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Executive Summary
India has seen 1.2 °C increase in mean surface air temperaturesince 1901 and climate change
projections up to the year 2100 indicatean overall increase of 2–4°C. In addition to temperature
increase other risk factorsinclude, changes in the monsoon pattern, increased intensity of
extreme weather events includingflooding and tropical cyclones, extremes of heat, and sealevel rise etc. Due to India’s vast geographic diversity, the impacts of climate change are
likely to bevaried as per the agro-climatic conditions.
Rainfed agriculture, which constitutes nearly 58 percent of the net cultivated area in thecountry
is expected to be significantly impacted by climate change. This is due to the practice of
rainfed agriculture mostly on fragile, degraded and sloping lands which are prone to erosion
and the people dependent on rainfed agriculture are also less endowed in terms of financial,
physical, human and social capital;limiting their capacity to adapt to the changing
climate.Climate change can impact the welfare of ruralhouseholds through a variety of channels
through its negative effect on agricultural productivity,availability of water and natural
resources, health, infrastructure, among others.
The NRLM, launched within the MoRD in June 2011, is a national program aims at creating
efficient and effective institutional platforms of the rural poor enabling them to increase
household income through sustainable livelihoodenhancements and improved access to
financial services. As agriculture is the mainstay livelihoods activity for a large proportion of
the rural poor, NRLM lays special focus on sustainable agriculture and allied activities such
as animal husbandry, non-timber forest produce and fisheries. In order to expand
demonstrations of appropriate practices and technological interventions have been planned
through Sustainable Livelihoods and Adaptation to Climate Change (SLACC) in a farmer
participatory mode to enhance their adaptive capacity and coping ability. The SLACC project
was initiated by Ministry of Rural Development (MoRD) and World Bank within the umbrella
of National Rural Livelihoods Mission (NRLM) implemented in two states namely Madhya
Pradesh and Bihar.
SLACC is covering drought and flood prone areas with agriculture sector at the core of the
SLACC project. It is addressing allaspects of farm-based livelihoods that may be affected by
climate change by helping thecommunity to choose interventions for the: production system
such as participatory selection ofclimate-resilient varieties/breeds; ecological system such as
tree-based farming or soil moistureconservation; knowledge system such as local weatherbased agro-advisories, and financialsystem such as weather based insurance, establishing
Custom Hiring Centres (CHCs). A trained Community Resource Person (CRP) has been placed
in each village to provide support to the farmers on climate adaptation planning,
implementation and monitoring.
Capacity building is one of the key components in the SLACC project to enrich the knowledge
of different CRPs and Mission staff (NRPs) of both the states. NIRDPR developed certificate
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training course for CRPs and Mission staff separately for understanding about the climate change,
variability, interventions that can help in improving the production, information on the weather
advisory services, and alternate livelihood activities for climate resilience that can be implemented
throughout the country. This training manual contains a total of 26 modules based on successful
climate resilient interventions. These modules were developed by resource persons from different
reputed organizations which include background of climate change and variability, vulnerability
maps, preparation of climate change adaptation plan, climate resilient interventions, alternate
livelihood practices etc, under the base of production, ecological, technological and financial
inclusions. These modules will give exposure, knowledge and hands-on training to the participants
to train the other farmers in the States.
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1. Climate Change, Variability and Impacts
- A.V. M. Subba Rao, Sudesh Yadav and M.Vanaja

Background
The concept of climate must be understood before knowing about climate change. Climate means the
average of the weather parameters, primarily ambient temperature, rainfall, relative humidity, wind speed
and its direction. In general, a 30-year average is considered to record and mark the climate of a region/
country/globe. The very existence of three spheres, viz. atmosphere, hydrosphere and lithosphere as well
as evolution of life forms and their sustenance on planet Earth are intractably dependent and driven by the
climate of the region. The primary indicators of climate linked to the natural physical processes/interactions
among three spheres and the survival of life are ambient temperature, relative humidity, rainfall, glacier/
snow/ice melting, and wind circulation. Any perturbation or change in the climate will directly affect the
life forms (flora and fauna) of the region/s.
In the 21st century, there is a consensus at global level that such climate change is real and happening on
human scale across the globe. Further, one parameter, i.e., ambient temperature affects all others such as
relative humidity, wind patterns and rainfall. The list of impacts of climate change is very long starting
from water availability, floods/drought, glacier melting, sea level rise, agriculture (crop yield and quality)
and allied sectors. All these eventually affect the livelihoods of farmers/poor/marginalised society and
even introduce gender bias in the society. To manage these climate change impacts, adaptation strategies
need to be evolved.

Definition and Meaning of Climate Change
Intergovernmental Panel on Climate Change (IPCC) refers climate change as the state of the climate that
can be identified with the changes in the mean and/or the variability of its properties, and that persists for
an extended period, typically decades or longer. It refers to any change in climate over time, whether due
to natural variability or as a result of human activity (IPCC, 2007). The increase of global mean surface
temperature by the end of the 21st century (2081–2100) relative to 1986–2005 is likely to be in the range
of 1.7°C to 4.8°C under representtive concentration pathways (RCP8; IPCC, 2014).
Climate Variability
Climate variability refers to variations of the
climate
-in the mean state, and
-in other statistics, such as standard deviations and
the occurrence of extremes

Climate Change
Climate change refers to a a long-term change in
the state of climate, that can be identified by
changes in the means and/or changes in the
variability.
Climate change also include gradual and/or abrupt
changes of the frequencies and intensities of
extreme events
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Causes of Climate Change
The causes of climate change are both natural and man-made. But the present day problem of climate
change is largely and primarily man-made in nature. Broadly, they can be listed as:
•

Burning of fossil fuels and biomass is leading to increase in CO2, while greenhouse gas is reflecting
on rise in temperature.

•

Change in land use/deforestation will convert forest area to agriculture/housing/industrial areas. Further,
reduction in storage of carbon is affecting the wind, temperature and rainfall patterns.

•

Over-exploitation of natural resources such as excessive use of irrigation and groundwater is reflecting
on reduction in water availability and changes in water cycle.

•

Release of methane and nitrous oxide gases from poor livestock management, agricultural practices
and wetlands will increase temperatures.

Overview of Climate Scenarios
The rise in temperature due to greenhouse gases will influence rainfall, which is eventually essential for
the agriculture, forest and livestock. The projected variations in the temperature trends and rainfall patterns
across the globe are shown pictographically for the periods from 1986-2005 and from 2081-2100 (Fig. 1).
The projections are estimated based on different
representative concentration pathways (RCP)
formulated from time to time under IPCC.
It is evident that as the temperature increases,
the rainfall decreases or increases at different
places. Such change in rainfall patterns (time
and amount) will change the sowing timing of
the crops and can further induce drought and
floods, which again will affect the agriculture
and livestock. This can even induce the shift in
cropping pattern and migration of livestock in
search of fodder. As a result, change in socioeconomic pattern will induce migration of
mankind in search of livelihood.
(Source: IPCC, 2014)
Fig. 1: Changes in average Surface temperature

Impacts of Climate Change
Several studies have shown that unless we
adapt, there is a probability of a 10-40 per cent
loss in crop production in India by the end of
the century owing to global warming, despite
the beneficial aspects of increased atmospheric
CO 2. The projected increase in drought and
floods could result in a greater instability in food
production and threaten the livelihoods of
farmers. The projected impact of increasing
temperature, as given by the IPCC, is shown
graphically (Fig. 2).
(Source: IPCC, 2014)
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Fig. 2: Projected impacts of climate Change
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India is no less affected by climate change compared to the rest of the world. For better understanding,
the monthly average rainfall patterns at four different places in India for the periods from 1961-1990 and
from 1991-2002 are shown below (Fig. 3).
The rainfall at some places have increased while decreased at other places, and also the changes are
different during different months of the year. Such monthly, seasonal and yearly changes affect the sowing
patterns of crop, may invite invasive species and varieties of seeds. This will affect the productivity,
livestock and the livelihood of farmers. Therefore, location- specific interventions must be evolved, adapted
and practiced to face the extremity of climate change. In the figure below, it is evident that irrespective of
deficiency in rainfall and total affected areas, the total loss in foodgrain production has been reduced
from 24 to 15per cent (Fig. 4).

Fig. 3: Shifts in Monthly rainfall pattern

Fig. 4: Monsoon Aberration During 2002-2009 -India

Impact of Climate Change on Agriculture
A large section of Indian population is enganed in agrarian activities and they rely heavily for their
livelihood on agricultural outcome. Agriculture contributes to 15 per cent of India’s GDP (2017). Food
security is hampered due to climate change as a result of decline in productivity due to lack of food
availability and access.
The Indian Council of Agricultural Research (ICAR) has predicted significant impact of climate change
on crop yields in major food crops such as rice, wheat, sorghum (2020, 2050 and 2080 scenarios), maize
(2030 and 2080) under the National Network Project on Climate Change (NPCC). Climate change may
likely benefit certain crops such as chickpea, soybean and potato in India.
Rice
Irrigated rice yields are projected to reduce by 4 per cent in 2020, 7 per cent in 2050 and by 10 per cent in
2080 scenarios. On the other hand, rainfed rice yields in India are projected to reduce by 6 per cent in
2020 scenario, but in 2050 and 2080 scenarios, they are projected to decrease marginally (<2.5 per cent).
Adopting improved varieties and input management can enhance the yields by 6-17 per cent under irrigated
condition and by about 20-35 per cent in rainfed condition.
Another study conducted by All India Coordinated Research Project on Agrometeorology (AICRPAM) of
ICAR-CRIDA revealed that annual mean minimum temperature showed warming @ 0.24°C per decade
(10 years) on all-India basis. The magnitude of rise in seasonal mean temperatures is more during rabi
(0.28 °C 10 yr–1) compared to kharif (0.19 °C per decade). Kharif paddy yields in 268 districts across the
country (57.2 per cnt of paddy growing area) were affected by a rise in minimum temperature. Declines in
Kharif paddy yield range between 411 and 859 kg ha?1 per 1 °C rise in minimum temperature across
different regions of India.
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Wheat
Climate change is projected to reduce the timely sown irrigated wheat production by about 6 per cent in
2020 scenario from the existing levels. However, late and very late sown wheat yields are projected to
decrease by about 18 per cent in 2020, 23 per cent in 2050 and 25 per cent in 2080 scenarios, if no
adaptation is followed. However, adaptation by sowing improved varieties coupled with good agronomic
management can improve the yields by about 10 per cent in 2020 (2010-2040) scenario.
Maize
Climate change is projected to reduce the irrigated kharif maize yields by up to 18 per cent in 2020
scenario, if no adaptation is followed. However, adaption of technologies such as improved varieties and
agronomic management can improve the yields by about 21 per cent in 2020 scenario. Climate change in
2050 and 2080 scenarios is projected to reduce the irrigated kharif maize yields by 18 to 23 per cent and
with the adaptation practices, yields are projected to improve the yields by about 10 per cent in 2050 and
by 4 per cent in 2080 scenario.
Sorghum
Rainfed sorghum yields, on all-India scale, are projected to marginally (2.5 per cent) decline in 2020
scenario, while it is projected to decline by about 8 per cent in 2050 scenario. Adaptation strategies such
as improved and tolerant varieties with application of higher dose of nitrogen fertiliser can enhance the
irrigated maize net production by about 21 per cent in 2020, 10 per cent in 2050 and 4 per cent in 2080
scenarios.
Soyabean
Likely increase in kharif soybean yield in the range of 8-13 per cent under different future climate scenarios
(2030 and 2080) is predicted.
Groundnut
Kharif groundnut yields are projected to increase by 4-7 per cent in 2020 and 2050 scenarios, whereas in
2080 scenario, the yield is likely to decline by 5 per cent.
Chickpea
Future climates are likely to benefit chickpea by an average increase in productivity ranging from 23 to
54 per cent. However, a large spatial variability in the magnitude of change in productivity is projected.
Potato
Climate change may likely to benefit potato in Punjab, Haryana and Western and Central UP by 3.46 to
7.11 per cent by 2030. In West Bengal and Southern plateau region, potato production may likely to
decline by 4 - 16 per cent by 2030.

Impact of Climate Change on Horticulture
The established commercial varieties of fruits, vegetables and flowers will perform poorly in an
unpredictable manner due to climate change. Melting of ice cap in the Himalayan region will reduce
chilling effect required for the flowering of many of the horticultural crops like apple, orchid, etc. In
Himachal Pradesh, consequent to warming and reduction in chilling temperatures, apple cultivation has
shifted to higher elevations.
Commercial production of horticultural plants, particularly grown under open field conditions, will be
severely affected. Due to high temperature, physiological disorder of horticultural crops will be more
pronounced, e.g., spongy tissue (gaurds), fruit cracking (pomegranate), flower and fruit abscission (mango,
citrus, tamarind), etc.
Air pollution also significantly decreases the yield of several horticultural crops and increases the intensity
of certain physiological disorder like black tip of mango.
4
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Impact of Climate Change on Water
Of the total precipitation of around 4000 km3 in the country, the availability from surface water and
replenishable groundwater is estimated at 1869 km3. Owing to variations of topography, and an uneven
distribution of rain over space and time, only about 1123 km3, including 690 km3 from surface water, and
433 km3 from groundwater resources can be put to beneficial use.
India has 20 river basins having a total catchment area of 2.53 Mkm2. The largest is the Ganga-BrahamputraMeghna system, which has an area of about 1.1 Mkm2 (more than 43 per cent of the total catchment area
of all the major rivers in the country). The other major basins with catchment areas of more than
0.1 Mkm2 are those of the Indus, Mahanadi, Godavari and Krishna. There are a further 46 medium river
basins with catchment areas of between 2000 and 20 000 km2, totalling about 0.25 Mkm2.
Creation of a large irrigation potential has been the cornerstone of India’s agricultural growth and past
food security. This will be affected considerably by climate change as well as by future changes in the
effectiveness of irrigation methods. Climate change scenarios have an impact on the hydrological cycle,
which, in turn, is likely to result in (i) greater rainfall intensity; (ii) decrease in number of rainy days; (iii)
overall increase in precipitation; (iv) an initial increase in glacial melt and run-off, followed by a
decrease;(v) increase in run-off and reduced groundwater recharge and (vi) an increase in flood as well as
drought conditions. These changes will affect the supply of water from inflow from rivers, reservoirs,
tanks, ponds and total replenishable groundwater resource.
It has been observed through remote sensing that several monsoon-influenced glaciers are retreating. The
increased melting and recession of glaciers associated with climate change could further alter the run-off.
Any increase in melting of glacier in the Himalayas is likely to affect the availability of irrigation water,
especially in the Indo-Gangetic plain. More than one-sixth of the world’s population is currently dependent
on melt water from mountain ranges. Melting of glaciers is facilitating flooding of agricultural cropped
area and leading to loss of food crops and productivity, which in turn, reflects on the food security of the
nation.
Vagaries of monsoons are mainly due to El-nino effect. Further, the amount of rainfall received also
varies with the geographical regions (e.g. Rain shadow regions). Erratic rainfall and abrupt ending of
monsoons are promoting drought situations in different agro-climatic conditions, which is hampering
food security and livelihood opportunities.

Impact of Climate Change on Food
Increase in temperature, and frequency of droughts and floods are likely to affect crop production negatively,
which could increase the number of people at risk from hunger and increased levels of displacement and
migration. These changes can further alter the health status of millions of people, including increased
deaths, disease and injury due to heatwaves, floods, storms, fires and droughts.
Increased malnutrition, diarrhoea and malaria in some areas will increase vulnerability to extreme public
health. The development goals will be threatened by long-term damage to health systems due to disasters.

Impact of Climate Change on Livestock
Changes in climate could affect animals both directly and indirectly.
•

Heatwaves, which are projected to increase under climate change, could directly threaten livestock.
Over time, heat stress can increase vulnerability to disease, reduce fertility and reduce milk production.

•

Climate change may increase the prevalence of parasites and diseases that affect livestock. The earlier
onset of spring and warmer winters could allow some parasites and pathogens to survive more easily.
In areas experiencing increased rainfall, moisture-reliant pathogens could thrive.

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)
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•

Drought may threaten pasture and feed supplies. Drought reduces the amount of quality forage available
to grazing livestock. Some areas could experience longer, more intense droughts, resulting from higher
summer temperatures and reduced precipitation. For animals that rely on grain, changes in crop
production due to drought could also become a problem.

•

Potential changes in veterinary practices, including an increase in the use of parasiticides and other
animal health treatments, are likely to be adopted to maintain livestock health in response to climateinduced changes in pests, parasites, and microbes. This could increase the risk of pesticides entering
the food chain or lead to evolution of pesticide resistance, with subsequent implications for the safety,
distribution, and consumption of livestock and aquaculture products.

Gender Bias/Equity
Women are highly vulnerable to climate change as they are more prone to the adverse impacts of climate
change. Their inability to address the climate variability arise from prevailing social inequalities, and
social and economic roles due to the differences in their property rights, access to information, lack of
employment and inequal access to resources. At the advent of climate change, women are exposed to lose
of harvest. Hence, traditional food sources become more unpredictable and scarce. Women are also more
prone to drudgery due to climate change as they are responsible for water collection in their communities
and are therefore, more affected when accessibility changes.
Climate change threatens to widen existing gender-based disparities. Internationally, studies have also
noted that women face higher risks and experience a greater burden of climate change impacts. This is
notably true for health impacts, making climate change a risk-multiplier for gender-based health disparities.
Loss of crop yield and livestock due to climate change affects the women empowerment in rural and
agrarian society.

Adaptation Strategy
•

To sustain the agriculture production including horticulture, animal husbandry fisheries as well as
livelihoods of the farmers against the backdrop of climate change, there is an immediate exigency for
adaptation of different technologies and management practices available across the country.

•

Build projected climate change related trends in today’s risk and vulnerability assessment based on
current climate variability.

•

Prioritise adaptation efforts in communities where vulnerabilities are highest and where the need for
safety and resilience is greatest.

•

Fully integrate adaptation into long-term national and local sustainable development and poverty
reduction strategies.

•

Prioritise the strengthening of existing capacities – among local authorities, civil society organisations,
and the private sector – to lay the foundations for the robust management of climate risk and the rapid
scaling up of adaptation through community-based risk reduction and effective local governance.

•

Develop robust resource mobilisation mechanisms for adaptation that ensure the flow of both financial
and technical support to local actors.

•

Leverage the opportunities in disaster prevention and response through improved early warning systems,
contingency planning and integrated response, to promote effective community-based adaptation and
risk reduction.

•

The interventions must be location/activity specific under broader adaptation plans.
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Way forward
To address the climate change problems, the suggested measures at local level may be:
•

Mapping of the sensitive areas to climate change

•

Climate change adaptation strategies (CCAP tool, etc.)

•

Climate resilient interventions specific to the practices

•

Exposure to the best practices/interventions at selected institutions

•

Development of the operational manuals

•

Climate change awareness programmes to sensitise the farmers and other stakeholders

•

Convergence with ongoing flagship programmes

GHG
emissions

Increased
concentration of
GHGs in the
atmosphere

Climate
Change

Impacts

Response
options

Mitigation

Adaptation
Geoengineering

Fig. 5: Climate Change - Roadmap
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2. Vulnerability Assessment under the
Projected Climate Change
- A.V.M. Subba Rao
The projected global warming and climate change is likely to raise the nature of hazards, frequency and
intensity of events such as tropical cyclones, floods, droughts and heavy precipitation events. Changes in
some types of extreme events have already been observed, for example, increases in the frequency and
intensity of heat waves and heavy precipitation events (Meehl et al., 2007). Climate change projections
made for India indicate an overall increase in temperature by 1o to 4oC and precipitation by 9-16 per cent
towards 2050s (Krishna Kumar et al., 2011). However, different regions are expected to experience
differential change in the amount of rainfall in the coming decades. Another significant aspect of climate
change is the increase in the frequency of occurrence of extreme events such as droughts, floods and
cyclones. Rising temperatures will alter the crop growing season that affects food security.
The climate change will have adverse impacts on climate-sensitive sectors such as agriculture, water,
forest, coastal ecosystems and human health. Historical trends also show a noticeable increase in the
mean temperature in our country, though there is no discernible trend in the rainfall during the last several
decades. However, regional variation in behaviour of monsoon rainfall was observed over the years.
However, adaptation is a process through which societies make themselves able to cope with an uncertain
future. Adapting to climate change entails taking the right measures to reduce the negative effects of
climate change (or exploit the positive ones) by making the appropriate adjustments and changes. There
are many options and opportunities to adapt such as, reducing water use in times of drought, early warning
systems for extreme events, better water management, improved risk management, various insurance
options and biodiversity conservation.
In order to develop and target appropriate adaptation measures, it is important to identify regions that are
more affected by climate change. Hence, assessment of vulnerability of different regions was identified
as an important activity by National Innovations on Climate Resilient Agriculture (NICRA) - Central
Research Institute for Dryland Agriculture (CRIDA), Hyderabad. For this analysis, CRIDA has taken
district as a unit since most of the development planning and programme implementation are done at
district level in India. Further, data pertaining to socio-economics, which is integral to assessment of
vulnerability to climate change and adaptation planning are also available at the district level. The
vulnerability assessment is useful in identifying the districts that are relatively more vulnerable to climate
change so that the necessary investments can be targeted better. It is also useful in identifying sources of
vulnerability that are critical to develop appropriate adaptation measures in terms of technologies,
investments and policies.

What is Vulnerability?
Vulnerability in climate change context is generally related to the residual impact of climate change after
accounting for the adaptation. In the context of climate change and agriculture, vulnerability refers to the
propensity of the entity to face a climate shock and suffer loss in production and/or income from agriculture,
though the latter is not always specified explicitly (Kavi Kumar et al., 2007). Earlier studies on vulnerability
assessment viewed vulnerability more as a bio-physical impact of climate change. The emphasis gradually
shifted to derive policy lessons from vulnerability assessment as the purpose of such assessment was to
identify strategies that reduce vulnerability of the systems or the populations concerned.
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There are three major approaches to analyse vulnerability to climate change they are:
•

Socio-economic Approach: The focus is mainly on socio-economic and political status of individuals
or social groups that vary in terms of education, wealth, health status, access to resources (credit,
information, etc.), social capital and so on.

