy intervention
CONCLUSION

Green manuring is a process of incorporating green plants into the soil to improve nitrogen and soil
organic matter. Green manuring is an important alternative to improving soil fertility and nutrient
availability in the soil for plant uptake, growth and development. In addition, green manuring may help
sequester carbon from the atmosphere and support efforts to combat climate change.
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ABSTRACT

With increased population, shrinking available resources, and
climate change sustaining agricultural productivity becomes
challenging.  Integrating PLANT GROWTH PROMOTING
RHIZOBACTERIA (PGPR) in management practices may help largely
in agriculture by reducing the dependency on chemical fertilizers and
chemicals. The PGPR is a green technology that can help enhance soil
fertility by improving nutrient availability, crop growth and
development. PGPR also contributes to phytoremediation and imparts
resistance to crop plants against disease and pest attacks.

INTRODUCTION

With globalization and rising awareness about food quality, the emphasis is increasing on higher

agricultural productivity with quality. However, on the other hand, increased population, shrinking
available resources, and climate change sustaining agricultural productivity becomes challenging.
Therefore, in the last decades, the focus has shifted to saving the available resources for future generations.
In this context, researchers are trying to understand and emphasize the role of plant growth in promoting
rhizobacteria for higher production and sustainability.

PLANT GROWTH PROMOTING RHIZOBACTERIA?

PGPR are the bacterial strains that colonize the rhizospheric root zone of plants and contribute to
plant growth and development through increasing nutrient availability through biological nitrogen fixation
and solubilization, releasing phytohormones, decomposing soil organic matter, imparting resistance against
diseases and pest attacks. PGPR follow several mechanisms for promoting plant growth and development,
including biological nitrogen fixation, nutrient solubulization, production of phytohormones, antibiotic and
siderophores production, production of growth hormones, etc.

POTENTIAL ROLE IN AGRICULTURE

The effective utilization of PGPR in agriculture has immense scope for increasing global food production,

such as:
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« By biological nitrogen fixation, PGPR improves nitrogen availability in the soil.

¢+ Through solubilization, PGPR improves the phosphorus and potassium in the soil.

« Enhanced activity of PGPR contributes to soil organic matter decomposition and release of
micronutrients in soil solution.

++ The PGPR strains help nodulate and improve the crop plants' root system.

% PGPR release certain growth hormones viz; IAA, cytokinin and gibberellin, which are beneficial
for plant growth and development.

% PGPR releases substances acting as antibiotics and imparts resistance against pest and disease
attacks on crop plants.

+ Removal of heavy metals through rhizoremediation.
AVAILABILITY IN MARKET

Earlier, the availability of PGPR was limited in the market, but due to government support and
increased participation from the private sector, the availability has been increased. Different formulations
of PGPR are now available at fertilizer and pesticide stores at a minimal charge. These formulations are
solid and liquid carriers based and can be effectively used for seed treatment, root dipping, spraying, and
soil application without any harmful effects.

PRECAUTION BEFORE USING PGPR

« The PGPR formulation purchased must have certification from the manufacturer about its expiry
and viable population of bacteria.

+¢+ Each crop has specific PGPR strains, so only recommended strains should be used.

< A little excess amount of the culture should be used to maintain the microbial population's density
and quick colonization.

¢+ The PGPR products should not be exposed to a high temperature beyond 28°C as it will reduce the
viability of the microorganism.

¢ The farm implements used for other agrochemicals must be cleaned properly before using PGPR.

If possible direct contact should be avoided.
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CONCLUSION

An appropriate management strategy for crop cultivation is the key to improving the crop
productivity and nutritional quality of the food. The integration of PGPR in management practices may
help largely in the agriculture sector by reducing the dependency on chemical fertilizers and chemicals.
The PGPR is a green technology that can help enhance soil fertility by improving nutrient availability, crop
growth and development. PGPR also contributes to phytoremediation and imparts resistance to crop plants

against disease and pest attacks.

*hkkkhkkikhkkikk

16| Page