•

Biophysical Approach: It assesses the level of damage for both social and biological systems in a
prevailing environmental stress that is generally identified with impact assessment or hazard-loss
relationship.

•

Integrated Approach: This combines both socio-economic and bio-physical approaches to determine
vulnerability.

The IPCC Definition of Vulnerability is “the degree to which a system is susceptible to, or unable to
cope with adverse effects of climate change including climate variability and extremes. Vulnerability is a
function of the character, magnitude and rate of climate variation to which a system is exposed, its sensitivity
and its adaptive capacity.”
Vulnerability has three components: adaptive capacity,
sensitivity and exposure
Sensitivity is defined as “the degree to which a system
is affected, either adversely or beneficially, by climaterelated stimuli.” It is determined by demographic and
environmental conditions of the region concerned.
E.g.: land degradation, population density, crop
diversification, fragmented land holdings, etc.
Exposure is defined as “the nature and degree to
which a system is exposed to significant climatic
variations.” E.g.: temperature, precipitation and
extreme weather events.

Fig. 1: Components of Vulnerability

Adaptive capacity is “the ability of a system to adjust to climate change, including climate variability
and extremes to moderate potential damages, take advantage of opportunities or cope with the
consequences.

How to Assess the Climate Change Vulnerability?
The three components of vulnerability, viz. sensitivity, exposure and adaptive capacity are represented
through variables like net sown area, rural population density which determine the ‘extent’ of the problem,
while the indicators such as water holding capacity of soils, stage of groundwater development, frequency
and intensity of occurrence of climate system (cyclone, drought, floods, etc.) shocks determine the intensity
or degree of effect of such shocks. Similarly, variables/indicators that are relatively more responsive to
policy measures are included in the adaptive capacity. Almost 35 indicators (Table 1) were used in analysing
the vulnerability. The study is more comprehensive as it covers 572 rural districts in the country.
The future climate change projections, SRES A1B downscaled by PRECIS model and the daily data on
rainfall, maximum and minimum temperature obtained from this were used to compute all the indicators
mentioned above. The data on the indicators chosen were then normalised and combined into an index
following the methodology followed in computation of Human Development Index-7 (UNDP, 1999, 2006).
Three indices for sensitivity, exposure and adaptive capacity were constructed by obtaining a weighted
mean of the indicators identified. These three indices were then averaged (with differential weights) to
obtain the vulnerability index, higher values of which indicate higher vulnerability and lower values
lower vulnerability. The index is only a relative measure of the risk between the districts and not an
absolute measure of damage or risk due to climate change. It is however helpful in targeting and
prioritisation of investments for adaptation.
Sustainable Livelihoods and Adaptation to Climate Change (SLACC)
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Table 1: Different Indicators used in the Analysis
Sensitivity

Exposure (change wrt baseline)

Adaptive Capacity

Net sown area

Annual rainfall

Rural poor

Degraded land

June rainfall

SC/ST population

Annual rainfall (normal)

July rainfall

Workforce in Agriculture

Cyclone proneness

Number of rainy days

Total literacy

Area prone to flood incidence

Max T

Gender Gap

Drought proneness

Min T

Markets

Available water holding capacity of the soil

Heat wave frequency

Accessibility

Stage of GWD

Cold wave frequency

Rural Electrification

Rural Pop. Density

Δ Frost occurrence

NIA

Small and marginal farmers

Drought proneness

Livestock population

Dry spell (> 14)

Fertiliser consumption

Extreme rainfall events
(1000mm, highest 99, percentile)

Groundwater
availability
Agriculture GDP/GDP

Further, All 572 districts were categorised into five equal quintiles of 114 districts each and one district at
the margin was added to two more vulnerable categories. Thus, five categories of districts with – Very
High Vulnerability (115), High Vulnerability (115), Medium Vulnerability (114), Low Vulnerability (114)
and Very Low Vulnerability (114) were identified. Further, the most important factors contributing to
vulnerability were identified based on the normalised values of all the indicators and weights from each
of the three dimensions given in case of districts with high and very high vulnerability so that appropriate
interventions can be planned to minimise the vulnerability. Three variants of vulnerability were computed
by the indices. Those are as follows:
a)

Vulnerability computed based on sensitivity and adaptive capacity.

b)

Vulnerability computed using the projected climate data from 2021-2050 in comparison to the baseline
data (1961-90).

c)

Vulnerability computed using the projected climate data from 2071-2098 in comparison to the baseline
data (1961-90). After computing the indices, district maps were generated for sensitivity, exposure
and vulnerability.

Sensitivity Index: Most of the districts in north-west India have very high sensitivity and those in the
Indo-Gangetic plains of Uttar Pradesh, Bihar and West Bengal exhibit high sensitivity. Similarly, a number
of districts in peninsular semi-arid regions are also highly sensitive. Sensitivity is found to be relatively
low in the eastern, north-eastern, northern parts and along the west coast of the country (Fig. 7).
Exposure Index (Mid-century relative to baseline): High to very high exposure is observed in districts
of Madhya Pradesh, Karnataka, Rajasthan, Gujarat, Maharashtra, Bihar, Tamil Nadu, North-Eastern States
and in Jammu & Kashmir. Districts with low and very low exposure are seen in Andhra Pradesh, Odisha,
West Bengal, parts of Punjab, Haryana, Rajasthan and Uttar Pradesh (Fig.2).
Exposure Index (End-century relative to baseline): High to very high exposure to climate change is
observed in districts of Rajasthan, Madhya Pradesh, Uttar Pradesh, Punjab, Jammu & Kashmir, Uttarakhand,
Chhattisgarh, Karnataka, Maharashtra and North-Eastern States. Districts with low and very low exposure
are seen along the western and eastern coasts of the country as well as in Andhra Pradesh, Haryana,
western Uttar Pradesh, southern Madhya Pradesh, northern Maharashtra, Jharkhand and North-Eastern
States (Fig. 3).
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Fig. 2: District-wise Sensitivity in
India

Fig. 3: Exposure computed using
the projected climate data from
2021-2050 in comparison to the
baseline data (1961-90)

Fig. 4 : Exposure computed using
the projected climate data from
2071-2098 in comparison to the
baseline data (1961-90)

Vulnerability index
a. Vulnerability Index: Many districts in Rajasthan, Gujarat, Maharashtra, Karnataka and some districts
in Andhra Pradesh, Uttar Pradesh, Bihar, Uttarakhand and Jharkhand exhibit high and very high
vulnerability. Most districts along the eastern and western coast, North-Eastern States are less vulnerable
(Fig.4).
b. Vulnerability Index (mid-century): Districts in Rajasthan, Gujarat, Madhya Pradesh, Karnataka,
Maharashtra, Andhra Pradesh, Tamil Nadu, eastern Uttar Pradesh and Bihar exhibit very high and
high vulnerability. Districts along the west coast, northern Andhra Pradesh and North-Eastern States
are relatively less vulnerable (Fig. 5).

Fig. 5: Vulnerability Index computed
based on sensitivity and adaptive
capacity

Fig. 6: Vulnerability computed using
the projected climate data from 20212050 in comparison to the baseline data
(1961-90)
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Fig. 7: Vulnerability computed using
the projected climate data from
2071-2098 in comparison to the
baseline data (1961-90)
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c. Vulnerability Index (end-century): Almost all districts in Rajasthan and many districts in Gujarat,
Maharashtra, Karnataka and a few districts in Madhya Pradesh, Uttar Pradesh, Bihar, Punjab, Haryana,
Himachal Pradesh, Uttarakhand and Andhra Pradesh exhibit very high vulnerability. A majority of
districts with low and very low vulnerability are located along the west coast and southern and eastern
parts of the country (Fig. 7).
From the above analysis and interpretations, it is observed that the districts with very high and high
vulnerability are mostly falling in the States of Rajasthan, Gujarat, Uttar Pradesh, Madhya Pradesh,
Karnataka and Maharashtra. Similarly, of the 115 districts that are highly vulnerable to climate change
and variability, 18 are in Uttar Pradesh, 16 in Madhya Pradesh, 15 in Bihar, 9 in Haryana, 7 in Chhattisgarh
and 6 each in Jharkhand, Gujarat and Rajasthan. Investments that enhance adaptive capacity and resilience
may be targeted in these districts.
Two States have been selected viz. Bihar and Madhya Pradesh to show the most important factors
contributing to vulnerability at district in the Tables 2 and 3.
Table 2 : Most Important Factors
Contributing to Vulnerability (Bihar)

Table 3 : Most Important Factors
Contributing to Vulnerability (Madhya Pradesh)

District

Vulnerability

Exposure Factor

Sensitivity
Factor

Adaptive
Capacity Factor

District

Vulnerability

Exposure Factor

Sensitivity
Factor

Adaptive
Capacity Factor

Madhubani

Very High

Projected decrease
in July rainfall

High NSA

Low groundwater
availability

Shajapur

Very High

Projected rise in min T

High NSA

Low groundwater
availability

Araria

Very High

Projected decrease
in number of
drought years

High NSA

Low NIA

Dindori

Very High

Projected rise in min T

Low AWC

Low NIA

Ratlam

Very High

Projected rise in min T

High NSA

Low NIA

Dhar

Very High

Projected rise in min T

Sidhi

Very High

Vidisha

Very High

Projected rise in min T

Shivpuri

Very High

Projected rise in min T

Ujjain

Very High

Projected rise in min T

High NSA

Low groundwater
availability

Bhind

Very High

Projected rise in min T

High NSA

Low groundwater
availability

Barwani

Very High

Projected rise in min T

Shahdol

Darbhanga

Very High

Projected decrease
in July rainfall

High NSA

Low NIA

Supaul

Very High

Projected decrease
in July rainfall

High NSA

Low groundwater
availability

Bhagalpur

Very High

Projected decrease
in July rainfall

High NSA

Low NIA

Gopalganj

Very High

Projected decrease
in July rainfall

High NSA

Low groundwater
availability

High

Projected decrease
in July rainfall

High NSA

Low NIA

Projected decrease
in July rainfall

High NSA

Saran
Purnea

High

Low NIA

Saharsa

High

Projected decrease
in July rainfall

High NSA

Low NIA

Siwan

High

Projected decrease
in July rainfall

High NSA

Low groundwater
availability

Katihar

High

Projected decrease
in July rainfall

High NSA

Low groundwater
availability

Patna

High

Projected decrease
in July rainfall

High NSA

Low NIA

Buxar

High

Projected decrease
in July rainfall

High NSA

Low groundwater
availability

Low Rainfall Low groundwater
availability

Projected increase in
Highly
number of draught years drought prone
High NSA

Low NIA
Low groundwater
availability

Low Rainfall Low groundwater
availability

Low Rainfall Low groundwater
availability

Very High

Projected rise in min T

High NSA

Low NIA

Rewa

High

Projected rise in min T

High NSA

Low NIA

Mandla

High

Projected increase in
number of draught years

High NSA

Low NIA

Dewas

High

Projected increase in
number of draught years

High NSA

Low groundwater
availability

Neemuch

High

Projected rise in min T

Low Rainfall Low groundwater
availability

Khargone
(West Nirmar)

High

Projected rise in min T

Low Rainfall Low groundwater
availability

Betul

High

Guna

High

Projected rise in min T

High NSA

Low groundwater
availability

Projected increase in Low Rainfall
number of draught years

Low NIA

Sitamarhi

High

Projected decrease
in July rainfall

Flood
Proneness

Low NIA

Sehore

High

Projected increase in
number of draught years

High NSA

Low groundwater
availability

Nalanda

High

Projected decrease
in July rainfall

High NSA

Low groundwater
availability

Umaria

High

Projected increase in
number of draught years

High NSA

Low NIA

Champaran
(East)

High

Projected decrease
in July rainfall

High NSA

Low NIA

Damoh

High

Projected increase in
number of draught years

High NSA

Low groundwater
availability

Panna

High

Projected rise in min T

High NSA

Champaran
(West)

High

Projected decrease
in July rainfall

High NSA

Low NIA

Low groundwater
availability

Satna

High

Projected rise in min T

High NSA

Samastipur

High

Projected decrease
in July rainfall

High NSA

Low groundwater
availability

Low groundwater
availability

Chhatarpur

High

Projected rise in min T

High NSA

Low groundwater
availability

Muzafarpur

High

Projected decrease
in July rainfall

High NSA

Low NIA

Datia

High

Projected rise in min T

High NSA

Low groundwater
availability

Vaishali

High

Projected decrease
in July rainfall

High NSA

Low NIA

Chhindawara

High

Projected increase in
number of draught years

High NSA

Low NIA
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3. Geospatial Application to Prepare Natural Resource/
Variability Map for SLACC
- N. S. R. Prasad, M. V. Ravibabu and Ravindra S. Gavali

Introduction
Geospatial technologies play a key role in generating timely and reliable information for planning and
decision-making at all levels. The use of GIS for a micro administrative unit for planning and
implementation was tested in many places at Panchayat level in India, where the knowledge base is
developed up to cadastral level (land parcel level) and the household socio-economic data are embedded
on this layer on a GIS platform, with all graphic features of house type and household linked, to enable
stakeholders take decisions in a dynamic mode. Even though it is widely recognised that the Geographic
Information System (GIS) has the capacity to analyse both the spatial and temporal data on a cost-effective
manner for effective planning and management, its application at the micro level for participatory planning
and management is limited. In this context, the proposed module on geospatial based vulnerability maps
is very essential for SLACC.
The vulnerability maps provide information that can lead to disaster impact reduction through safety and
environmentally conscious land use management. Local authorities and planners can use the information
to complement and improve their land use policies and practices, and consider the vulnerability of areas
such as climatic variables, coastal zones or locations with a high number of populated zones. These
vulnerability maps also give the precise location of sites where people, the natural environment or property
are at risk due to a potentially catastrophic event that could result in death, injury, pollution or other
destruction. Such maps are made in conjunction with information about different types of risks.
Vulnerability maps are most often created with the assistance of computer technology and spatial database
called geospatial technology (includes GIS, remote sensing and Global Positing System).

Need of the Module: Importance, Constraints
Geospatial maps are essential to understand the existing land use pattern before planning any natural
recourses management strategies. Geospatial tools (remote sensing, GIS and GPS) are provided better
visualisation and changes in the development sector it may be towards preparation of impact assessment
studies and vulnerability maps. Therefore, enabling geospatial tools in the SLACC will help policymakers
to take better decisions.
Constraints: Participant should have computer knowledge by profession and basic knowledge ot geospatial
technology

Module Content:
Process to Map Soil and Water Conservation Structures using CLART (mbTile file) in GeoODK
offline.
Step 1: Click on Play Store icon to download the GeoODK Collect in your Android tablet/mobile.

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)
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Step 2: In the Highlighted Text box type GeoODK. Then
Click on GeoODK Collect icon for installation.

Step 3: Click on the install button
to install GeoODK Application.

Step 4: Connect the android tablet/mobile to the computer using USB cable to transfer the mbTile.

Step 5: Search the offline folder in the GeoODK installed folder.
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Step 6: Create a new folder with a name of NIRD_Demo inside the offline folder

Step 7: Copy the NIRD_Demo.mbtile layer to the
NIRD_CLART folder

Step 8: click on the GeoODK collect icon
to open the GeoODK collect Application.

Step 9: Click on Select offline layer Button and Select NIRD_DEmo.
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Step 10: Build a new ODK Form to collect the proposed soil and water
conservation structures in the field using online ODK Build software.

Step 11: Change the Form name to proposed WHS and design the
following fields, i.e., Name_WHS, description, date_time, location and
photo using form design options in the ODK Build Application.

Step 12: Upload the form to the ODK Aggregate Server.
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Step 13: Click on the settings option in GeoODK Application.

Step 14: Click on Form Management and select the Proposed
WHS Form and click on get selected button.

Step 15: Click on Fill blank Form Button and select the Proposed WHS Form.

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)
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Step 16: Fill the format based on the background mbTile information and appropriate location in the
field. The location will be marked on the map for implementation.

Achievement due to technology
Geospatial tools will enable preparation of the variability maps such as soil, water, agriculture and climatic
variabilities for suitable or better identification of various impact assessments.
Further readings: References
E-copies of books (will be provided during workshop/training)
1. Handbook on QGIS Manual
2. Textbook of Remote Sensing and Geographical Information Systems
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4. Climate Change Adaptation Planning Tool
- Anish Chatterjee, Bhagavat Ahirwar and M.S. Umesh Babu

Introduction
Climate Change Adaptation Planning (CCAP) tool presents a participatory methodology that has been
designed to provide organisations with the tools to understand the interrelations between climate impacts
and livelihood strategies at the local level. The toolkit applies a multidimensional view of the vulnerability
of livelihood strategies to climate change, with a focus on different groups within a community (often
determined according to socio-economic class). It includes step-by-step instructions on how to implement
participatory tools that were adapted to answer the following questions: What are the main livelihoods of
the community? What are the community perceptions of their main climate risks to their livelihoods?
What are the typical responses of the community to the climate risks identified? What could be No-regret
/Low-regret responses, in terms of production, technological, financial and ecological aspects?

Step-wise Approach of CCAP Tool
The toolkit provides a detailed a step-by-step guidance for facilitators (CRPs/mission staff). They are
•

Part A: Providing detailed guidance on things to be done before field work or pre-field exercise.

•

Part B: Providing a step-by-step guidance for deriving the adaptation plan.

Human Resources Requirement
•

For pre-field work, two persons; the CRP of the village concerned and YP.

•

For the field work in one village, it is suggested that four (4) facilitators are required for conducting
CCAP in one village - One (1) supervisor, two (2) facilitators and one (1) mobiliser.

Roles and Responsibilities of Persons Involved in Conducting CCAP:
•

Role of Supervisor – To guide the discussion and ensure that all the steps are adequately conducted
(SEW, Cluster Coordinator or similar level personnel)

•

Role of Facilitators – They should assist in taking notes of discussions, logistical set-ups and marking
on the satellite image and the worksheets. (CRP/VRP of the village with another similar level personnel)

•

Role of mobiliser is to ensure active participation from maximum participants and also fixing local
issues among the participants (a popular/respected community member).

•

Role of YPs:
o To impart training to the staff on every aspect of CCAP.
o To ensure everything is being conducted within a mutually agreed timeline.
o To ensure the quality of reports of CCAP and receipt on time.
o To analyse the CCAP reports for his/her block
o To compile the reports at district level.
o To identify key issues arising from CCAPs and search for solutions through close ONE-to-ONE
interaction with local subject matter specialists (who may be from local research institutes,
government line department officials, local practitioners, etc.)
o To report back to the community on the solutions/no-regret/low-regret adaptation options as
suggested by subject matter specialists.
o To explore opportunities of convergence with ongoing government schemes, for activities/
interventions proposed in CCAPs.
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Description of Steps:
1. Part A: Pre-field Work Exercises
It consists of two steps: Step 1. Background information collection regarding the village, and Step 2:
Satellite imagery of the village.

Step 1: Background Information Collection Regarding the Village
1.1 Secondary information on demography (population - total, male, female, number of households), and
areas according to land use (total area, forest area, irrigated area, unirrigated area, cultivable waste, land
not suitable for cultivation) in the village, needs to be collected and apprised of by the facilitators.
Background information is readily available and can be collected from Panchayat office.
1.2 We need to categorise the participants based on landholdings. The main task of the facilitators would
be ensuring representation of all socio-economic sections during the planning process or field work days.
To ensure equal representation from all socio-economic sections of the community, the VRP needs to
inform and invite at least five members from each section for the field days.

Step 2: Satellite Imagery of the Village
How to do it:
The CRP needs to sit with the respective YPs and download from Google Earth the image (snapshot) of
the village. One-time image/snapshot of the present day of the village needs to be downloaded. Based on
the idea of the CRP/VRP, the image should capture a bit beyond the probable boundary of the village so
as to include the surrounding areas of the village.
Materials/services required:
You need to have internet connection, computer with Google Chrome.
Once the images/snapshots are downloaded, it needs to be printed on flex of size 6 feet by 6 feet, with
considerable margins left on all the four sides for writing (making entries) during field work.
CRPs will have to familiarise themselves with the satellite image in advance. It is important for CRPs to
have bearings on the map and to be able to facilitate an active discussion. You should be able to point out
major land cover features on the image. These could include agricultural land/area, forest area, grassland/
pasture, major infrastructures (places of worship, Panchayat building, schools, etc.) and water bodies
(ponds, rivers, streams, etc.).
Challenge:
This has to be done with the involvement of CRP and YP and requires internet connectivity. The orientation
of the CRPs by YPs requires considerable amount of time. Printings of the map in flex possess a considerable
challenge at the ground level.
Now we are ready for field work.
Preparation for Field Work: The CRP is responsible for arranging and organising the field exercise.
Points to remember for scheduling a field work:
•

Announce workshop dates in the village well in advance: The field work requires two consecutive
days. Make sure that the workshop has been promoted in advance and all people in the village and
important personalities (local leaders, Gram Panchayat representatives, etc.) are formally invited to
attend.
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•

Schedule activities: The duration of the sessions has to be sensitive to the daily work schedules of the
people. The tool is expected to take two days’ time. Hence, CRPs/VRPs should ensure the presence
and availability of the participants based on the villagers’ preference.

•

Arrange an appropriate venue: Make sure you have arranged an appropriate venue for the workshop,
which is easily accessible for all community members and regarded as a neutral space (e.g., in gender,
ethnic or religious terms).

PART B: FIELD WORK:
The field work is for two days. The different steps in two days are elaborated below, with lessons learned
from conducting them in 200 villages.
DAY 1:
The facilitator should begin by welcoming the participants and thanking them for devoting their time for
the workshop. The facilitator should explain the objective of the project (objective of the project is to
improve adaptive capacity of the rural poor engaged in farm-based livelihoods to cope with climate
variability and change) and the workshop (the workshop will enable communities to articulate their
experience of how their livelihoods are being impacted by climatic forces, encourage them to plan for and
undertake adaptive actions to build resilience and reduce their vulnerability). There needs to be a clear
explanation of what will be happening with the output of the workshop (the output of the workshop will
be a climate change adaptation plan developed by the villagers), possibly when (timeline), and who
(stakeholders - government, research institutes, etc.) are likely to be involved. Please inform them that
after the workshop, there would be some work required to be done by the organisers and you would get
back to them with detailed village level climate adaptation measures (with inputs from relevant government
departments and experts).

Step 3: Participatory Satellite Image Interpretation (90 mins)
3.1 WHAT: The participants interpret the satellite image and create information in map about resources
(i.e., natural, physical, on Jal (Water), Jangal (forest), Janwar (animal) and Jamin (land). The aim is to
create a basic understanding of the existing community resources.
3.2 HOW TO DO IT:
Introduce the activity (this mapping exercise is unique because we are using very detailed satellite images
to map your community – not just maps on the ground which you have probably done before).
Place/mount the satellite image/map on a wall in such a way that it is visible and accessible to the
participants.
Ask the group to look at the image/map and discuss what they see. Ask them to point out their village and
current location on the image. (To make it interesting/icebreaking, it can be initiated in a game approach.
The participants would be asked to identify their village and landmarks and announced by the facilitator
that whoever does it first, would get a gift, which may be a candy. Later on, candy may be distributed
among others too and also to the children present. It is important for the facilitators to have their bearings
on the map, to assist the participants (hence familiarisation of CRPs/VRPs beforehand – before the field
work, with the snapshot/image of the village, is extremely critical).
Identify the borders of the village.
Once the participants have their bearings on the satellite image/map, they shall now identify the landmarks
on the satellite image. The facilitator places a large piece of paper and pens/markers and asks the group to
draw the border of the village territory on the Flex map, as well as mark a main point of reference (usually
a prominent site, e.g., place of worship, community hall, primary health centre, etc.).
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Location of main characteristics:
Driving question: What are the main landmarks in your community? The first thing they do is to
mark/identify a boundary of their village. Then, they can easily identify the main landmarks: road, school,
religious buildings, etc. (This road is that particular road, this is the river, this is the school, this is the
Panchayat building, etc.). Be sure that the farmers include direction indicators on the map (North, South,
East, and West) and that the village borders are clearly marked. Through this, they get a feeling of the
scale. They can now picture their resources in their minds and place them.
RECOMMENDATIONS:
We need to allocate ONE-AND-A-HALF HOURS for this exercise.

Step 4: Village Resource Mapping (45 minutes)
4.1 WHAT: This activity may have the following driving question: What are the main resources for
livelihoods in this village? For guiding the exercise, the facilitators can lead by mentioning that the
resources may include: Jal, Jangal, Janwar and Jameen.
Water resources: Surface water sources for various purposes of drinking, irrigation or livestock.
Forest resources: Rough estimate of area, types of trees, and non-timber forest produce (NTFPs).
Animal Resources: Domesticated animals like cow, buffalo, goat, sheep, poultry, etc.
Land resources: Agricultural land – please ask them to identify uplands and lowlands, fertile lands,
irrigated lands.
4.2 How to do it:
Explain what should be represented on the map (forests, communal grazing land, settlements, water points,
roads, etc.).
This part of the activity may have the following driving question: What are the main resources for
livelihoods in this village?
The resources of Jal, Jangal, Janwar and Jameen, may be followed in this sequence.
The facilitator should use cards for marking on the map. Mark the agricultural lands which have access to
electricity.
The CRPs may guide through the following key questions:
1. Which resources are abundant?
2. Which resources are scarce?
3. Where do people go to collect water?
4. Where do people go to collect firewood/other non-timber forest produce (Honey, Lac (resin), Mahua
flower, Tendu leaves, etc.)?
5. Where do people go to graze livestock?
6. Where livelihoods activities are carried out?
Don’t interrupt the participants unless they stop identifying/marking on the map.
Once they stop, you can ask whether there is anything else of importance that they feel should be added
(It should be based on the above questions to guide/probe them further and check if all of the above are
marked/identified).
When the map is completed, facilitators should ask the participants to describe it. Ask questions about
anything that is unclear. It is recommended to note as much information as possible. Hence, it is
recommended that two facilitators per group are involved – one for enquiring and one for noting.
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The above exercise helped to map the village, with members of the community themselves marking on it.
The village resource mapping exercise will allow their engagement in a discussion about different natural
and physical resources of the community. It allows identifying the spots where the poorest and most
vulnerable people live, fertile/less fertile agricultural lands, flood/drought prone areas, grazing land, forest
area, etc. The Village Resource Map is a tool that helps us to learn about a community and its resource
base. The primary concern is not to develop accurate information but to get useful information about
local perceptions of resources. The participants should develop the content of the map according to what
is important to them for their livelihoods.
4.3 CHALLENGES:
One of the challenges is identification of resources from all across the village. Participants from a particular
hamlet are unable to identify resources available in another hamlet. Hence, the key is to ensure participation
of representatives from all hamlets (or from all geographical locations in the village). This requires rigorous
background work namely, announcement of workshop dates in the village well in advance and inviting/
informing all local leaders, Gram Panchayat representatives and representatives from all hamlets.
SLACC project works with only women representatives. Due to the prevalent socio-cultural customs, it is
challenging for women groups to identify resources existing in remote areas of their own village. Hence,
it is suggested to ensure participation of male participants.
4.4 RECOMMENDATIONS:
During the field exercise, it was observed that Steps 3 and 4 are overlapping and at times community was
losing interest. Hence, it is recommended that STEP 4 (Village Resource Mapping) should be done
along with STEP 3 or Participatory satellite image interpretation.
4.5 Materials required
•

Satellite map of the village printed on Flex of size 6 feet by 6 feet.

•

Coloured Markers (At least 4 – Red, Green, Blue, Black, with light coloured (yellow) markers and
a white marker for erasing).

•

Double-sided tapes

•

Board pins

•

Cards (any shape)

•

In some already written matter on possible village resources (this needs to be done as pre-field exercise
by the facilitators – Pond 1, Pond 2, Temple, Tubewell 1, Tube well 2, School (Primary), School
(Secondary), School (private), canal, forest 1, forest 2 forest 3, grazing land 1, agricultural land 1,
agricultural land 2, etc.) on them and,

•

Few blank cards

•

Pens and notebooks

Step 5: Seasonal Livelihoods Calendar Development (45 minutes)
5.1 WHAT : Identify the different livelihoods, throughout the year, as per the following table.
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Table 1: Seasonal Livelihood Calendar: (a table, in Hindi with Hindi months is provided in a separate
document which was printed before doing the field exercise).
Activities

Jan

Feb

Mar Apr

May June

July Aug

Sept

Oct

Nov

Dec

Kharif 1
Kharif 2
Rabi 1
Rabi 2
Zaid 1
Zaid 2
Animal Husbandry 1
Animal Husbandry 2
NTFPs
Orchards
Vegetables
Labour
Migration
Frost
Hailstorm
Other 1
Other 2
Other 3
Expenditure
Income
Loans

This dimension comprises various livelihood activities that the people undertake. It is particularly important
to understand the most significant activities for livelihoods, throughout the year, for that particular group.
These can be directly related to the production of food crops, cash crops, and other income generating
activities which are vital for livelihoods of that section of the community, throughout the year.
5.2 HOW TO DO IT:
Identify the starting month for the most major crop grown in the village. It could be crop for Rabi or
Kharif. Start noting in the above table what livelihoods activity/activities they perform for that major
(most important) crop, with the month they start preparation for sowing. Then continue noting the activities
in the following months, until harvest of that major (most important) crop. Then ask questions regarding
livelihoods activity/activities in the following months. Thus, complete the cycle of 12 months in the
table. Please ask them about their livelihood strategies in each month. Keep noting on the flip chart under
different months.
Thus, we develop the first row of TABLE 1 above. This table is the basis of all our future exercises with
the villagers.
We then record the months of income and expenditure, not the amounts but only enquire them the months
in which they earn/expend and their level of earning/expenditure.
It would be logical to start with enquiring the months of expenditure. Ask expenditure in each month
based on the inputs/efforts/investments required for carrying out the livelihood strategies mentioned in
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the row of livelihoods. In this way, complete the cycle of 12 months in the above table, in the row of
Expenditure.
Then ask them when onwards they started getting income. Start noting in the row of income, month-wise.
[We make three categories of Income/Expenditure: Low, Medium and High, which may be represented by
one circle for Low Income/Expenditure, two circles for Medium Income/Expenditure and three circles
for High Income/Expenditure. If there are months of no income/expenditure, just leave them blank.]
Please re-visit the months with low and no-income and again enquire if they resort to alternate livelihoods
in those months (even if they are non-farm livelihoods like daily casual labour, migration, etc.) and
enquire if they resort to taking loans during these months. Please note the months where the group members
are prone to taking loans (formal and informal both).
Expected Results:
•

At the end of the exercise, we get to know the year-long livelihood activities of the section of the
community.

•

We document the months with different levels of incomes and expenditures.

•

We find out the months of NO income.

•

We get to know the months when they are forced/prone to taking loans.

•

Please note that this table will be used by the YPs while developing the sub-activities for each
livelihoods in the last step and in planning for the lean months where there is no/low income.

Step 6: Identifying Climate Risks/Vulnerability (30 minutes)
6.1 WHAT: Identification of all Climate Risks in the village.
6.2 HOW TO DO IT: Inform the people that based on the natural resources and climate risks prevail in
the area, we are going to prepare a plan for building their resilience to their livelihoods against climate
change. To get them oriented towards weather and climate, start asking about the present weather conditions
and request them to think about all possible climate risks that they face at the local level during the last
year (12 months cycle).
The facilitator must have the Table 2 prepared before the exercise in the following format and he/she
steers the community discussion on Table 2.
Table 2: Climate Risks in the village:
S. Climate Risks
No.

1.

Normal onset of monsoon and early
withdrawal

2.

Normal onset of monsoon and late
withdrawal

3.

Late onset of monsoon and early
withdrawal

4.

Late onset of monsoon and late withdrawal

Tick those
which occur in
your village in
the recent past
(5 -10 years)
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Frequency of
occurrence
High 3/
Medium 2/
low 1

Damage caused Ranking
by the event
High 3/
Medium 2/
low 1
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S. Climate Risks
No.

5.

Long dry spells within the monsoon period

6.

High humidity

7.

High intensity of rainfall

8.

Storms

9.

Hailstorms

10.

Frost conditions

11.

Foggy conditions

12.

Untimely Rain

13.

High temperature

Tick those
which occur in
your village in
the recent past
(5 -10 years)

Frequency of
occurrence
High 3/
Medium 2/
low 1

Damage caused Ranking
by the event
High 3/
Medium 2/
low 1

14.
15.

6.3 Challenges: In this exercise, we identify all the climate risks/vulnerabilities to livelihoods faced by
the villagers and rank them. Certain issues realted to ranking had emerged during this exercise. The
frequency and impact were provided three categories and requested to be marked 1, 2 and 3 for each. To
make it simple, the rankings with the highest frequency and highest impact event were provided a rank of
3 each. Thus, the most frequent and most damaging event gets a maximum of 6. As these rankings were
based on people’s perceptions, often more than one climate risk/event was perceived to be both very
frequent and very much damaging and getting 6.
6.4 Recommendation: To overcome the challenge, we ranked each climate risk with similar frequency
and impact as 1 A and 1 B and 1 C, where 1 is highest vulnerable with A, B and C to depict they should be
considered equally.

Step 7: Transect Walk (1 hour)
7.1 WHAT: To walk through the village in order to validate and also to check if the villagers have missed
out to mention any resource of importance to their livelihoods.
7.2 HOW TO DO IT:
Once village resource mapping exercise is complete, divide the group into three-four smaller groups for
transect walk. The groups should cover northern, southern, eastern and western areas of the village from
the central point of the village. It is ideal to hold the meeting in a common place which is located centrally,
but often that might not be the actual case. In that case, ask the community to assemble at the central
location and disperse into four groups to four directions. (Please ensure that each group must have one
person with a smart phone, the reason being the need to geotag and take photos of some important
resources).
Before each group disperses, they should be informed of the time when each group needs to re-convene at
the venue of the workshop.
At the beginning of the transect walk, ask the participants to show the most important sites, where they
work, where they grow food, etc.. It is very important that the participants decide the route to walk in
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order to understand the area from their perspective. Throughout the walk, keep them engaged by asking
questions to understand the main resources of the locality, different livelihood strategies, visible climate
impacts and local food production. These may include:
•

Infrastructure (e.g., Is there electricity?, If so up to which field does electricity reaches? – please note
the name of the owner and after getting back please mark on the map )

•

Water sources (ponds, dug wells, bore wells, rivers, canals)

•

Useful plants (e.g., herbs used for health purposes, edible plants)

•

Type of trees

•

Location of productive activities (e.g., agriculture and livestock)

•

Human settlements

•

Types of soil

•

Types of vegetation

•

Plots and types of crops

•

Grazing land

•

Forest land

•

Visible problems that may affect food security, such as pests, flood and drought-prone areas

•

Services (water, electricity)

•

Detect possible damage to infrastructure (check dams, small dams, earthen bunds, earthen nalas –
canals, etc.) caused by climate impacts

Please note that it is important to geotag and take photographs of important infrastructures and resources.
The purpose of the transect walk is to validate what the community has mentioned in the village resource
mapping exercise. At the same time, it is good to develop rapport with the groups through various inquisitive
questions all along the transect walk.
Examples of questions to ask:
•

How many people live here?

•

What is the average household size?

•

Where do you grow crops?

•

What are the major food crops?

•

What are the cash crops?

•

What fodder crops are grown?

•

What grows best?

•

Which areas are fertile?

•

Which areas are upland and lowland?

•

Which are the flood and drought-prone areas?

•

What do you do during bad times (flood and drought and other climate events)?

•

Is the produce sufficient enough for selling after self–consumption?

•

Where do you get your drinking water from?

•

How is the quality?

•

Do the authorities perform any water quality tests in the water sources of the village ?

•

What types of livestock are there in the village?

Due to the nature of exercise, it is difficult to take extensive notes throughout the walk. It is thus crucial
to take sometime after the walk to collect all the relevant information.
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7.3 Expected Results
•

Location of natural resources and ecosystem services that are the most relevant for livelihoods of the
community

•

Location of the areas of most important/relevance to the community.

•

Identification of the most vulnerable areas (hotspots), particularly areas that could be/are most affected
by climate impacts.

•

Documentation of the community’s infrastructure.

•

Documentation of the visible consequences of past climate impacts on natural resources, livelihood
strategies.

•

Results should help feed into the village resource mapping exercise and discussions for the following
sessions.

7.4 Challenge:
1. As this exercise is for the villagers with their participation in their own village, it is obvious they are
well versed with the resources in the village. Further, it becomes a repetitive exercise of the previous
village resource mapping exercise.
2. Once dispersed, it becomes a challenge to re-gather them.
7.5 Recommendation:
1. If we can ensure that representatives from all parts of the village are present during the field exercise,
this step may be skipped.
2. To overcome the challenge, this exercise has to be made during the last session of Day 1 of the CCAP
exercise so that we do not need to re-group the same day.
END OF DAY 1
DAY 2:

Step 8: Ranking of Livelihoods Based on Perception of the Participants (30 minutes)
8.1 WHAT:
To rank the livelihoods based on people’s perception. This will provide an idea of livelihoods that are
important to each section of the community.
8.2 HOW TO DO IT:
In a table of two columns, we list out livelihood options (noting all the livelihoods identified in Step 5, in
the same sequence) in the first column). In the next column with heading ‘Ranking Based on Perception
of the Participants’, we note the rankings. This can be done by brainstorming and reaching a consensus
amongst the participants on which livelihood is most important to them.
Please take the two most important crops for each season. (Kharif 1 and Kharif 2, Rabi 1 and Rabi 2,
etc.).
Please DO NOT provide any clue/hint to the participants on the basis of their ranking. It needs to be
completely on the basis of what they feel important.
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Table 3 : Ranking based on perception of the community
S. No.

Livelihood Options

Ranking based on perception of participants

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Kharif crop 1: Rice, Swarna Sub 1.
Kharif crop 2
Rabi crop 1
Rabi crop 2
Summer/Zaid crop 1
Summer/ Zaid crop 2
Forest Produce 1
Forest Produce 2
Big livestock (cow, buffalo)
Small livestock (goat, sheep)
Poultry
Fishery
Other 1
Other 2

1
2

8.3 Challenge: Community enquires into the basis of this ranking and the facilitators purposely do not
provide any clue/hint on the basis, as the exercise is meant to capture the perception of the community.
8.4 Recommendation: Let the community members facilitate this discussion.

STEP 9: Ranking of Livelihoods Based on Net Profit (1 hour)
9.1 WHAT: We rank the livelihoods based on net profit per unit basis. An income expenditure estimate is
calculated for each livelihood. Higher the net profit, higher the ranking. Thus, the livelihood with highest
net profit gets the Rank 1.
9.2 How to do it: Brainstorm with the participants on the expenditure that they have to incur for performing
that particular livelihood strategy. Then, calculate the income they derive from a particular livelihood
strategy. Note the livelihoods in the same sequence as in the Table 4.
Table 4 : Ranking based on net profit from livelihoods
S. No.

Livelihood Options

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Kharif crop 1: Rice, Swarna Sub 1.
Kharif crop 2
Kharif crop 3
Rabi crop 1
Rabi crop 2
Rabi crop 3.
Summer/Zaid crop 1
Summer/ Zaid crop 2
Forest Produce 1
Forest Produce 2
Big livestock (cow, buffalo)
Small livestock (goat, sheep)
Poultry
Fishery
Other 1
Other 2

Expenditure
(per unit,
kg/acre)
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Income
(per unit,
kg/acre)

Net Profit
(Rs)

Ranking
based on
Net Profit
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9.3 Challenge:
1. Calculation of net profit through group discussions requires a lot of time.
2. Only women members are involved in SLACC project. Often, it was found that they are unaware of
the income expenditure estimates.
9.4 Recommendations:
1. We recommend interacting with a few members at the end of day one separately, for each livelihood,
to calculate the net profit. During the next day’s’ field work, we need to validate the calculations.
2. We recommend participation of male members during the field work days.
3. After this exercise, discuss with the participants the two rankings, first one based on their perception
of importance and second one based on the net profit that each livelihood provides to them.
Guidance Note for facilitators for calculating Incomes and Expenditures:
A farm household earns its incomes from various sources.
Income from cultivation can be calculated by estimating the income earned from cultivation of various
crops. These could be seasonal crops or annual crops. Also, some of these will be food crops, a part of
which could be used for own consumption of the household. Cultivation might yield some by-products
which could be sold. The total value from cultivation is the sum of value from sale of primary
products (food crops and cash crops) and sale of by-products. Thus, estimating the total produce (in
kg) and multiplying it with the existing market price provides the total income (for both primary produce,
that is the crop and by-products, if any, like husk, seeds, etc.).
Income from livestock – This is the income earned from sale of various products like milk, eggs and live
animals. Total value from this income source is calculated as the total value of milk, eggs, live animals,
wool, fish, honey, hides, bones, manure, etc. This data could be collected for a period of 30 days before
the day of field visit. We multiply this by 12 to get the total annual income/expenditure from
livestock or we can also facilitate the calculation for a year.
Expenditure Estimates
Expenditure for cultivation : The costs incurred in cultivation includes a variety of things like seed
costs, fertiliser costs, manure costs, pesticide costs, costs of irrigation, cost incurred in hiring
machinery, minor repairs, hired labour, animal labour, etc. This data should be collected crop- wise,
covering the whole year.
Expenditure from livestock: The costs incurred will include cost of animal ‘seeds’, animal feeds,
veterinary charges, lease rent, labour charges (if any, for maintenance of animals and taking them out for
grazing) and other expenses.
This data should be collected for a period of 30 days before the day of field visit. Multiply this by 12 to
get the total annual income/expenditure from livestock. However, you may facilitate calculating on per
year basis.
Facilitators may be guided through the following table for calculating the exact income and expenditure
of different livelihoods.
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Table 4 : Expected Income
A

AGRICULTURE (MAJOR CROPS)

A. 1

EXPENDITURE – AGRICULTURE
Items for expenditure

Crop 1

Crop 2

Crop 3

Cow

Buffalo Sheep

Crop 4

Crop 5

Crop 6

Seed
Fertiliser
Manure
Pesticide
Irrigation
Hiring machinery
Minor repairs
Hired labour
Animal labour
Other
Total expenditure (Rs.)
A. 2

INCOME – AGRICULTURE
Yield (kg/acre)
Selling price per kg
Total Income (Rs.) per year

A.NF

Net Profit
(total income - total expenditure)

B

LIVESTOCK

B. 1

EXPENDITURE – LIVESTOCK
Items for expenditure
Animal ‘seed’
Feed/fodder
Medicine/vaccination
Labour charges
Other 1
Other 2

Goat

Total expenditure (Rs.)
B. 2

INCOME – LIVESTOCK

B.2.A Income from milk
Milk production (l/unit) per year
Milk Selling price (Rs./l)
Income from Milk (Rs)
B.2.B Income from live animals
No. of animals normally sold per year
Selling price per unit animal (Rs.)
Income from sale of live animals
B.2.C Income from other means (such as wool)
Per unit selling price (Rs.)
Income from wool (Rs)
Total income from all above
B.NF

Net Profit

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)

31

Crop 7

C

POULTRY AND DUCKERY

C. 1

EXPENDITURE - POULTRY AND DUCKERY
Items for expenditure

Poul
try

Duck
ery

Chicks
Feed
Medicine/vaccination
Labour charges
Electricity charges
Other 1
Other 2
Total expenditure (Rs.)
C. 2

INCOME – POULTRY/DUCKERY

C.2.a

*Income from eggs
Egg production (no./unit bird/year)
Selling price (per dozen of egg )
Income from eggs per year

C.2.B Income - meat purpose
No. of bird being sold per year
Selling price per unit bird (Rs.)
Income from meat
Total income (Egg + Meat)
C.NF

Net profit

D

FISHERY

D. 1

EXPENDITURE - FISHERY
Items for expenditure
Fingerlings/Fishlings
Feed
Pond preparation
Maintenance/guard
Other 1
Other 2
Total Expenditure

D. 2

INCOME – FISHERY
Average quantity (in kg) of fish being
harvested/sold per year
Selling price per kg of fish (Rs.)
Total income

D.NF

Net profit
TOTAL NET PROFIT
(A.NF + B.NF + C.NF + D. NF)

32

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)

STEP 10: Ranking of Livelihoods Based on Climate Risks
10.1 WHAT: We rank the livelihoods based on the climate risks they face.
10.2 HOW TO DO IT:
We note down the livelihoods in the same sequence as in the previous table. Through discussion with the
community, we note the different climate risks each livelihood is exposed to. In the next column, add the
number of climate risks for each livelihood. In the last column, put the rankings. For deriving this, we
count the number of climate risks posing threat to a particular livelihood and noting that in the respective
column. Thus, make entries for each livelihood by noting the number of climate risks affecting it.
Table 6 : Climate Change Adaptation Plan Matrix
Capacity to adapt to these climate risks
S.
No.

Livelihoods

Climate
risks

No
preparedness

Some
prepared

All
prepared

In case of some all
preparednessplease note what the
preparedness is.
In case of no preparedness
– please propose measures.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Based on the numbers received by a particular livelihood, we rank the livelihoods. PLEASE NOTE:
THE LIVELIHOOD WITH HIGHEST NUMBER OF CLIMATE RISKS GETS LOWEST
RANKING. For example: Let us say Kharif Crop 1 is vulnerable to 5 climate risks (1, 2, 3, 4 & 7), Kharif
Crop 2 is vulnerable to 7 climate risks and Kharif Crop 3 is vulnerable to 4 climate risks, then Kharif
Crop 2 gets LOWEST ranking of 3 (vulnerable to highest, 7, climate risks), Kharif Crop 1 gets Ranking
2 (vulnerable to 5 climate risks) and Kharif Crop 3 gets ranking 1 (vulnerable to 4 climate risks). Kharif
Crop 3 gets 1st rank, as LEAST risky to climatic conditions and should be preferred.
Table 7 : Ranking of livelihoods based on climate risks
S. No.

Livelihood Options

Climate Risks

Total Numbers
of Climate Risks

Ranking based
on Climate Risks

1.

Kharif crop 1:
Rice, Swarna Sub 1.

1, 2, 3, 4, 7

5

2

2.

Kharif crop 2

1, 2, 3, 4, 7, 9, 10

7

3

3.

Kharif crop 3

2, 3, 4, 10

4

1

4.

Rabi crop 1

5.

Rabi crop 2
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10.3 Challenges: Field/pilot testing in 200 villages revealed that this exercise was becoming a bit too
complex to comprehend for the community as well as for users who use the CCAP reports. It was
challenging to recollect which climate risks correspond to what number in the earlier table. One has to
open the table with climate risks at every stage of discussion, not only in this step but also in the next and
final steps of CCAP.
10.4 Recommendation: Hence, it is suggested to write the climate risks in this table against each livelihood.
The modified table with the types of climate risks noted will be easier for reference during the planning
as well as for future purposes.

STEP 11: Climate Change Adaptation Plan Matrix Development
11.1 WHAT: In this final step, we note the coping mechanisms and plan no-regret/low–regret adaptation
measures against each climate risk for each livelihood.
11.2 HOW TO DO IT: We list the most vulnerable livelihoods on the first left hand column, in the same
sequence as in the previous table. In the second column, we list all the climate risks (write the climate
risks not serial numbers) that make the livelihood activity vulnerable. Further, we ask the participants
about their response measure to cope with the particular climate risk (this gives us the present coping
mechanism). To check whether that particular coping mechanism can be still applicable and useful, we
brainstorm with a couple of indicative questions. The guiding question should be if that particular weather
condition again arrives next season, do you think your present response would be effective, whether you
would depend upon/apply the same response or do you think the response will not be effective. We follow
this question by enquiring how many or what percentage of population among the community (three
categories – Green – majority, Blue - some, Red – very few or none) is applying/adopting this measure.
(One facilitator asks the questions and another takes note and marks in one of the columns (either Green
or Blue or Red).
Then, we ask if they could think of any better response mechanisms which could be effective, if such a
weather condition arrives in future. Brainstorm with the participants on the four quadrants of SLACC
project (Production, Technology and Knowledge, Financial and Ecological). The facilitator should
brainstorm with the participants on what could be possible No-regret/Low-regret measures that they can
think of with respect to 1. Production system – What all measures they could think of, would be good
enough to maintain the production at the present level, despite being faced with the climate risk? 2. What
technological improvement measures they can think of so that they can overcome the climate risk?
3. What knowledge and information systems they feel are important for them to tackle the said climate
risk? 4. What financial instruments (not only formal loans and access to them, but introduce the idea of
weather based index insurance system) they can think of to be beneficial for them to develop their resilience
against the said climate risk? 5. What measures could be adopted that are beneficial to ecosystem (soil,
land and water)?. We conclude our field exercise here. What we have is a list of coping mechanisms and
No-regret/Low-regret measures against each climate risks faced by each livelihood.
11.3 Challenges: Identifying coping mechanisms and determining No-regret/Low-regret adaptation
measures, is a real challenge for the villagers. Most often, they spell out their wishlist of interventions
which they feel essential to cope with climate-related hazards. For example, for water shortage, they
mostly sought provision of irrigation facilities.
In several instances, it seems villagers are unaware of any improved technologies. For example, in case
of flooding and loss due to flooding, villagers are perhaps unaware of water tolerant varieties or insurance
aspects.
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11.4 Recommendations: This step is the key last step in the field exercise which throws up several
problems, identifies some solutions and provides opportunity to plan for future and hence a must.
It is felt that the facilitators need to gather the outputs (coping mechanisms and adaptation options) from
the community through a detailed discussion mode rather than a question-answer mode.
It is also felt that the facilitators need to be oriented much more prior to the field exercise for each step of
CCAP.
The YPs should be orienting the facilitators as it is not possible for YPs to be present in every village.
END OF DAY 2
REPORTING:
WHAT: Document the outputs of two days’ discussion with the community.
HOW TO DO IT:
Challenges: A simplified table which documents each livelihood (Cl -1), climate risks to them (Cl -2)
and adaptation measures for them (Cl -3) as mentioned by the villagers, may be used as a final report for
each village.
Table 8 : Reporting Matrix (to be made village-wise in xls).
SHEOPUR BLOCK – SHEOPUR DISTRICT – MADHYA PRADESH
Crops
Cl-1

Bajra,
Urad,
Sesame

PADDY

Climate Risks
Cl -2

Adaptation Options
Cl -3

Delayed Rainfall

Short duration, Ridge-furrow sowing,

Early Withdrawal

Irrigation, Solar pumps,
Surface & Groundwater recharge.

Long Dry Spell
after onset

Irrigation, Solar pumps, Surface &
Groundwater recharge.

Pest

Seed Treatment, IPM, Crop Insurance,
Organic Practices

Disease

Disease Resistant Variety,
Organic Management

Delayed Rainfall

Short duration, DSR, Line Sowing

Early Withdrawal

Irrigation, Solar pumps, Surface &
Groundwater recharge

Long Dry Spell
after onset

Irrigation, Solar pumps, Surface &
Groundwater recharge

Pest

Seed Treatment, IPM, Crop Insurance,
Organic Practices

Disease

Disease Resistant Variety,
Organic practices
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Specific
Measures
(Cl -4)

Diversification/
Alternatives
(Cl -5)

Introduce
Millets
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Soyabean

WHEAT,
GRAM,
MUSTARD

COW/
BUFFALO

POULTRY

FOREST
PRODUCE

Delayed Rainfall

Short duration, Line Sowing

Early Withdrawal

Irrigation, Solar pumps, Surface &
Groundwater recharge.

Long Dry Spell
after onset

Irrigation, Solar pumps, Surface &
Groundwater recharge.

Pest

Seed Treatment, IPM, Crop Insurance,
Organic Practices

Disease

Disease Resistant Variety,
Organic practices

Hailstorm

Timely sowing, underground crops
as alternatives/substitutes

Untimely Rainfall

Ginger in upland, Inter-cropping,
Crop Insurance

Pest Attack

Seed Treatment, IPM, Crop Insurance,
Organic Pest management

Hailstorm

Improved Cattle sheds, training on
animal management,

Heat wave

Improved Cattle sheds,

Disease

Veterinary clinic, Vaccination,
Pashu Mitra, Improved breed,
Cattle insurance

Hailstorm

Poultry shed, Insurance

Disease

Vaccination, Insurance

Untimely Rainfall
Frost

Recommendation for Reporting: This simple format in Excel may be used for capturing the main output,
that is, the major livelihoods, climate risk faced by them and adaptation options against each climate risk
for each livelihood.
For deriving the Cl 4 and Cl 5 of the above table, State level consultations were held. Block-wise
analysis of CCAP throws a detailed light on major crops and livelihoods in each block. All the climate
risks faced by different crops/livelihoods, present coping mechanisms and proposed adaptation measures
which might help the villagers to minimise adverse effects of these climate risks on crops and livelihoods.
To enrich these proposed adaptation measures, which have been proposed by villagers, State level
workshops, with the participation of State government officials, local and national/international level
researchers, local practitioners and NGOs were held. The purpose of the workshop was to generate
appropriate specific adaptation measures, against each of the climate risk faced by the villagers for their
livelihoods. Based on the inputs from the workshop, the village level climate change adaptation plans
would be enriched.
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Lessons Learned and Recommendations: Though the workshops were extremely beneficial to the
participants and an entry point has been made with the local research institutes, it is recommended that
one-to-one sessions may be held on a regular basis (at least six times a year – twice during each cropping
seasons) with subject matter specialists. One-to-one interaction is assumed to be more effective, as a lot
of effort, time and resources are spend on logistics and protocol formalities in organising such big events.
Reporting Back to the Community: The SRLMs need to report back to the community with these plans.
It is important to inform them that these plans have been developed on the basis of their inputs during the
workshop (field work) and consultations with experts from relevant government departments.
Conclusion: Based on the experience of conducting CCAPs in 200 villages, it may be concluded that:
1. During pre-field exercise, we need to ensure participation of:
a. Representatives from all hamlets of a village.
b. Male members.
2. The steps of satellite imagery interpretation and village resource mapping may be clubbed as they
become repetitive.
3. If we can ensure the participation of representatives from all parts of the village during the field
exercise, the transect walk step may be skipped.
4. CCAP exercise may be carried out with a single group of villagers, instead of dividing them into subgroups based on their landholdings, the reasons being:
a. Initial inhibition among villagers
b. The CCAP report’s failure to reveal substantial difference in income–expenditures, among different
landholding categories.
5. A simplified reporting matrix may be used.
6. One-to-one sessions with subject matter experts may be held on regular basis (at least six times a year
– twice during each cropping season).
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5. Zero Tillage Practices for Higher Productivity under
Changing Climatic Scenario
- Ratnesh Jha, Anil Verma and R.S. Prasad

Introduction
The rice-wheat cropping system is the most prevalent cropping system of the Indo-Gangetic plains, but
continuous rice-wheat cropping system has led to deterioration of soil quality, receding groundwater
table, declination in productivity as well as environmental problems. In the changing climatic scenario,
the overall productivity of this cropping system has become vulnerable to erratic monsoon rainfall during
rice growing season. At the same time, the following wheat crop faces high temperature stress, often
called as terminal heat, during flowering to maturity. The so-called terminal heat stress is a serious climatic
constraint for successful wheat cultivation during grain filling stage (Chatrath et al., 2007; Sandhu et al.,
2016).

Why to go for Zero Tillage? Background Knowledge
For having maximum potential yield of the rice-wheat cropping system, it will be essential to know the
sowing window of both these crops. Rice sowing and transplanting are generally delayed due to late onset
of monsoon. The farmers generally sow the long duration rice varieties (of 145-150 days duration) in
Rohini Nakshatra (25th May to 6th June), medium duration paddy (of 135 to 145 days duration) in Mrigshira
Nakshtra (from 7th June to 21st June) and short duration paddy varieties (of 100-110 days duration) in
Ardra Nakshtra (from 22nd June to 5th July). Now, the farmers sow the seeds in the nursery as per the
schedule, but transplant when rainwater will be available through monsoon. In that case, the age of the
seedlings sometimes crosses 40-50 days, especially when the monsoon is delayed. This reduces the yield
of rice tremendously as some of the short duration and medium duration varieties lose their tillering
capacity. At the same time, long duration paddy varieties and late transplanting of paddy induce late
sowing of wheat, making it more vulnerable to the terminal heat. Research has shown that there is a
decrease of approximately 50 kg of wheat yield per day per ha under late sown condition. So, the smart
way of having better yield of wheat is to sow the crop in time by any means. It is advisable to take short
duration rice varieties of 100 - 110 days duration. Timely transplantion of rice would allow its harvesting
in optimum time around 15th October with turn-around time of minimum 15 days to ensure safe window
for field preparation and sowing of early wheat crop. If wheat is planted earlier around 10th November, it
is very likely that it will be harvested between 20th to 25th March, which will escape terminal heat.
But most of the time, wheat sowing is
delayed because of heavy moisture in the
field due to waterlogging and no moisture
in the field due to failure of Hathia rains
or lower water retention in the soil.
Now, if the soil has normal moisture,
farmers have several options for different
crops and crop-establishment methods
but, if the soil is wet, the farmer has to
wait for few more days to make the soil
ploughable. This will compel the farmer
to go for late sowing of wheat. At the
Fig. 1 : Zero tillage demo farm
same time, if the soil has no moisture,
farmers will give pre-sowing irrigation.
This will again delay the sowing of wheat, apart from increasing the cost of cultivation.
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Soil puddling for transplanting of rice reduces the percolation loss of water, but has some ill-effects on
the soil structure.
Also, regular use of heavy machines for tillage operations causes mechanical compaction and further
deterioration in soil structure leading to delay in sowing, germination and finally crop yield.
The subsurface hard pan formed by puddling increases submergence of water and helps rice crop, but it is
harmful for the succeeding arable crops.
Rice cultivation in continuous ponded water increases the release of Greenhouse Gases (GHG) like methane,
nitrous oxide and carbon dioxide, thereby adding more to global warming.
It is a general convention in the farming community that rice crop will be better if the land is thoroughly
ploughed and then puddled before transplanting and the following wheat crop will be better when the
land is deep ploughed either through
Mould Board (MB) plough followed by
9-tyne cultivator or through the rotavator.
The general practice of sowing the seed
is broadcasting on such thoroughly
cultivated uneven lands and then planked
to make of a uniform level. Small bunds
are also created after sowing and planking
for irrigation purpose.

Fig. 2 : Global warming potential in various CA
technologies in RWCS

Since this practice is followed by the
farmers with their rich experiences, we
are not questioning this, but after noting
the climate change scenario in the recent
past, we shall have to think over again.

Need of the Module: Importance, Constraints
The module will help to develop a clear concept about how tillage can reduce or aggravate the release of
GHGs and how it can be used for enhancing the productivity of crop with soil resilience and sustainable
production with clean environment.
Tillage is the practice of modifying the state of soil in order to provide conditions favorable for plant
growth. It is the mechanical manipulation of soil with certain implement or tools to provide a suitable
environment for seed germination, root growth, weed management and moisture conservation.
As we know, in the conventional system of tillage, the entire top soil is mixed or inverted through
mechanical means and all plant residues are removed to make a good seed bed with weed-free environment.
But in doing so, we create some problems to the soil and environment.
•

When the soil is thoroughly ploughed, the chemical activities and the biological activities in the soil
are increased, finally leading to loss in the nutrient content of the soil and soil organic matter.

•

The weeds germinate when there is aeration, sufficient moisture and when the weed seeds come in
contact with the soil. So, when the soil is ploughed more, there are chances for more weeds in the
field. No tillage or zero tillage plots have lesser weed infestation.

•

The thoroughly ploughed fields have more mechanical operations. More traffic on the soil and more
load of heavy farm implements make the soil more compact. So, root penetration in the soil is decreased
and the crop is more prone to lodging, even under gentle wind blow.
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•

Due to heavy ploughing of the soil and puddling before rice transplanting, small soil particles pack
the large pore spaces, thereby decreasing the infiltration rate. So, the groundwater recharge is lesser
and one can notice a decrease in the water level round the last few decades.

•

At the same time, due to decreased infiltration rate, there will be waterlogging in such soils even
under low rainfall condition. Ultimately, it will be deteriorating the soil health.

•

If the water infiltration is chocked, the soluble salts will be deposited, resulting in salinity/alkalinity
problems.

•

If water is not percolating below impervious clay layer or plough layer, water may lead to run-off,
influencing soil erosion.

•

The total annual rainfall and the total number of rainy days are decreasing year after year due to
seasonal variation in the rainfall pattern. Erratic distributions of rainfall followed by mid-season
droughts have become a common feature today. Early withdrawal of monsoon and failure of October
rains (Hathia rains) leading to crop more vulnerability to drought. In such situations, farmers are
adopting laser land leveling and bunding to obtain profitable yield returns by increasing water holding
capacity in such soils. Hence, it is recommended that under conventional tillage system, laser land
leveling and formation of bunds during final land preparation will reduce the constraints in managing
weeds and water.

•

It is recommended to go for light irrigation in wheat after 21 days of sowing, during Crown Root
Initiation (CRI) stage. But, since farmers do not have the equipment to go for light irrigation during
CRI stage, they prefer flood irrigation. During CRI stage of wheat crop, the height of the plant and the
root systems are not profusely developed, hence roots suffocate for want of aeration. Lack of aeration
at root zone will result in pale yellow colour leaves before the plant dries out. As per recommendations,
top dressing of urea after flood irrigation will aggravate the problem. Farmers generally complain
about spurious seeds and spurious fertilisers, but the reason for decaying and dying is due to aeration
problems. Laser leveled land will facilitate uniform distribution of water across the field, even with
minimum irrigation.

•

Similarly rice crop, lack of leveling and proper bunding will demand more water to irrigate. Besides
this, leveling and bunding will reduce rainwater run-off and soil and nutrient erosion.

•

Suppressing the weeds through chemical herbicides will increase the cost of cultivation, environmental
hazards and global warming.

•

In conventional tillage, the seeds are broadcasted after land preparation and then the seeds are covered
with soil by passing the tractor-driven wooden plank. In this process, the seeds are not placed at
uniform depth, which results in delay in germination process, failing in maintaining optimum plant
population.

•

In broadcasting method, proper plant density is not maintained due to uneven distribution of seeds.
Some of the plants are closely spaced and some have considerable gaps in between them. The utilisation
of radiant energy for effective photosynthesis is hampered due to high plant density and shading
effect in concentrated seed hills. The leaf area index will also be lower due to higher plant population.
So, yields may be lower due to poor utilisation of radiant solar energy. In the conventional system, air
and water vapour are trapped below the leaf canopy. So, the micro-climate below the leaf canopy is
quite humid and hot, as there is no air circulation. This is a major predisposing factor for spread of
several fungal diseases. Also, most of the insects find it convenient to hide, hibernate and breed in
such environments. Even the spray chemicals do not cause harm to the pests when they hide themselves
here. In zero tillage, there is sufficient gap between the rows and the plants. So, the air circulation
from inside and outside of the leaf canopy is regulated with minimal problem of diseases and pests.
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•

The conventional tillage in wheat and puddling in rice promote the use of heavy machineries. Though
these machines are instrumental in agricultural development, their unwanted use may aggravate
problems in global warming through higher burning of fuel and regulation of more machinery hours
and more cost of cultivation.

Module Content: PoP / intervention / framework /implementation of technology, etc.
In the past two decades, resource conservation tillage, minimum tillage and zero tillage concepts came
into being to reduce time, labour and machine operations as well as conserving moisture and reducing
erosion.
Moisture Conservation: Zero tillage promotes in-situ moisture conservation. The crop residues are
hygroscopic and they hold water for a longer period. Thus, WHC of the soil is increased.
Nitrogen Mineralisation and Immobilisation: When the crop is watered and dressed with urea on the
top, the stubbles undergo biological degradation. They enrich the soil by organic carbon and nitrogen.
The applied nitrogenous fertilisers are immobilised by the rice stubbles (the nitrogenous fertilisers are
volatile and they escape the environment soon after application in conventional tillage). Thus, they are
trapped temporarily, but not lost. When the rice stubbles are decayed, the trapped nitrogen is released
again to the roots through mineralisation when the crop is in the critical need for nitrogen.
More Nutrient Uptake: Due to lesser mechanisation in zero tillage and due to less compaction of the
soil, the bulk density of the soil is lesser as compared to the conventional system. So, the roots of the
plants go deeper into the soil, take nutrients from deeper layers and so more efficiently utilise its potential.
•

Proper Depth of Sowing: In zero tillage machines, wheels are attached for regulating the depth of
sowing. The seeds are placed very properly
at suitable depth, so that the germination
is hundred per cent. The seeds germinate
and establish earlier than in the
conventional system. The growth of the
seedlings are synchronous and the crop
growth is uniform.

•

Reduction of Soil Erosion: Mulching top
soil with trashes and crop residue will
reduce soil erosion.

•

Soil Tilth: Incorporation of crop residue
into the soil will improve the soil texture
and structure. Hence, It minimises the
resistance of root penetration.

•
•

Soil Aeration: The soil is more aerated
under zero tillage so crop growth is good.

Fig. 3 : Medium term effect of CA on slil physical properties
CE : Sequence of events that includes seeding, seed germination, seeding
emergence & development to the stage where the seedubgs could be expected
to grow to maturity
Establishment depends on teh complex interaction over time of seed, soil,
climatic, biotic, machinery and management factors (Wood, 1987)

Less Loss of Nitrogenous fertiliser in
Zero Tillage: Incorporation of fertilisers
like urea (half to one-third dose), DAP (full
dose) and potash (half to full dose) in the
conventional tillage is done at initial soil
preparation. Here, there is a great loss of
urea as nitrogenous fertilisers are not
needed particularly during initial 15 days.
Fig. 4 : Crop establishment
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In zero tillage, potash is broadcasted on the soil and DAP is put in the fertiliser chamber. Urea is
applied when it is first irrigated after 21 days. So, loss of urea is least favoring environment. Also,
since the granules of DAP are placed just below the seed, it is easily available to the germinating
seeds so that the growth is much faster.
•

Less Use of Chemical Herbicide:The growth of weeds in the zero tillage wheat is very less. So, the
use of chemical herbicides is very limited and it favours our environment.

•

Proper Planting Geometry, More Interception of Solar Light: The crops are sown at a proper
planting geometry, so they can harness more solar energy and see to that the productivity is higher.

•

Less Pest and Diseases: Temperature and air circulation of the micro-climate below the canopy is
regulated, so insect pest and diseases are less in zero tillage.

•

In sloppy lands, soil and water erosion will
be more, but if the crop is sown through
zero tillage across the slope, erosion will
be lesser.

•

Weed Population: Weed population in
zero tillage is lesser as compared to
conventional tillage which reduces the use
of chemical herbicides finally reducing
environmental hazards.

•

Low Global Warming Potential: Zero
tillage is more energy efficient in terms of
fuel consumption and mechanisation,
hardly plays any role in global warming
and climate change.

•

Soil Compaction: Conventional tillage
promotes more tractor hours, thereby
increasing the compactness of the soil due
to more traffic, which in turn decreases the
depth of root development.

Fig. 5 : Conservation Agriculture

Fig. 6 : Water saving in rice

Table 1 : Comparison of zero tillage with conventional farming method
Conventional

Zero Tillage

Water

+++

++

Weeds

+++

++

Labour demand

+++

++

Cost

+++

++

Global Warming

+++

++

Yield

++

+++

Farm fertility

+(-)

++

Note:- +++: High, ++: Medium, +: Low, (-): Absent/ reduction.
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•

Lodging Resistance: It is recommended to irrigate the wheat crop in milking stage, but hot westerly
wind blows during the milk stage. Thus, the farmers are in dilemma whether to irrigate the crop or
not. In both the cases, farmers are at loss. If the crop is sown through zero tillage, the wind will pass
through the inter-row spaces. Strong root development will also support the plant not to lodge when
irrigated during wind blow.

•

Physical Property of the Soil: It also enhances soil physical properties like bulk density, aggregate
stability, infiltration rate, soil erosion, etc.

•

Organic Matter Content: It increases organic matter content by the residues of previous crop, which
in long-term releases nitrogen by mineralisation.

•

Biological Property of the Soil: Soil biological properties like spore population, diseases incidence
and disease index were reported to be less in ZT as compared to CT.

•

Soil Temperature: Soil temperature is affected by thermal conductivity and volumetric heat
conductivity of a soil and the amount of heat that enters or leaves the soil surface. Hence, good
amount of soil cover and moisture content in different soil layers are desired which is better in zero
tillage.

•

In winter, the soil surface temperature is higher under zero tilled soil as compared to conventional
soil, whereas in summer, the situation is just reversed. So, zero tillage protects the crop from frost
injury and improves soil moisture availability. The cooling effect during ripening prolongs the maturity
period of crop and helps to overcome the problem of grain shriveling, resulting in higher grain yields.

•

Porosity: The air-water balance of soil directly influences microbial metabolism and ecology. Soils
are loosened only locally and superficially with zero tillage.

•

Moisture Retention: The mulch and standing stubble preserved under ZT reduce evaporation and
increase water retention. So, soil moisture content is generally higher under ZT than CT.

•

Crop Residue Management: The crop residue in zero tillage work as a natural mulch, so it regulates
the soil temperature, moisture content, weed management and nutrient management. Zero tillage
practice increases soil organic matter and potentially mineralisable ‘N’ in the upper 75 mm of soil.

•

Tillage and Soil Biological Properties: Due to higher carbon content, nitrogen content and moisture
content in the surface soil under zero tillage, there is a greater number of microorganism and microbial
activities (Doran, 1980).

•

Carbon dioxide Evolution and Emission in Relation to Tillage: Zero tillage has the potential for
converting soils as sources of atmosphere carbon sinks. By implementing ZT on a large-scale, we can
reduce the oxidative loss of soil carbon and it will result in the buildup of carbon and organic matter
in agricultural soils.

•

Organic Carbon Concentration: Increases near the soil surface in zero tillage as compared to
conventional tillage. So, tillage intensity should be decreased to reduce carbon loss.

•

CO2 Emission: Zero tillage technologies are environmental-friendly compared to traditional methods.
CO2 emission due to burning of fuel for field preparation is only15.60 kg/ha in zero tillage and 36.92
kg/ha in rotary tillage.

•

Benefits of Resource Conservation Equipment and Technology
Laser land leveller

30-50 per cent saving in water

Rotavator

50 per cent fuel saving and better quality seed bed

Zero till drill/minimum till drill

5-10 per cent increase in yield and saving of
Rs. 2000-3000/ha
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Table 2 : Climate resilient wheat varieties suitable for zero tillage
Normal Irrigated

Late Sown

Rainfed

Sodic Soils

HD 2967,
K8804,
K9107
DL784-3
HP1731
HP1761
NW1012
HUW 468
PBW 443
HD2733
PBW343
RW 346
RW3413
HD2824

DL784-3
HD2643 (Ganga)
HP1633
HP1744 (Rajeshwari)
NW1014
HW2045
DBW14
NW2036
HUW234
PBW 373
NW2036
HD2285
RAJ3765

HDR 77
K8962
K9465
C306
K8027
RW3016

RAJ 3077
KRL -19

Temperature Requirement for Wheat
•

Germination 20-25°C

•

If temperature is above 25°C, the seedling is attacked by fungus, producing few tillers, poor
growth, early heading and poor yield

•

Tillering - 16-20°C

•

If temperature is above 20°C, tillering is poor and heading is accelerated

•

Grain filling - 25°C

•

If temperature is above 25°C, there is forced maturity, shriveled grain and poor yield
Table 3 : Climate resilient sowing time for wheat
Rainfed
Normal sown Irrigated
Late sown Irrigated

1-15 November
15-30 November
1-31 December

Table 4 : Reduction in wheat yield under late sown condition
Sowing date

Yield (t/ha)

Reduction

Reduction /week

Reduction/day

November 15
December 7
January 7
January 30

5.0
4.0
2.8
1.9

1.0
1.2
0.9

0.33
0.33
0.40

47
47
57

Fig. 7 : Furrow Openers of the Drills/Planters
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Fig. 8 : Seed Metering Systems
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Table 5 : Fertiliser recommendation (kg/ha)
O.C.(%)

N required

P available

P required

K available

K required

<0.2
0.2-0.4
0.41-0.6
0.61-0.8
0.81-1.0
>1.0

160
140
120
90
75
60

<10
11-20
21-30
31-40
41-55
>55

80
60
45
30
15
10

<100
101-150
151-200
201-250
251-300
>300

60
50
40
30
20
0

Time of fertiliser application
•
•

1/3 N at sowing and 2/3 at first node (40-45 DAS) in heavy soils.
1/3 N at sowing, 1/3 at first node (40-45 DAS) and 1/3 at an thesis in light soils.

Fertiliser Dosage and Calendar (per acre, normal)
•
•
•
•
•

At sowing: 50 kg DAP (used in the ZT machine), 32 kg MOP, 10 kg Zn (applied manually).
At 1st irrigation: 42 kg Urea (applied manually).
At 2nd irrigation: 42 kg Urea (applied manually).
If wheat is sown after a pulse crop, the dosage of nitrogen may be reduced by 25 per cent.
If wheat is sown after 30th of November, the fertiliser dose can be reduced by 25 per cent.

Note: Herbicide application should be done 30-35 days after sowing in 120-150 liter of water per acre using a
flat-fan nozzle.

Water Management
•

Flooding creates anaerobic situation near the
root zone.

•

If possible give light irrigation.

•

Zero tillage saves 25-40 per cent of irrigation
water.

•

No. of irrigations 4 at CRI, 21 DASBoot, 65
DAS

Table 6 : Achievements due to technology
Crop establishment

Average
Yield (q/ha)
Yield (q/ha) Min Max

Zero tillage

5.21

4.00

6.10

ZT-controlled traffic

4.76

3.92

4.94

Bed planting

4.98

3.50

5.35

Conventional till

5.08

3.90

5.84

Weed Management:
•

Sulfosulfuron (leader)@25g ai/ha at 30-35 DAS or Metribuzin (Sencor) @ 175 g ai/ha @ 30-35
DAS (2-3 leaf stage) and Isoproturan @ 1 kg ai/ha at 30-35 DAS

Fig. 9 : Benefits from Zero tillage
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6. Soil Health Management
- Satish Subhedar and Bhagwat Ahirwar

Introduction
As per the report of World Resources Institute (WRI), around 10 billion people have to be fed by year
2050 which will require 56 per cent more food production. To meet the growing demand, there is a need
to enhance the soil productivity. Production has to be enhanced by using innovative technologies to lower
the greenhouse gas emissions from agriculture and allied sectors to reduce the share of agriculture in total
GHG emission (Fig. 1).
The U.N. Food and Agriculture Organisation
warned in 2015 that we have only 60 years of
farming left if soil degradation continues at the
present rate. Further, according to Global Land
Outlook (2017), fertile soil (a non-renewable
resource) is now being lost at an alarming rate
of approximately 24 billion tonnes a year.
Therefore, maintaining good soil health is one
of the biggest challenges under the current
scenario of augmented population growth,
human induced climate change and industrial
farming.
Soil health encompasses its physio-chemical
Fig. 1 : Creating a Sustainable Food Future by 2050
and biological properties. This shall reflect on
crop production through quantity and quality of the crop yield. Not only this, good soil health will assist
enhanced production of crops in the eco-friendliest way without using phospho-organic compounds, at a
low cost besides protecting crops during biotic and abiotic stress.
Soil is a living entity and its dynamics must be understood so that it can be estimated that lighter the soils,
more prolific it would be. This kind of soil would be vibrant with diverse beneficial microbes and insects
such as Azotobactor, Rhizobium, fungi, PSB, termites, millipedes, centipedes, earthworms, ants, spiders,
nematodes, etc. The activities of these organisms are determined by the organic carbon content of soil.
Higher the soil organic carbons, higher will the microbial activities be. The key role of this microflora is
to decompose and break down the complex organic molecules into simpler substances for enhanced
absorption by plants. Healthy soil will have more potential to absorb carbon dioxide and sequester it in
the form of soil organic carbon. This will further lead to reduced carbon emissions into the atmosphere
and help to mitigate climate change and global warming. In addition it to, healthy soil will give positive
reflection on socio-economic status of the farming community, particularly women farmers.
Thus, it is imperative that the utmost focus should be given to improve soil health which subsequently
takes care of all relevant interventions. Soil organic carbon content is a good indicator of healthy soil and
must be achieved above 0.7 per cent. To achieve this, all the relevant interventions mentioned in this
document must be understood in its totality.

Need of the Module: Importance and Constraints
Importance
•

Soil health is an integrative property that reflects the capacity of soil to respond to agricultural
intervention, which continuously supports both the agricultural production and ecosystem services.
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•

Soil is the key factor for sustainable livelihoods for any farmer. Soil also represents the health and
wealth of the farmer, but currently soil degradation and erosion are occurring at an alarming rate.

•

To achieve a balanced growth with sustainable economy while improving environmental quality, it
will be necessary to have a better understanding of soils, including their properties, functions, ecological
roles and management. Hence, there is a need to sensitise the participants on different aspects of
healthy soil.

•

This module will create awareness among the participants about various soil health management
practices.

Constraints
•

Exposure of healthy soils to high temperatures, strong wind and rainfall leads to soil degradation.

•

Sustaining soil health in tropical and drought-prone areas is a major challenge.

•

Lack of adequate cattle population and dung availability for soil incorporation before sowing operations
to improve soil health is a major constraint.

•

Availability of biomass and other necessary inputs/tools (waste decomposer bottle, bio-fertiliser packets,
etc.).

•

Lack of technical support and live demonstration of interventions.

•

Low level of literacy and awareness among farmers.

Soil
Soil can be defined as the loose material that lies
on top of the land which consists of rocks (soil
solids), minerals, water, air, humus and
microorganisms (Fig. 2).
Component

% Share

Minerals
Moisture
Air
Organic
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25
25
5

The fertile soil is formed by process of weathering
of rocks and minerals that is disintegrated through
impacts of rainwater, temperature, and organic
acids over a long period of time.

Fig. 2 : Components of an ideal soil

To create 10 cm of top soil (fertile), it takes more
than 2000 years (Fig. 3). But it can be eroded and
corroded in lashing rains in the absence of field
bunds and other landscape treatments.
A. Soil Organic Matter (SOM): It is the organic
matter component of soil, consisting of plant
and animal residues at various stages
of decomposition, cells and tissues of soil
organisms and substances synthesised by soil
organisms. It is difficult to measure SOM
directly, so laboratories tend to measure and
report SOC. SOM increases soil porosity,

Fig. 3 : Years needed for for creating 10 cm of top soil
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allowing soil to store enough water and air for plant roots. The maintenance of SOM in agricultural
soils is generally governed by annual temperature, precipitation and many interacting factors such as
soil types, tillage, application of fertilisers, quality and quantity of organics returned to soil and the
method of residue management.
B. Soil Organic Carbon (SOC): It refers to the decomposed crop residue and other organic components
in soil. Soil holds massive amount of organic matter, which increases it ability to store and release the
nutrients essential for plant growth. Indian soils contain about 0.1 to 1 per cent organic carbon.
Higher Soil Organic Carbon content in the soil leads to:
•

High water holding capacity

•

Enhanced soil microflora activities

•

Enhanced plant nutrient availability

•

Reduced leaching of plant nutrients

•

Increased soil fertility and productivity

Loose and friable soil leads to increased soil aeration
Recommendation:
•

Apply maximum compost manure (at least 600 kg of Amrut Khad or organic manure fortified with
biofertilisers/Amrut Pani)

•

Incorporate crop residues in the field. Do not burn crop residue in fields.

•

Adopt zero tillage/minimal tillage techniques for crop cultivation.

•

Adopt mulching techniques such as mechanical, bio and live mulching.

C. Soil Microflora: Soil microflora consists of different bacteria, fungi and viruses which enhance the
availability of soluble plant nutrients by converting insoluble/unavailable forms of nutrients to soluble
form for plant intake.
“Soils are a key reservoir of global biodiversity, which ranges from microorganisms to flora and
fauna. This biodiversity has a fundamental role in supporting soil functions and therefore ecosystem
goods and services associated with soils. Therefore, it is necessary to maintain soil biodiversity to
safeguard these functions.”
Due to repeated application of chemical fertilisers, these beneficial microbes remain under subdued
conditions and are deprived of its beneficial role in the soil.
Recommendations:
•

Apply Amrut Pani (4 per cent solution) to fallow lands before land preparation.

•

Apply waste decomposer (25 per cent solution) to fallow land before land preparation.

•

Apply biofertilisers (purchased from market/universities) through seed treatment, soil treatment
and organic manure fortification.

•

Apply decomposed organic manure in the plot during land preparation.

•

Foliar application of Amrut Pani (0.25 to 1.0 per cent) regularly after 15 days of germination or
transplantation. Similar sprays need to be repeated at every 10-15 days interval till the crop reaches
its physiological maturity.

D. Water Holding Capacity and Nutrients Holding Capacity: Soil comprises clay, silt and sand, based
on size of the soil particles (Fig. 4). Every type of soil has combinations of all the three types of soil
particles.
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Clay particles being the smallest in size
(diameter) have higher surface areas and hence
have highest capacity to hold soil nutrients and
moisture. Similarly, silt particles have lower
capacity to hold nutrients and moisture than clay
particles. Sand particles have the lowest nutrient
and moisture holding capacity.
Recommendations:
•

Apply organic manure or Amrut khad (at
least 600 kg of manure per cropping
season).

•

Apply silt (deposited in pond, check
dam, river bank) on the sandy soil.

•

Fig. 4 : Type of soil based on size of particles

Apply biofertilisers (4 per cent solution
spray of Amrut Pani in vacant field or
apply other bio-fertilisers).

E. Soil Health Card: Soil health card depicts
the health status of the soil which is assessed
on the basis of soil parameters including pH,
EC, organic carbon (OC), nitrogen (N),
phosphorus (P), potassium (K), Iron (Fe),
Copper (Cu), Manganese (Mn), Magnesium
(Mg), Zinc (Zn), Boron (B), Sulpher (S), etc.
(Fig. 5)
Government of India is providing soil health
cards at free of cost under flagship scheme viz.,
‘Soil Health Card Scheme’ launched by
Honourable Prime Minister on 19th Feb, 2015.

Fig. 5 : Plant Nutrients

Procedure for procuring soil health card involves the following three steps:
a. Soil sampling
b. Soil analysis (testing)
c. Soil Health Card interpretation
a) Soil Sampling:
1. Divide the field into different homogenous units based on the
visual observation (collect soil samples from four corners and
the centre)
Fig. 6a : Selecton of spot

2. Remove the surface litter at the sampling spot (Fig. 6a)
3. Make a ‘V’ shaped cut to a depth of 15 cm in the sampling spot
using spade (Fig. 6b)
4. Remove thick slices of soil from top to bottom of exposed face
of the ‘V’ shaped cut and place it in a clean plastic sheet
5. Mix all the samples thoroughly and remove foreign materials
like roots, stones, pebbles, etc.
Fig. 6b : Making V shape
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6. Reduce the quantity to about 0.5 to one kilogram by quartering (Fig. 6c)
7. Quartering is done by dividing the thoroughly mixed sample into four equal parts. The two opposite
quarters are discarded and the remaining two quarters are remixed and the process is repeated
until the desired sample size is obtained.
8. Collect the sample in a clean cloth or polythene bag (Fig. 6.d)
9. Label the bag with the following information (Fig. 6.e):
o Name of the farmer
o Location of the farm (coordinates)
o Survey number
o Colour of soil
o Previous crop grown
o Crop to be grown in the next season
o Date of collection
o Name of the sampler, etc.

Fig. 6d : Sample collection

Fig. 6e : Labeling

Fig. 6c : Reducing quantity

Precautions to be taken while collecting soil sample:
•

Do not collect soil from underneath the tree shadow

•

Do not collect soil from places where organic/inorganic fertilisers were temporarily dumped

•

Do not use fertilisers bag for collecting soil samples

•

Collect soil samples during fallow season

•

Collect only the dry soil samples

•

Avoid collecting top soil

b) Soil Analysis (Testing)
1. Take the soil sample to KVK or soil testing lab available in your area
2. Soil testing is free under ‘Soil Health Card Scheme’
3. Follow up with the lab to collect soil health card
4. Ask KVK experts, Agriculture Department officials, experts or SLACC CRP for interpretation of
the report
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‘Mug Experiment’ to Assess Bulk Density of Soil
•

Collect soil samples from five locations (four corners and from centre)

•

Mix all samples to make composite samples

•

Divide composite samples into four equal parts

•

Discard two samples from opposite parts

•

Repeat this procedure till 1 mug (1 litre) of soil is left

•

Fill this 1 litre mug to the brim and weigh the soil in a weighing balance

•

If the weight of the mug is 400 gm or less, then the soil can be considered productive and fertile.

•

As the weight of the soil increases, it indicates that the fertility and productivity is declining

Recommendation for Rectification
•

With every cropping season, at least 600 kg of Amrut khad or fortified organic manure should be
applied to the crops lasting for four months, while crops of longer duration can be supplemented
with the same amount of Amrith khad.

•

Add more crop residues or organic matter in the soil. Adopt green manuring or zero tillage
practices.

c) Soil Health Card Interpretation (Crop-wise fertiliser Recommendation):
Soil Health Card provides crop-wise fertiliser recommendations. Farmers may choose the crop of his/
her interest and get two options of recommendations based on the results of their soil sample; and
choose only one of the options:
•

Option 1:Combination of Urea, Single Super Phosphate (SSP) and Muriate of Potash (MOP).

•

Option 2: Combination of Urea, Di-ammonium phosphate (DAP) and Muriate of Potash (MOP)

Note- Nitrogen requirement is different for the two options. It is because DAP contains both nitrogen
and phosphorous. So, stick to the recommendations given for option 1 or option 2. All recommendations
are in kilogram per hectare

SOIL HEALTH CARD
Soil Health card no.- 010617-0031
Farmer Name- Kailash Kallu
Laboratory - SLACC, Sheopur, M. P.
Test Date - 03-05-2017
Table 1 : Soil Health Card
Farmer Data
Name
Address
Village
Tehsil
District
State
Adhar No.
Mobile No.
Survey .
Khasra no.
Soil type
Season
LOCATION

Soil Parameters
Kailash Kallu
KARRAI
KARRAI
KARAHAL
SHEOPUR
MADHYA PRADESH

31
Other
Summer
Lat- Long-

1. PH
2. EC
3. OC
4. Nitrogen
5. Phosphorus
6. Potassium
7. Zinc
8. Sulphur
9. Boron
10. Iron
11. Copper
12. Manganese
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Remark
6.35
0.09
0.43
179
12
199
0
566
0
13.89
5.52
49.50

%
Kg/ha
-“-“Mg/Kg
-“-“-“-“-“-

Acidic
Medium
-“Less
Less
Medium
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Table 2 : Fertilizer dose for selected crops
OPTION 1- kg/ ha

OPTION 2- kg/ ha

CROP

N

P

K

Urea

SSP

MoP

Urea

DAP

MoP

1.
2.
3.
4.
5.
6.
7.
8.

99
133
46
26
182
199

88
35
81
77
97
118
97

48
43
36
69
56
61

214
290
99
56
396
431

548
218
504
476
605
738
606

80
71
61
114
92
101

140
221
33
27
295
348

190
76
175
165
210
257
211

80
71
60
114
92
101

Rice
Cotton
Maize
Ground nut
Soybean
Chana
Wheat
Sugarcane

Table 3 : Micro-nutrient recommendations
MICRO-NUTRIENT
1.
2.
3.
4.

SUGGESTED kg/ ha

Sulphur
Zinc
Boron
Iron

NR
25
10
0

MICRO-NUTRIENT
5.
6.
7.
8.

Copper
Manganese
Lime
Gypsum

SUGGESTED kg/ ha
0
0
---

Soil Parameters Interpretation.
•

pH: The normal pH range of a healthy soil varies from 6.5 to 7.5. in this type of soil, no additional
treatment of Calcium Sulphate or Calcium Carbonate is required. pH ranging from 7.5 and above
would require Calcium Sulphate or Gypsum for pH rectification. The soil with pH below 6.5 would
require Calcium Carbonate for rectification. The actual amount of Calcium Carbonate or Gypsum
would be ascertained after knowing the correct pH of the soil. For example, if soil pH is 9 then the
quantity of Gypsum required would be three tons per acre. Out of this, 1.5 tonnes would be used for
the soilin the first year. In the second year and in the same field, 1.0 tonnes Gypsum would be required.
In the third year, 0.5 tonnes Gypsum would be required. Apart from application of Calcium Sulphate
and Calcium Carbonate, this treatment must be followed up with the application of organic fertilisers
and sowing of green manuring crops.

•

EC: Electrical Conductivity (EC) is expressed as milli siemens (mS) per cm
When EC is in the range of :
o 0 – 2, the soil is free of salt. In Soil Health Card (SHC), it is written as ’sadharan’ means normal
soil with no effect of salinity on crops
o 4 – 8 indicates slightly saline soil which restricts yield for normal tolerance crop varieties
o 8 – 15 indicates moderately saline soil. Only tolerant crop varieties can withstand this level of
salinity and can yield satisfactorily
o When EC is more than 15, it indicates that the soil is highly saline. It is very difficult for agricultural
crops to grow.
o When EC is more than 4.0 and pH is less than 8.5, soil is called saline. When EC is less than 4.0
and pH is more than 8.5, then it is called sodic. In both the cases, Gypsum should be applied.
Recommendation for Gypsum has been given in the second page of the SHC
Table 4 : Soil parameter normal range kg/ha
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Parameter

Low

Medium

High

EC
OC%
Nitrogen
Phosphorus
Potassium

0-4
< 0.6
< 280
< 10
< 108

4-8
0.6-0.8
281-560
10-24
108-280

>8
> 0.8
> 560
> 24
> 280
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Soil Health Management Interventions
I. Organic Manure: Quantity and Time
A. NADEP: Invented by a farmer named Shri N. D. Pandharipande also known as Nadepkaka
•
•
•
•

•
•
•

•
•
•
•
•
•
•

Dimensions of NADEP Tank: Length- 7 feet, Breadth- 4 feet and Depth- 3 Feet
Tank is made up of bricks
Enough spaces are maintained between two bricks for aeration to facilitate aerobic and anaerobic
decomposition.
Degradable and decomposable material is
laid in the NADEP tank up to a hight of 10
cm. This material is fully drenched with
dung and water.
Cover the above material with a layer of
soil having 5 cm thickness.
Repeat this procedure till the brim of the
NADEP tank.
Further, put another biodegradable material
Fig. 7 : NADEP Tank
layer above the filled NADEP tank to a
height of 45 cm.
Add water to this filled NADEP tank through the spaces in between the bricks.
Plaster the NADEP tank with cow dung and soil.
After a month or so, due to decomposition process, the height of filled material in the NADEP
tank will reduce to a larger extent, indicating that decomposition process is in progress.
Refill the NADEP tank as before and sprinkle water in it.
After refilling the NADEP tank once or twice, the process of decomposition is completed.
After 90 days, the NADEP tank may be opened to observe the completion of decomposition process.
The organic matter is now converted to loose and friable material with no off odour. It will look
like tea grains.

B. Bhu NADEP: Dig a pit of around 1 feet depth, 7 feet length and up to 4 feet breadth. Filling principles
are same as mentioned for NADEP.
C. Tatiya NADEP: Filling principles are same as mentioned for NADEP. The NADEP structure is made
up of bamboo or other wooden sticks. (Source: SLACC Project)

Fig. 8 : Bhu NADEP

Fig. 9 : Tatiya NADEP

D. Preparation of Vermicompost:
Material Required:
• 100 kg cowdung
• Compost tank (B=4 ft x D=2 ft x L=10ft) or use plastic vermicompost tank
• Water to reduce the temperature of cow dung
• Earthworms (Eisenia foetida or Australian red worms required at the rate of 5-10 kg)
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Method of making Vermicompost
•

Fill the tank with cow dung and drench it with cold water repeatedly till its temperature reduces.
Or spread the cow dung for 10-15 days under shade to reduce its temperature.

•

Inoculate the tank with earthworms

•

Cover the dung with jute bag so as to conserve moisture and provide cool temperature for
earthworms

•

Drench the water intermittently

•

After 90 days of intervention, the decomposed upper layer of the cow dung can be systematically
removed and stored in a plastic bags for further use

•

It should be ensure that these bags are stored in a cool and dry place

Fig. 10 : Preparation of Vermicompost

E. Amruth Khad:
Integredients: 1) 100 kg cow dung that is 20 to 25 days old 2) 2 litre of Amruth pani 3) 10 litre of water
Steps for preparation:
1. Heap the cow dung in rectangular shape as show below:
Add mixture of water and amurth apni
Cow dung of 20 to 25 days old

2. Pour the water and amurth pani on the top of the heap, mixing it consistently
3. Heap the cow dung under the shade and cover it with polythene or hay (crop litter)
4. This manure is ready for use in a period of one month.
Indication for completion of manuring:
• Flufiness
• Manure should be at ambient temperature
• Free from foul smell
• Quantum of cow dung (100 kg) will be reduced to 60 kg of manure
Proceudre for use: Apply 600 kg of amruth khad (manure) for one acre area
Advantages of Amruth Khad:
• Availability of nutrients in a soluble form
• On application of manure, soil becomes friable
• Enhances soils water holding capacity
• Improvement in soil microbial load
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F. Green Manure:
Table 5 : Qunatity of available nitrogen in green manure crops
Green manure crop

Month of sowing

Seed rate
(kg/ha)

Supply of nitrogen
to the soil (kg/acre)

Blackgram

June-July

8-9

26-28

Cowpea

April-July

18-22

30-35

Dhaincha

April-July

32-40

33-42

Greengram

June-July

12-16

27-34

Horsegram

June-July

10-12

48-54

II. Biofertilisers
a. Prepared in Lab: Farmers may approach Agriculture Universities, KVKs, Agriculture Department
or open market to buy these biofertilisers. Types of biofertilisers or soil microflora are as given below:
Table 6 : Types of Biofertilisers
Soil Microflora

Crop / Purpose

Rhizobium (Nitrogen provider)

for legumes

Azotobacter and Azospirillum (-“-)

for non-legumes

Phosphate Solubilising Biofertiliser (PSB)

for all crops

Blue Green Algae (BGA) (for Nitrogen)

for paddy crop

Trichoderma (decomposing, pest-disease)

for all crops

Lactoacid Bacillus

for faster decomposer rate

b. Amruth Pani:
Ingredients
•

10 litres cow urine

•

1 kilo cow dung

•

1 kilo bengal gram flour

•

1 Kilo neem leaves

•

250 grams calotropis leaves

•

100 grams jaggery

•

15 to 20 litre capacity earthen pot or plactic drum or container

Steps for preparation:
•

Take 10 lts of cow urine in a container and mix it with hand by adding 1 kg of bengal gram flour
and 1 kg of cow dung, till it dissloves.

•

Mix the powder of 1 kg neem leaves, 250 gms calotropis leaves and 100 gm of jaggery in the
above mix

•

Now close the container with moist soil so that it becomes air-tight

•

Keep the pot or drum in shade for 10-15 days

•

After the mixture gets fermented, filter it and store in a plastic bottle

Procedure to use:
•

First spray of Amruth Pani should be done after 15 days of sowing (mixing 250 ml of amruth pani
in 100 lts of water)
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•

Second spray of Amruth Pani should be done after 30 days after sowing

•

Third spray of Amurth Pani should be done after 45 days after sowing (mixing 500 ml of amruth
pani in 100 lits of water)

•

Fourth spray of Amurth Pani should be done after 60 days after sowing (mixing 250 ml of amruth
pani in 100 lits of water)

Note: Amurth Pani should be sprayed in early hours of the morning or late hours in the evening when
humid content is high.
c. Waste Decomposer (WDC)
Material required:
• Plastic drum of 200 lts capacity
• Jaggery- 2 kg
• Water- 200 lts
• Waste decomposer bottle (Rs. 20 / bottle, purchase it from any Regional Centre for Organic Farming
or NCOF) or
• Collect 15-20 lts of waste decomposer (inoculate) from already prepared waste decomposer solution
from a nearby village.
Method of making WDC solution:
• Keep the plastic drum in shadow
• Make jaggery solution in 10 litre of water in a bucket.
• Mix waste decomposer bottle content in the bucket containing jaggery solution
• Mix this jaggery and WDC solution in 180 litres of water in a plastic drum
• Stir the solution 3-4 times a day slowly with a wooden stick.
• Cover the mouth of the drum with cotton cloth to avoid insects from entering inside the drum.
or
• Keep the plastic drum in shade
• Take 15-20 lts of already prepared WDC solution and add jaggery solution (prepared in 10 litres
of water) to it
• Directly mix the contents in 180 lts of water in a drum.
• Stir the solution 3-4 times a day slowly with wooden stick.
• Cover the mouth of the drum with cotton cloth to avoid insects from entering inside the drum.
Note : Same steps can be replicated for further making of more number of WDC solution drums in the
village.
Application of WDC:
•
•
•
•
•

Soil treatment (spray in moist farm)
Seed treatment (check the amount of solution to be used)
Foliar application (after EVERY 10-15 days) (Check the amount solution to be used)
Composting
Can be applied through irrigation

Fig. 11 : Waste Decomposer
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d. Jeevamrut:
How to prepare Jeevamrut

Take 200 litres of water in a container

Take 10 kg local breed cow dung and 5 to 10 lts cow urine and
add it in the water

Add 2 kg jaggery, 2 kg pulses flour and handful of soil collected
from the farm bund

Stir the solution well and keep it under shade for 24 hours to
ferment. Now, Jeevamrut is ready for application

Jeevamrut application
Apply Jeevamrut to the crop along with the scheduled irrigation
or foliar spray to the crop.
Spray 10 per cent filtered Jeevamrut on the crops
III. Mulching
a. Biomass Mulching: Covering soil with crop residue, leaves and other biodegradable items.
b. Live Mulching: Covering land with cover crop like multi-layer farming, intercropping, etc.
c. Mechanical Mulching: Breaking the top layer of soil to check capillary action. It can be done by
weeding or hoeing of the field for reducing the competition for sunlight, air, moisture and nutrient
uptake between the main crop and weeds.
•

Mulching is covering the open land between the crop row with biomass/cover crops,weeding
or hoeing.

•

Mulching checks the evaporation of soil moisture and increases the microbial activities in
the soil for longer duration.

•

If practiced regularly, mulching increases the soil organic carbon content in the farmland.

Mulching helps in
• Check soil, water and nutrient erosion
• Optimise land use for crop maximisation
• Sow the crops in rows across the contour line
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Fig. 12 : Mulch tips to protect your plants (Source: Peter Cundall)

Recommendations:
•

Maintain a plant to plant and row to row distance as per the morphology of the variety

•

Provide foliar applications of micro and macro nutrients for crop maximisation

•

Provide a mechanical mulch so as to break the capillary action and conserve the soil moisture and
nutrients

IV. Sowing Across the Slope
This type of method is practiced in hilly/undulating areas
V. Silt Application
Silt application is carried out on rainfed farm land as a win-win situation. It improves the soil health
of the farmland and at the same time de-silting of the water bodies helps in enhancing the storage
potential of the water body. Apply 2-5 trollies of silt in one acre of land.

Fig. 13 : Silt application
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7. Importance of Seed/Planting Material in Crop Production
-Anil Verma and Basavaraj Patil

Introduction
Botanically, ‘seed’ is a fertilised ovule in a plant,
which when mature can be planted to advance
the generation. In simple terms, ‘seed’ is a
planting material for growing a crop, hence any
seed which is planted (in soil mostly)
germinates to grow into another plant. Not
always seed is planted to grow a crop. For
example, a potato tuber is not a ‘true’ seed, it is
a modified stem, which is planted and is a
vegetative way to grow a crop. True potato seed
can be obtained for planting, but needs specific
climatic requirement and cannot be produced
everywhere. Tissue culture is one sophisticated
laboratory and greenhouse-based system which
gives vegetative propagation of a disease and
Fig. 1 : Various parts of a seed
virus-free planting material for crop plantation
(photo-Ajeevika Mission,CG)
and floriculture, such as flower seedlings,
banana, spices, etc. Therefore, there are various ways of propagating a crop depending on the crop type,
climate and agro-ecological zone. For our purpose, we will confine to true seed such as paddy, wheat,
mustard, maize, vegetables, cotton, millets to name a few. A seed develops from an ovule after fertilisation.
It consists of a tough coat or testa enclosing an embryo which is made up of a plumule, a radicle and one
or two cotyledons. In favourable conditions, the seed can grow and become a fully independent plant,
bearing flowers and seeds during its life cycle. A seed represents the whole plant.

Need of the Module
The farmers are using poor seeds in crop production due to its unavailability in the local area and lack of
awareness about the importance of seed in crop production. They do not have knowledge of simple methods
of seed selection to maintain good seed from their existing crop.As a result, the productivity of common
crops is very low in their local agro-climatic zones. Seed or planting materials of a crop or a plant is a
very important component of crop production as good seed interacts with the good environment around it
and determines the health of the crop or plant. If the environment is conducive and the seed is poor,
production is likely to be less. Hence, farmers must use good and healthy seeds. They must procure seeds
from healthy seed sources. Farmers should have knowledge of the local seed selection and conservation
practices. They can also procure traditional varieties from good sources and improved and high yielding
varieties from different resource institutions such as agricultural universities, Krishi Vigyan Kendras and
reputed agro companies. The local village level women organisations should learn to form and sustain a
vibrant seed bank.

Module Content
The seed
a. Identification of Good and Bad Seeds (Practical): It would be on practical basis, 50 gram seed
randomly provided to participants and allow them for identification of good and bad seeds.
b. Characteristics of Good Quality Seeds: The seed should have physical purity. It should be free from
weeds, other crop seeds and inert matter (stones, husks, plant parts, etc). It should also have pathological
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purity i.e. freedom from diseases. It should have genetic/varietal purity: true to its kind or variety,
high germination percentage, percentage of healthy seedlings, which can be known by seed germination
test. It should be free from diseases and have high yield potential.
Quality seed helps to reduce cost of cultivation, chances of diseases, pests (seed born) and weeds
infestation (admixture). Good quality seed ensures high germination, good crop growth, high yield
and high income.

Fig. 2 : Good quality seeds and bad quality seeds (photo credit:Ajeevika Mission, CG)

Seed Selection and Replacement
Selection of good seed is the heart of seed saving. It is much better to have a large number of plants/fruits/
pods, etc., to select. It is also very important that undesirable plants are rogued out ensuring only the best
plants to go for seed. It is a good idea to select a variety that is suitable for particular or specific area.
Seed selection is mainly aimed at obtaining healthier seeds. It can also be used to maintain and improve
the quality of crop variety. In a crop field, farmers may observe differences in traits between plants. Some
plants may have characteristics that are more desirable. During the growing season, a farmer can try to
observe these differences and mark preferred plants with a ribbon or with a stick. During the harvest
season, the seeds of these plants can be reserved as seed for the next crop. In this way, the farmer can
slowly improve the quality of their varieties. Good seed selection is also key in controlling pests and
diseases. It is important for farmers who want to improve their next crop to select high quality seeds
during the harvest time to be kept for next season.

Fig. 3: Plant with infection (left) and healthy plants (right) (photo credit: Ajeevika Mission,CG)

Selection Criteria
While selecting seeds, the following qualities should be seen: Good foliage color, time of maturity, pest
resistance, resistance to salinity, drought resistance and health of plant( thick or thin skin). Healthiest
fruit- e.g., tomatoes-some early, mid and late from best plant and pods from the mid stem area of the
plant-e.g., beans
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Precautions
Whole seeds should be selected, while broken or crushed seeds should be avoided. The sowing quality of
seeds should be high. They should have high germination capacity. Seeds should be free from infection.
The seeds should not be mixed with seeds of weeds or with other seed varities. Seeds should be diseaseresistant.
The seeds should be purchased from good shops or should be supplied by good seed agency (certified
seeds).
Seed Replacement
Any farm seed saved by the farmer needs to be replaced by fresh seed every four years, cross pollinated
seeds for every three years, hybrid seeds every year, as many such seeds are not viable and self-pollinated
every four years. In short, at least 25 per cent of seeds should be replaced every year.
We need to replace the seed because the grains that we eat do not have genetic purity and this differentiates
a grain from seed. The replacement of seed is essential because seed carries genetic characters which
determine its adaptation, resistances and yield potential. Thus, maintenance of its purity is important.
Repeated use of same seed causes deterioration of genetic and physical purity. Cross-pollinated crops
looses purity in every crop due to its nature of pollination. Self-pollinated crops suffer from in-breeding
depression (reduced quality), chances of natural mixture of other variety seeds and weed seeds, gradually
building up seed-borne diseases and pests.
Types of Seed
There are various kinds of seeds. The good seed when put in good environment and good management
practices provides better yield. The main difference between foodgrain and seed is of genetic purity. The
seeds are genetically pure and free from impurities. Hence, we should understand various kinds of seeds.
1. Nucleus Seed: The nucleus seed is genetically 100 percent pure and does not contain other physical
impurities. The nucleus seed is produced strictly under isolation so as to avoid both genetical and
physical contamination. Nucleus seed should retain original vigour of the variety or parental line.
2. Breeder Seed: Production of seed is a highly science-based activity. An improved variety of paddy
requires anything between 6-8 years from the lab to land. Scientists first fix a promising genetic
material from a germplasm collection, and follow a classic set of plant breeding methods which goes
through many generations, improving the desirable traits such as high yield, resistant to disease,
pests, drought (called biotic and abiotic stresses), quality parameters, etc. Only when one is sure that
their variety is comparably a better one, she/he should give the existing varieties for production. This
class of seed is called the breeder seed.
By definition, a breeder seed is directly controlled by the originating plant breeder of an institution/
research centre and the production is personally supervised by the breeder. This seed is the product of
systematic research with 100 per cent genetic purity and in the starting point of a seed production
chain. It is available in a small quantity. When a breeder seed is multiplied, we get a class of seed
called foundation seed.
3. Foundation Seed: It is the progeny of breeder seed, which can be clearly traced back to the original
breeder seed. Production has to be supervised and approved by certification agency so that the genetic
purity is maintained. This should conform to certification standards laid out for each crop. This is
also available in limited quantities and should be labeled with a white tag. This can be planted to
Foundation Stage II or to a certified seed.
4. Certified Seed: This is the next generation from a foundation seed. The genetic purity has to be
maintained during the production process. This is available in large quantities and can be sold to
market after due certification process and will have an ‘Azure Blue Tag’.
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This class of seed can be taken to Certified I or II – i.e., two progenies can be taken, provided the
certification agency is satisfied that the purity has been maintained and has not altered significantly.
5. Truthful Label (TL): This class does not need any official certificate and is sold with a label certified
by the producer (a seed company) that it conforms to certain basic standards of purity, mixture, free
from disease, etc. This is sold solely at the risk of the producer and any problem faced by the farmer,
the producer becomes responsible and liable for any compensation.

I. Seed Bank and Storage
A seed bank stores seeds to preserve genetic diversity. It is a type of gene bank. Collections of seeds stored
at a constantly low temperature and low moisture are guarded against loss of genetic resources that are
otherwise maintained in-situ or in field collections. Most seed banks are publicly funded and seeds are
usually available for research, which benefits the public. Seed banks store seeds to keep them viable. The
community-based seed banks maintain the genetic purity of seeds for the common farmers of the locality.
Women organisations can have a collective community seed bank in rural area. In Odisha, large numbers
of seed banks are operational. The farmers involved in seed collection maintain germplasm of various
paddy varieties. In most cases, they are promoting and nurturing traditional varieties. In other parts of
Odisha, good and improved varieties released by research stations and local agricultural universities are
also disease and pest resistant, these varieties should also be maintained and nurtured by the communities.
Participatory selection of varietal programme in collaboration with local KVKs and research stations
should also be promoted to improve the existing varieties. The varieties, whose performance is assed
collectively by farmers and scientists in locality, help establish quality seed bank in the long run.

Steps to Establish a Seed Bank:
•

Orientation of VO members on importance of seed bank creation in VO meeting

•

Creation of sub-committee from among members for operation of seed bank in village

•

Survey of targeted HH and SHG member by the sub-committee

•

Selection of crop and its area

•

Identification of farmer as nodal person

•

Training and capacity building of farmers for community seed bank

•

Developing infrastructure and purchasing of pot for seed bank

•

Fixing of seed price by sub-committee in VO meeting

•

Procurement of good quality seed

•

Seed storage as per standard guidelines of storage

•

Training on priming and seed treatment to the farmers

•

Distribution of seeds before the planting season

It is preservation of seed with initial quality until it is needed for planting. The ability of seed to tolerate
moisture loss allows the seed to maintain the viability in dry/rainfed conditions. After harvesting,
the seeds are either stored in warehouses or in transit or in retail shops. The farmers can use superbags of
varying sizes for storing seeds in their houses. Farmers also use local methods such as binding seeds in
hay mats (paddy-straw/husk of wheat). They can also use traditional knowledge such as using the neem
leaves, onion, unripen turmeric to safeguard the seeds from insect and pest infestation. A farmer should
follow the following steps before storage: The farmer should continue to use airtight earthen bins (kothi)
which is being practiced in Indian villages since long. The farmers can also use metallic bins available
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easily in the markets. The seed should be collected from fully matured and healthy fruits/pods. By drying
into the sun light, the moisture of the seed should be brought down below 10 per cent. The seed should be
free from other raw materials such as stone, gravels, sand, seeds of other varieties/other seed and other
impurities.

Fig. 4 : Indigenous post harvest storage (photo credit: Ajjeevika Mission,CG)

II. Priming of Seeds
Seed priming is a process of regulating the germination by managing temperature and seed moisture
content. Seed priming is not a common practice among farmers in India. Seed priming helps in segregating
the productive seeds for good crop cultivation. The seed with high vigour also contributes to productivity.
The infected and infested seeds are segregated from the lot of seeds. Only those seeds, which have good
viability, are left. The normal shining packets available in market also have 4-11per cent of poor seeds in
the lot. These seeds produce poor crop which easily gets infested by disease and pests. This is done to
segregate productive seeds for crop cultivation. This also helps in economising seed rate and removes the
unviable seeds.

Fig. 5 : Seed Priming : A SLACC worker of BRLPS involved in priming (photo-SLACC, BRLPS, Gaya)
and women involved in priming of paddy seeds –APPI-PRAN-SRI project photo from Nawada, Bihar)

Practical 1 : Priming of Paddy seeds
Practical content:
•

Seed- 2 kg

•

Bucket with water - 1( 5 lit)

•

Egg/potato- 1 nos

•

Salt- 2 kg
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Process: Prepare a brine solution using common salt, egg or potato. Mix salt in water till the egg or
potato comes to the surface of water. If one-fourth of egg or potato is visible, stop adding salt to the water.
While moving your hand in water holding the egg or potato, ensure that the salt added to the water is
properly dissolved.
Remove the egg or potato out of water and keep that aside. The solution thus prepared is brine solution.
Put the paddy seeds into the brine solution. Take double volume of water as compared to the quantity of
paddy seeds and allow this solution to rest for a while. After few minutes, the paddy seeds in the salt
water get divided into three layers. The surface layer of seeds are chaffy and infected seeds which will
come on the surface. The second layer neither settles down nor it comes on the surface. It is in between
the surface and bottom of the pot. The third layer settles at the bottom in the pot.
Remove the first layer by filtering with hand from the upper surface. The middle layer paddy seeds will
come out only when water is allowed to drain by tilting the pot. The middle layer seeds come out along
with water. These are also underweight seeds which should be removed in the production process.
The bottom layer paddy seeds should be cleaned with water thrice or four times so that the salt is completely
removed. After that, paddy seeds should be tied in a jute bag and drowned in water for 18-20 hours and
now the priming of seeds is complete.

Practical 2: Priming of Wheat, Pulses, Vegetables
Practical content:
•

Seed- according to seed rate

•

Water - at lukewarm temperature, (temperature between 54-60 °C) just double of seed quantity

•

Cow urine - 10 per cent of water quantity

•

Jaggery- 10 per cent of seed quantity

•

Vermiwash- 5 per cent of water quantity

Process
The farmer should procure a sieve for sorting uniform seeds from seed varieties which is commonly
procured from market or research stations. Particularly, sieve is required for wheat and other field crops.
The sieve may not be required for very small seeds, e.g. vegetable seeds. Take double the quantity of
lukewarm water and add seeds to it. Allow the seeds to settle down. The seeds which float on the surface
are filtered and removed from the water. After that, add 20 per cent of the cow urine and 10 per cent of
jaggery to the mixture. The mixture is allowed to stay as such for eight hours. Further, the seeds are
filtered and spread on the surface. Add liquid vermiwash, mix the solution thoroughly and allow it to
partially dry.
The benefits of priming:
•

Priming enables seed to germinate and
emerge even under adverse agroclimatic conditions such as cold and wet
or extreme heat.

•

Uniform emergence helps optimise
harvesting efficiency, further increasing
yield potential. If all the plants emerge
at the same time, they will likely mature
at the same time for harvest.

•

Priming also helps improve vigour for
fast and healthy plant development.
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Fig. 6 : A woman involved in priming of wheat seeds
(Photo credit: PRAN SRI project in Gaya, Bihar)

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)

Seed/Seedling Treatment
The farmers should compulsorily treat their seeds/seedlings initially just after priming so that it is affected
less by insects, pests and diseases during its life cycle. By treating seeds/seedlings, the inherent ability
and initial requirement of nutrition is also met and the crop develops immunity, which helps crops/plants
to resist diseases and pest infestations during its growth period.
Advantages
•

It eradicates seed-borne disease or protects seed from soil-borne pests and diseases

•

It optimises ease of handling and accuracy of planting (reduce gaps in stand or the need for thinning
of seedlings, particularly when mechanical planters are used)

•

It improve germination rates in conventional production

•

It prevents disease in the field

•

The seed/seedling surface gets treated with fungicides/onsecticides/bio-fertilisers for better
performance

•

It helps plant in preventing soil-borne disease.

Practical- 1
1. Seed Treatment for Paddy
Material required:
• Paddy seeds (priming done)-2kg
• Sribeejamrit-4l
• One Pot (10 lit)
Process
After priming of paddy seeds, the seed treatment is done. The paddy seed is drowned in the solution of
freshly prepared Sribeejamrit for 20 to 25 minutes. After this, the seeds are taken out and spread on the
surface on a jute bag. After treatment with Sribeejamrit, the paddy seeds are partially allowed to dry.
After that, treatment is done with Trichoderma @ 20gm per kg of paddy seeds. It is further spreaded and
dried partially and tied in a jute bag. The tied jute bag is placed under shade and at a dry place for 15 -16
hours for germination of seeds. During this period, water can be sprayed to keep the seeds moist. It
should be noted while spraying of water that water drops do not fall down, just moist condition should be
maintained. After sprouting, the seeds should be used for nursery raising.

Fig. 7 : After first treatment with Sribeejamrit, the women are treating paddy seeds for
second time with Trichoderma Powder (Photo credit: APPI-PRAN-SRI-Project, Nawadah, Bihar)
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Practical-2
2. Seed Treatment for Wheat and vegetables
Material required:
•

Seeds: As per prevailing seed rate

•

Sribeejamrit: Double of the seeds quantity

•

Trichoderma: 20 gm/kg of seed quantity

Process
After priming, the seeds should be kept inside the solution of Sribeejamrit for 20-25 minutes and then
taken out and partially dried before it is treated with Trichoderma @ 20 gm per kg of seeds. This should
be kept overnight for sprouting and direct sowing in the field.
Practical -3
3. Seed treatment for Pulse Crops and Leguminous Vegetables Seeds
Seed: As per prevailing seed rate
Sribeejamrit: Double of the seeds quantity
Trichoderma: 20 gm/kg of seed quantity
Rhizobium: Half kg packet of specific pulse or leguminous vegetable seeds
Process
After priming, the seeds should be kept inside the Sribeejamrit solution for 20-25 minutes and then taken
out and partially dried before it is treated with Trichoderma @ 20 gm per kg of seeds. This should further
be partially dried and treated with Rhyzobium culture of specific crop. The Rhyzobium culture should be
mixed with lukewarm water before seeds are mixed with it gently and kept for few hours in the shade
before sowing in the field.
How to prepare Sribeejamrit for the first treatment of seed?
It is a natural liquid formulation which is made from the following ingredients:
Material required :
•

Cow Urine: 200 ml

•

Dung: 200 gram

•

Lime: 2 gram

•

Clean water: 1 litre

•

Soil rich in microbes (soils taken from pond, graden, bunds or a place where chemical fertilisers
have not been used and soil is rich in microbial population). The soil below the trees, can also
absorb oxygen due to availability of microbial population and remain intact. This soil should be
taken from 50-100 grams.

Process:
After crushing, all these items should be mixed with help of a wood in a plastic pot and kept for 24 hours
before it is mixed and filtered with a clean cloth. The solution thus prepared is called sribeejamrit. The
solution is used for first treatment of most of the seeds. The quantity of Sribeejamrit should be increased
or decreased in similar proportions depending upon the quantity of seeds used for growing crops.
In seed treatment, we should follow the principles of FIR (Fungicide, Insecticide and Rhizobium).
Accordingly, the first treatment should be done with fungicide, followed by insecticide and rhizobium. If
we treat seeds with biofertilisers, it should be done on similar principles.
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The benefit of seed treatment leads to increased germination and ensures uniform seedling emergence. As
already seen, it protects seeds and seedlings from early season diseases and insect pests, thereby improving
crop emergence and growth. It is estimated that 80 per cent of the seeds sown in our country are untreated
as against 100 per cent seed treatment practice in developed countries. Seed treatment also gives protection
to the emerged seedlings from sucking insect pests.
Source of Seed: At public sector level, the National Seed Corporation and State Seed Corporations are
producing quality seeds and distributing them to the farming community. The quality seeds produced in
government-owned seed farms and farmers holdings under seed farm agreement condition are being
distributed through Agricultural Extension Centres to the farming community. The seed multiplication
programme is handled by the Agricultural and Horticultural Departments in their State Seed Farms. There
are certain practical difficulties in the production of quality seeds in government-owned farms by the
Agriculture and Horticulture departments, which are now responsible for non-availability of adequate
quantities of seed materials to the farmers. The farmer should also procure seeds from reputed research
stations as well as private agro companies.

Plant Extracts and Oils
Evaluating plant extracts and oils as seed treatments is a new research area so there is currently little data
on their efficacy. However, plant oils such as thyme, cinnamon, clove, lemongrass, oregano, savory and
garlic show some potential to suppress damping-off. It is found that thyme oil is used in Europe for seed
treatment. Pure soybean or mineral oils proved to reduce storage molds of maize and soybean. Further,
research on the disease suppressive potential of these oils is necessary to determine the viability of essential
oil-based seed treatment protocols.

Bleach Disinfection
Bleach (sodium hypochlorite) can be used to surface-disinfest seeds as an alternative to hot water. Bleach
will eliminate pathogens on the seed surface, but will not eliminate pathogens beneath the seed coat.
Sodium hypochlorite is allowed for use on organic farms to disinfect wash water, provided that the levels
not exceed the maximum residual contamination levels of the Safe Drinking Water Act, which currently
is 4 ppm expressed as chlorine [40 CFR 141.65].

Biological Seed Treatments
Biological seed treatments, alone or in conjunction with priming and pelleting processes, may have potential
in some situations for improving seedling health. In studies evaluating the efficacy of these microorganisms
as seed treatments or drenches, results have been inconsistent.
Products that are currently commercially available include Kodiak (Bacillus subtilis, Bayer CropSciences),
Mycostop (Streptomyces grieseoviridis, Verdera), SoilGard (Gliocladium virens, Certis), T-22 Planter
Box (Trichoderma harzianum, BioWorks), Actinovate (Streptomyces lydicus, Natural Industries).
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8. System of Rice Intensification (SRI) in Paddy
- Anil Verma and V. Srinivasa Rao

Introduction
SRI stands for System of Rice Intensification which refers to efficient management of crop and soil. It
was started in 1980s as a system of rice intensification by a Jesuit Priest, Father Henry D. Laulanae in
Medagaskar. It was popularised in India and various other countries (70) by Dr. Norman Uphoff, exProfessor, International Agriculture, Cornell University, Ithaca, USA. In India, it started in 2000-2001
through Dr. Thyagarajan, ex-Dean, Tamil Nadu Agriculture University and various civil society
organisations and State Rural Livelihoods Missions under NRLM, MoRD, New Delhi. In Bihar, the
principles of SRI were successfully demonstrated during 2007-08.
The basic principles of SRI-paddy are as follows:
•

Young age seedlings

•

Use of organic manures and fertilisers and plant protection measures

•

Use of cono-weeder for aerating soil

•

Alternate wetting and drying

•

Proper spacing of seedlings

•

Priming and treatment of seeds/seedlings

The effect of climate change is being seen in agriculture. Farmers in both flood prone or drought-prone
areas have started experiencing the effect of climate change. The non-uniform distribution of rainfall,
variations in temperature and delay in monsoon have affected the cultivation of paddy crop significantly.
Under growing population and the climate variability, SRI and its principles is a way forward to feed the
nation. Adopting such water management technologies will sustain the natural resources and livelihoods
of small and marginal holders.

Addressing Food Insecurity through Appropriate Technologies: System of Rice Intensification
(SRI)
In SRI method, root intensification
enhances nutrient mobility and aeration to
the crop. In addition, SRI uses

SRI

Normal



Low external inputs (seed, fertilisers,
water and labour) to make it accessible
to resource poor families. This leads to
cost-effective crop economy.



Household Food Security: High
productivity to ensure enhanced
availability of home-grown foodgrains to
small and marginal farmers.



SRI compared to normal method
SRI is an inclusive system that ensures
sustainability (conserving precious soil,
water and environment carrying capacity for future generations).

Fig. 1 : Enhanced root volume and length of

The System of Rice Intensification (Srividhi) was demonstrated in the field and the productivity was
almost doubled. The demonstration and field trials carried out by various stakeholders have generated
interest among farmers. In several states like Tripura, Tamil Nadu and Andhra Pradesh, large number of
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farmers have experienced the advantages of SRI. The extension mechanism to scale up this programme
need to come forefront and make this an integral part of the extension systems prevailing in the country.
It should be promoted unilaterally as it is advantageous over improved paddy cultivation methods.
•

It requires less seed rates of 2 kg per acre as compared to 20 kg per acre under improved paddy
cultivation.

•

With availability of weeder, the labour cost reduces by 21 per cent.

•

It requires less chemical fertilisers as compared to normal cultivation and saves the soil from health
hazards.

•

The productivity under SRI is doubled.

•

It suits the need of small and marginal farmers.

•

It has capacity to feed large population

•

It will ensure high productivity ensuring good soil health condition.

•

The scarcity of good quality seeds will be addressed as seed rate is reduced by 90 per cent.

•

It requires less water and seed, and matures early, comparatively in less number of days.

•

It has more capability to sustain climatic hazards like erratic rainfall, dry spells during rainy season,
thus also suitable for rainfed area.

•

The damage caused by rats is less as compared to improved cultivation of paddy.

•

Poor agricultural labourers get more wage per harvesting days where wage is given in kind.

•

The cost of cultivation is less as compared to normal paddy.

•

Benefit-cost ratio is higher than improved
cultivation of paddy.

SRI cultivation
Deep summer ploughing and promotion of
green manuring through Dabholkar method adds
large organic matter in the soil which enhances
its water holding capacity, permeability and soil
aeration necessary for growing of crops and
plants. The improvement in physical properties
such as soil structure and soil texture add to the
overall improvement of soil and nutrient
availability to the plants.

Fig. 2 : Pre-Ploughing (Dabholkar)
and after incorporation of green manure into soil

A BRLPS–PRAN-SLACC demonstration at Madhubani, Bihar
Land preparation: Seeds of 40 kg/acre are broadcasted after first rainfall/onset of monsoon, which consist
of 4 parts of cereals: 2 parts of pulses: 0.5 part of oilseeds and 0.5 part of spices grains. After 35-40 days
of broadcasting, when the actual rainfall starts, the green manure raised is incorporated into the soil to
make the main plot ready for transplantation (SRI method). In initial years, it is required to see the status
of the organic carbon in the soil.

Priming of Paddy Seeds and Seed Treatment
Priming/screening of seeds at the time of sowing is a common practice to be followed. Screening helps in
segregating the productive seeds for good crop cultivation. The seed with high vigour contributes to
higher productivity. The infected and infested seeds are segregated from the lot of seeds. Seeds which
have good viability should be selected for nursery. Normal shining packets available in market also have
4-11 per cent poor seeds in the lot. These seeds produce poor crop which easily gets infested by disease
and pests. Refer unit on importance of seed/planting material in crop production for details.
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Raising of Nursery and its Management
For one acre of SRI cultivation
Select 30 ft long X 30 ft wide piece of land area close to the main field. 150-200 kg of Sripranamrit
compost may be spread on the field before last ploughing. Wet bed nursery for SRI has been found more
suitable. For practical purpose, following steps are followed:
•

Select a piece of land near the main plot and irrigation source

•

After 10-15 days of composting, plough the land with a heavy plough

•

Make 5 beds of 30 ft length and 5ft width at 1 ft interval

•

Make channel of 0.5 ft depth and 1 ft width between two beds

•

Make 1 ft width and 0.5 ft depth channel outside the bed

•

Put compost or vermicompost and spread it over all the beds in layers of 3-5 cms

•

The germinated seeds should be equally divided into five equal parts as there are five raised nursery
beds.

•

Pour the seeds on each bed one by one (as onion) in a uniform way

•

The seeds then should be covered with vermicompost or hay (in the absence of vermicompost)

•

The water should be supplied through a drainage channel

•

After three days, the hay (if used) should be removed

•

The bed should remain moist. To maintain it, irrigation should be given in irrigation-cum-drainage
channel

•

In 7-8 days, seedlings become ready to transplant. Use two leaf stage seedlings for transplanting

Fig. 3 : Paddy nursery for SRI

Transplantation
A day before transplanting farmer should ensure the following:
•

Availability of tagged rope (tagged at 10 inches)

•

Medium and large farmers can get the marker ready

•

Medium and large farmers can get trained labourers for transplantation

The prepared land should be left overnight or for 6-8 hours so that the dense soil solution on the surface
settles down. The drainage channel measuring 6 inches wide and 6 inches deep should be made all around
the main field from inside.
Uprooting of seedlings should be done very carefully. The seedling is uprooted alongwith the soil attached
to the root zone of the plant to retain similar and natural micro agro-climatic conditions around the root.
If the water in the nursery bed is dried-up, adequate water should be supplied to the nursery bed just a day
before transplanting. It will facilitate easy uprooting and damage to the root zone will be minimal.
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The uprooted seedlings should be transplanted within 15-30 mins to the main field. It should be carried
from nursery to the main field with minimal damage to the root zone of the young paddy crop. There
should be surface transplanting at 25 X 25 cm wider spacing. The seedling should not be pushed deeper
inside the soil, rather it should be shallow surface transplanted. Two leaf stage seedling is best for SRI
cultivation.
If water content is more in the main field, at the time of transplanting, it must be drained out as the
seedlings are too young (8-12 days old). Light watering may be done on 2nd or 3rd day of transplanting.
With the help of tagged rope, transplanting is done at 10 inches apart. After every 15thline, one line should
be transplanted leaving 30 cm space for drainage channel. This spacing facilitates aeration and light, and
excess water, if any, is drained out through it. In case of dry spells, it also helps in sustaining minimum
moisture in the field comparatively for a longer period. A 30 cm wide spacing drainage channel measuring
25 cm wide and 25 cm deep should be made simultaneously.

Fig. 4 : Ongoing transplantation of SRI-Paddy (Photo-PRAN-SDTT –SRI project)

Nutrition Management
•

Sripranamrit-four quintals per acre-two quintals at transplanting, one quintal at first weeding and
one quintal at second weeding.

•

Apply Srijeevamrit-200 litres per acre, per application after Dabholkar green manuring, just before
transplantation, 1st weeding and 2nd weeding.

•

After panicle initiation and filtering Srijeevamrit with a plain cloth, 10 litres of Srijeevamrit in
100 litres of water should be sprayed per acre.

•

Phosphatic Solubilising Bacteria (PSB) 8kg/acre and Trichoderma virdae 10 kg/acre should be
sprayed/applied on the soil. PSB half dose at 1st weeding and half dose at 2nd weeding should be
incorporated to the soil. Similarly, Trichoderma virdae and PSB along with other organic formulation
should also be used on the soil and crop, when sufficient moisture is there in the soil.

•

Alternate sprays of Sriamritpani and Srimathhastra keep plants healthy during its life cycle.
Srijeevamrit and Sriamritpani should be stopped at the time of maturity of the plants.

•

To meet the requirement of nitrogen, 20 per cent Srigajramrit can be sprayed as and when required.

•

Markers lines may be drawn before transplanting to facilitate square transplanting.
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Fig. 5 : Various natural/organic fertilisers and pesticides being prepared and used in SLACC project

Weed Management
Under SRI, weed is not treated as enemy of the crop, rather they are also made part of enhancing productivity
of the crop. Inter-cultivation using cono-weeder is a crucial part of the entire SRI component. The first
weeding is done between 12 to 15 days after transplanting using mandwa or cono-weeder. It should be
done in both ways. Second weeding is done between 25-30 days after transplanting. Cono-weeder should
at least be used twice during SRI. It should be used at proper intervals because delay in weeding affects
tillering and more number of tillers running a weeder might be a concern later-on.
Weeder cuts the weeds and adds organic matter to the soil. It makes the soil lighter and breaks the thin
sheet layer on soil surface to provide more aeration in the root zone of the crop.
It enhances the growth of roots and enables them for more nutrient and moisture uptake from the soil.

Fig. 6 : The farmers weeding their plots (photo-BRLPS-SLACC and SDTT-PRAN-SRI project)

Water Management
Water management is an important component of SRI. At the time of transplanting, only a thin film of
water is maintained in the field. The excess water from the puddled land should be drained out as seedlings
are young and are in the two-leaf stage. With standing water, the seedlings will be destroyed. After two
days of transplanting, light irrigation may be provided so that the roots of the plants remain moist. Only
one cm of water is sufficient for SRI crop during the tillering phase. More standing water restricts tillering
of paddy as young tillers die due to excess water and do not come out of the soil surface. At the time of
weeding there should be sufficient water in the plot to facilitate weeding operation. The required additional
water should be added before weeding and excess water must be drained out after weeding.
Alternate wetting and drying facilitates more tillering. The stagnation of water should be avoided. The
land should be kept moist and not flooded as in normal cultivation. However, after tillering during booting
stage, a thin film (1-1.5cm) of water is essential in the plot for proper growth of grain filling in the crop.
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Plant Protection
Pheromone traps and stick plates can be used
for controlling the pest population.

Harvesting of SRI-Paddy
The crop should be harvested at its
physiological maturity. When panicles of paddy
bow down after maturity, it is the right time to
harvest paddy crop. At this time, the crop might
not turn completely yellow in colour. If we do
not harvest at the right time, amylase content
in the grain rises to a higher level and the rice
after milling starts breaking into smaller one,
Fig. 7 : Plant protection measures in SRI-Paddy grown under
BRLPS-SLACC project
affecting the market value. When a farmer
leaves the crop for long even after physiological
maturity, the concentration of oxalate in the hay of paddy enhances.When animals eat these as feed, they
get infected. Harvesting at the right time provides quality rice to farmers and quality feed to animals.

Fig. 8 : A photo from PRAN’s SRI-Paddy project

Yield Estimation
An iron rod of 1 sq.m should be made and five samples should be collected from a farmer’s field i.e., two
samples from average stand of the crop, two samples from weak stand of the crop and one sample from
good stand of the crop. The average, weak and good qualities of the crop should jointly be decided by the
farmers and officials.
After extracting the grains, first of all, moisture
of grain should be measured using digital
moisture meter. The average yield is estimated
at 14 per cent grain moisture.
If SRI is done for the first time in the area,
similar yield estimation is also done for normal
paddy cultivation. The farmers and officials or
scientists should be able to experience the
differences in grain yield. This helps farmers
to have yield experience of both traditional and
SRI methods.
Fig. 9 : Ongoing Crop Cutting in Paddy (BRLPS-SLACC Project)
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9. Direct Seeded Rice (DSR)- Adaptation Technology for
Climate Change in Semi-Arid and Tail-end Command Areas
- K. Krishna Reddy and V. Srinivasa Rao

Introduction
Normally, water is delivered late to the tail end of the canals in many irrigation projects and it results in
uncertainity in supplies and yield reduction. To overcome this, direct seed sowing method has been practiced
by farmers in tail end of the canal system as an adaptation practice. The direct sowing method varies from
the traditional method of transplating of seedlings in the main field. The conventional seedling
transplantation method requires 300 mm of water during the nursry and puddling. But, direct seed sowing
can be started with the onset of monsoon.

Land Preparation
After the onset of monsoon (normally June/July), land
is ploughed and levelling is carried out to overcome
the water stagnation in the uneven areas. In direct
sowing method, land should not be puddled as in the
traditional method.

Sowing and Seed Rate
Sowing is done when sufficient soil moisture is
attained with the precipitation. Seeding equipment
should be used to make holes of 2-4 cm width and 47 cm depth with equal gap between the holes. In
traditional method, 50-65 kg/ha of seed is used for
nursery raising. But in case of direct seed sowing,
seeds are sown directly in the main field at the rate of
30 to 45 kg/ha. The seeds are sown with a spacing of
30 X 10-12 cm with seed drill.

Fig. 1 : Land preparation

Weeding
The weed growth is the major problem in this method. Weed problem is addressed by following measures.
•

Watering the land during May, June and ploughing

•

After sowing, within 2-3 days before the seeds germinate, farmers can take up spraying of Pendimethalin
1lt or pretilachlor along with safener (sofit) 600 ml mixed with 200 litres of water and sprayed over
for the one acre. The higher the content of the moisture in the soil the better they work (Pre emergence).

•

After seeding, within 20-30 days, 400 ml of cyhalofop butyl and 400 ml of 2, 4-D (for broad leaf
weed) or 80 ml of bispyribac sodium per acre should be sprayed in order to kill the germinated weeds
(Post emergence).

•

Dhaincha (green manure crop) can be grown in rice fields to control the weed germantion and soil
moisture. In addition, it will also increases the nitrogen content of the soil.

Fertiliser Management
Recommended dose of N:P:K for the Guntur district is 160:40:40 kg/ha, respectively.
•

Apply 1/3rd N, total P and half K as basal along with sowing. Care should be taken that seed can be
sown in 2-3 cm depth and fertiliser in 5-6 cm depth.
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•

In some areas, initial basal dose has not been followed by
the farmers and they will apply at later stages of crop growth
as per the moisture availability after 30 DAS.

•

Apply another 1/3rd of N at active tillering and remaining
1/3rd at panicle initiation stages.

•

Top dress half of the recommended potash at panicle
initiation in addition to the half of potash at basal.

•

Drain out the field before N top dressing and irrigate the
field after two days only.

•

Fig. 2 : Fertiliser application
Use coated or modified urea materials like neem-coated
urea, sulphur-coated urea, coal tar-coated urea and gypsumcoated urea as basal where top dressing is not possible due to excess water.

•

For correction of zinc deficiency in standing crop, spray zinc sulphate 0.2% solution three times at
five days intervals.

Water Management
•

For the first 45-60 days, crop survives under
rainfed condtions in the black cotton soils. In
coarse or light soils, irrigation has to be
provided within 20-30 days after sowing

•

If any prolonged dry spell occurs, supplemental
irrigation has to be applied.

•

At later stages, crop should be irrigated as
irrgated dry crop based on water availability
in the canal.

Fig. 3 : Water management

•

In the water assured conditions or availability of supplementary source, alternate wetting and drying
can be followed. This improves the yield in the direct seeded method.

•

Care should be taken that crop should not suffer from moisture stress during critical stages (panicle
inititation, tillering and grain maturity stages)

•

Uniform level of field is crucial for good water management.

•

Draining of the field is essential at the time of maximum tillering when organic manures are applied
basally.

•

Water should be drained prior to top dressing of nitrogen fertilisers and re-flood the field after 48
hours.

Water measurements in the field were carried out by fixing RBC flumes in the farm inlet and outlet. The
effeictive rainfall was also considered in calculating the total water applied.

Plant Protection
At tillering stage:
•

Stem borer, Thrips: Spray monocrotophos 36SL @ 1.6 ml/l or chlorpyrifos and hispariphos 20 EC @
2.5 ml/l or quinolphos 25 EC @ 2.0 ml/l or phosphamidan 40 SL @ 2.0 ml/l of water.

•

Gall midge: Apply phorate 10G @ 12.5 kg/ha or carbofuran3G@ 25 kg/ha at 15 DAT in one or two
inches of standing water.

•

Leaf folder: Spray profenophos @ 2.0 ml/l or monocrotophos 36SL @1.6 ml/l or chloropyriphos
20EC @2.5 ml/l or quinolphos 25EC @ 2.0 ml/l

•

Leaf mite: Dicofol @5.0 ml/l or wettable sulphur @ 3.0 g/l or profenophos @ 2.0 ml/l of water should
be sprayed.
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Panicle Initiation to Booting Stage
Stem Borer: Cartap hydrochloride 50WP @2.0 g/l or acephate @ 1.5 g/l or profenophos @ 2.0 ml/l of
water or apply cartap hydrochloride 4G @ 8 Kg/acre when the egg masses or adult flies are observed in
the field.
Leaf folder: Spray cartap hydrochloride 50SP @2.0 g/l or acephate @1.5 g/l or profenophos @ 2.0 ml/l
of water.
Panicle mite: Spray profenophos @ 2.0 ml/l or dicofol @ 5.0 ml/l or water
BPH/WBPH: Spray Acephate @ 1.5 g/l or monocrotophos 36 SL @ 2.2 ml/l or ethofenpros 10 EC @ 2.0
ml/l or enthiocarb50 EC @ 2.0 ml/l or imidaclprid @ 0.25 ml/l or thiamethoxam @ 0.2 g/l of water
Note : 200 litres of spray fluid is sufficient to cover one acre and the spray should be directed towards the
base of the plant. Alternate the chemical if second spraying warranted. Drain out the field after spraying
for two or three days.
Diseases
•

Blast: As soon as the disease is noticed, spray tricyclozole 75WP @ - 0.6 g/l or edifenphos 50EC @
1.0ml/l of water. A need-based second spray may be given 10 days after the first spray. In neck blast
endemic areas, tricyclozole 75WP @ - 0.6 g/l may be sprayed at advanced boot leaf stage. If needed,
after emergence of panicle edifenphos 50EC @ 1.0 ml/l may be sprayed. Delay top dressing of N
fertilisers when infection is noticed.

•

BLB: Reduce N application and apply N in more split doses

•

Sheath blight: As soon as the disease is noticed, spray propiconozole 25EC @ 1.0 ml/l or hexaconozole
5 EC @ 1.0 ml/or validamycin SL @ 2.0 ml/l of water. If needed second spray should be given 15
days after the first spray by altering the chemical. Reduce or delay top dressing of N fertilisers and
apply in two or three split doses.

Rodent Control
Bait station prepared with coconut husks should be placed at the four corners of the field and one at the
centre. They should be kept one metre inside in the crop from the field bund. Bait station should be
installed two weeks after transplanting till crop maturity. Put 100-125 grams of bromodioline bait in each
bait station and regularly replace the bait at four days’ interval or put 15 grams of bait prepared with 96
grams of rice, two grams of oil and two grams of Bromodioline in each rat hole.
Tabel 1 : Findings of demonstrations conducted at farmers’ fields
S.No.

Activity

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Seed rate (kg/ha)
Days to transplant
Cost of nursery including seed, transplanting (Rs)
Labour required for transplanting/seeding operations
Spacing (cm)
No. of hills/sq-metre
No. of effective tillers/hill
No. of grains/panicle
Days to maturity
Water utilised (mm)
Yield (kg/ha)
Water use efficieny (kg/ha-mm)
Total variable cost of cultivation (Rs)
Gross returns (Rs/qt) @993/ - (2010-11) & 1000/- (2011-12)
Gross margin (Rs/ha)
Benefit-cost ratio
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Traditional

DSR

60-75
30-35
10170
25
30 X15 (zigzag)
21
12.10
118
152
1291
4565
3.53
40511
45331
4820
1.11

30-40
0
1540
2
30 X10-12
23.60
11.40
117
146
995
4753
4.77
36211
47198
10987
1.30
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715
46458
625
16456
285
17366
63823
46
1132
204
6000
57676
-6148
1398
0.90
12910
0.35

589
38261
625
16456
285
17366
55626
48
1132
198
6000
59804
4178
1170
1.08
9950
0.48

628
40814
750
17000
296
18046
58860
67
1152
208
7000
84622
25762
874
1.44
8680
0.78

15732

0
2400
1540
9000
6214
1200
4100

DSR

764
49675
750
17000
296
18046
67721
66
1152
215
7000
82606
14885
1032
1.22
11270
0.58

15652

1423
5787
6720
8240
6324
1000
3765

Traditional

2011 Kharif

780
50689
750
19320
335
20405
71093
60
1857
212
10000
121420
50327
1185
1.71
11090
0.54

19179

0
3825
2348
13274
6678
1780
2825

DSR

993
64542
750
20526
355
21631
86173
54
1857
217
10000
110278
24105
1596
1.28
13320
0.41

17012

1764
5234
8565
16184
9425
1155
4210

Traditional

2012 Kharif

946
61484
750
27900
478
29128
90611
68
1710
210
11000
127280
36669
1333
1.40
14680
0.46

21824

0
4762
2852
14794
7254
1984
7068

DSR

1182
76846
750
27082
464
28295
105142
66
1710
213
11000
123860
18718
1593
1.18
16520
0.40

21786

2282
5431
8903
17856
9548
2108
7750

Traditional

2013 Kharif

Water Use Efficiency (WUE) is defined as the amount of produce obtained per unit of water used.

14647

14721

@

1150
5687
6440
7221
6123
899
3576

Traditional

2010 Kharif

0
2200
1540
8000
6011
1000
4200

DSR

* Water data from field observations, n=50,

Nursery preparation (INR/ha)
Main land preparation (INR/ha)
Seed & Sowing (INR/ha)
Manures & Fertilisers (INR/ha)
Plant protection (INR/ha)
Cost of irrigation (INR/ha)
Weeding (INR/ha)
Harvesting, Threshing
Winnowing & Transportation
(INR/ha)
Interest on Variable Cost
(IVC) (INR/ha)
Total Variable cost (INR/ha)
Land tax (INR/ha)
Land lease amount (INR/ha)
Interest on Fixed Cost (INR/ha)
Total Fixed cost (INR/ha)
Total Cost (INR/ha)
Yield (qt/ha) (INR/ha)
Price realisation (INR/qt)
Straw Yield (qt/ha)
Straw Price (INR/ha)
Gross returns (INR/ha)
Net returns (INR/ha)
Production cost (INR/100Kg)
B.C Ratio (INR/ha)
Water Utilised (m3/ha)*
WUE (kg/m3)@

Particulars

Table 2 : Cost variation in DSR and traditional methods

862
56040
750
29716
508
30973
75540
68
1720
212
10000
127354
51814
1107
1.69
10790
0.63

15950

0
4357
2315
13198
13559
1700
4098

DSR

1064
69130
750
29631
506
30887
88895
67
1720
222
10000
125491
36596
1324
1.41
13530
0.50

15885

3023
9555
7976
13483
13183
1700
3262

Traditional

2014 Kharif

Benefits from the direct sowing method
•

A saving of Rs. 3000-4000 was observed in the first stage.

•

A 20-40 per cent of reduction in water usage compared to transplantion method.

•

Harvesting can be done in 7 to 10 days ahead.

•

As seeding is done by the tractor, nursery and the transplantation labour is not required.

•

Dependency on the labour is reduced, as this process can be done by using the machines.

•

Water usage in this process is 7.99 to 4.77 kg/ha-mm compared to the traditional process using
5.82 kg/ha/mmto 3.53kg/ha-mm. (Table 1)

•

Because of the recent advances in improved efficiency of pesticides and herbicides, initial growth
phase of the weeds can also be eradicated.

•

In this method, the growth of panicles is 25-27, whereas for the traditional method it was only 2122.

•

Transplantation method needs 8-10 labourers (which is equivalent to 10 labour days) where as in
the direct-seeding method, one person can work for one hour to finish the seeding process.

Direct Seed Sowing-problems and suggestions
If greater amount of seed is used than recommended
•

Some panicles develop without any grains.

•

Chances for the crop lodging.

•

More number of pest incidences.

•

Amount of nitrogen supply will be decreased.

Reasons for having a lower rate of germination in some cases may be due to:.
•

Deep seeding.

•

Formation of hard layer of soil over the seed.

•

Germination layer having less amount of moisture.

•

Usage of lower or cheap quality seeds.

In order to avoid the above-said problems, appropriate amount of moisture in the soil has to be maintained.
In case of lower amount of moisture, water has to be provided after the seeding. This helps in the uniform
germination of the crop and also the growth of the crop will be good. The density of the crop will be good
and the entire crop comes to harvest at the same time.

For better yields in direct sowing method
•

Need to make sure that the field is leveled uniformly

•

Seeds should not be sown more than 3 cm depth.

•

Proper and effective herbicides should be used within two days of seeding.

•

Immediate irrigation (within 7-15 days) should be avoided.

•

The crop needs to be irrigated in alternate wetting and drying process once the water has been
absorbed, until maturity. Once the crop has reached the maturity, we need to make sure there is no
scarcity of the water.
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10. Machine Transplantation - Labour and
Water Saving Practice in Rice Farming
- K. Krishna Reddy and V. Srinivasa Rao

Background
Rice is a labour-intensive crop and requires about 50-70 labour days per acre from nursery raising to
harvesting. Timely availability of labourers for various activities related to rice farming is becoming a
problem for farmers and unable to take proper measures to protect the crop. The number of cultivators is
also decreasing due to the decline of the rural population and a shift towards other labour and business
activities. Water shortage due to the changing climate and monsoon trends is another challenge to the
farmers.
Hence, to overcome labour shortage and sustain rice production with less water, the recent phenomenon
observed is the use of machine transplanters and harvesters brought into the market by private firms. The
cost of the labour component in rice cultivation increased from 15-18 per cent to 45-47 per cent during
the last decade. Thus, farmers are going for mechanisation in recent years.

Package of Practices
a) Seedling Preparation
The main task in machine transplantation is the
nursery raising. It requires about 12-15 kg of seed per
acre (30 kg/ha). The rice nursery has to be raised in
the specified trays for machine transplantation. The
seedlings are raised in the trays with a growing
meidum containing soil, vermicompost, molassessugarcane by-product and major nutrients containing
urea, phosphorus and potassium. About 4-5 kg of this
soil-mix is required per tray and 70-75 trays are
required per acre. Each tray requires 165 gm of seed.
Fig. 1 : Nursery Rising
Water has to be sprinkled on the seedling trays for
15-18 days and then carry them to the main field for transplanting. The cost for a farmer to raise the
seedlings amounts to Rs.30 per tray.
b) Land Preparation
In machine transplantation, the other major important
component is land preparation.
•

Land shoud be well levelled

•

Puddled and a thin film of water should be
maintained for tranplantation with machine

c) Transplanting with Machine
The 15-18 days old seedlings are transplanted in a
field with a gap of 25 cm between the rows and with
16 cm between the plants. There is provision that
Fig. 2 : Transplantation of Seedlings
within plants spacing can be adjusted to 14/16/18 cm
measurement depending on the need. Seedlings grown
in trays are loaded into the machine as a mat, after taking out from tray.
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d) Water Management
•

Maintain 2 cm water up to tillering stage and later on 5 cm from panicle initiation stage to grain
maturity stage. This facilitates good tillering of the crop, increased N use efficiency and decrease
in weed infestation.

•

Uniform level of field is crucial for good water management.

•

Water should be drained prior to top dressing of nitrogen fertilisers and re-flood the field after 48
hours

e) Fertiliser Management
•

In irrigated lands, apply nitrogen @ 160 kg N/ha in three split doses.

•

Apply 40 kg P2O5/ha and 40 kg K2O/ha as basal and incorporate in soil.

•

Apply 1/3rd N as basal and 1/3rd at active tillering and remaining 1/3rd at panicle initiation stages

•

Top dress half of the recommended potash at panicle initiation in addition to the half of potash at
basal in light soils.

•

Drain out the field before N top dressing and irrigate the field after two days.

•

Use neem-coated urea as basal where application is not possible due to excess water

•

For correction of zinc deficiency in standing crop, spray zinc sulphate @ 0.2% solution three
times at an interval of five days.

f) Weed Control
•

Hand weeding may be done at 20 and 40 days after transplanting (DAT) in areas where manual
labour is available

•

Wherever labour scarcity exists, apply butachlor @2.5 kg/ha between 4-5 DAT or

•

Application of Oxadiargyl @ 90 g/ha at 4-5 DAT also control weeds effectively or

•

Apply Bensulfuron @ 1250 ml/ha at 3 DAT for the control of grassy weeds and sedges or

•

Apply 2,4 DEE @ 2.5 l/ha 3-4 weeks after transplanting which controls the broad leaved and
sedge weeds

•

Knapsack sprayer fitted with fan jet or flood jet (WFN 62, WFN 40) may be used for herbicide
spraying

•

Keep a minimum of 3 cm of standing water in the field before herbicide application

g) Plant Protection
At tillering stage:
Stem borer, Thrips: Spray monocrotophos 36SL 1.6 ml/l or chlorpyrifos and hispapyriphos 20EC 2.5
ml/l or quinolphos 25EC 2.0 ml/l or phosphamidan 40SL 2.0 ml/l of water.
Gall midge: Apply phorate 10G @ 12.5kg/ha or carbofuran 3G @ 25 kg/ha at 15 DAT in one or two
inches of standing water.
Leaf folder: Spray profenophos @ 2.0 ml/l or monocrotophos 36SL @1.6 ml/l or chloropyriphos
20EC @ 2.5 ml/l or quinolphos 25EC @2.0 ml/l
Leaf mite: Dicofol @ 5.0 ml/l or wettable sulphur @ 3.0 g/l or profenophos @ 2.0 ml/l of water
should be sprayed.
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Panicle initiation to Booting stage:
Stem Borer: Spray Cartap hydrochloride 50WP @ 2.0 g/l or acephate @ 1.5 g/l or profenophos @ 2.0
ml/l of water or apply cartap hydrochloride 4G @ 8 Kg/acre when the egg masses or adult flies are
observed in the field.
Leaf folder: Spray cartap hydrochloride 50SP @ 2.0 g/l or acephate @ 1.5 g/l or profenophos @ 2.0
ml/l of water.
Panicle mite: Spray profenophos @ 2.0 ml/l or dicofol @ 5.0 ml/l or water
BPH/WBPH: Acephate @ 1.5 g/l or monocrotophos 36SL @ 2.2 ml/l or ethofenpros 10EC @ 2.0 ml/
l or thiamethoxam @ 0.2 g/l of water.
Note: 200 litres of spray fluid is sufficient to cover one acre and the spray should be directed towards
the base of the plant. Alternate the chemical if second spraying warranted. Drain out the field after
spraying for two or three days.
h) Diseases
Blast: As soon as the disease noticed, spray tricyclozole 75WP @ - 0.6 g/l or edifenphos 50EC @ 1.0
ml/l of water. A need-based second spray may be given at 10 days after the first spray. In neck blast
endemic areas, tricyclozole 75WP @ - may be sprayed at advanced boot leaf stage. If needed, after
emergence of panicle, Isoprothidene @ 1.5 ml/l may be sprayed. Delay top dressing of N fertilisers
when infection is noticed
Bacterial Leaf Blight (BLB): Reduce N application and apply N in more split doses
Sheath blight: As soon as the disease is noticed, spray propiconozole 25EC @ 1.0 ml/l or hexaconozole
5 EC @ 2.0 ml/l or validamycin SL @ 2.0 ml/l of water. If needed, second spray should be given 15
days after the first spray, by altering the chemical. Reduce or delay top dressing of N fertilisers and
apply in two or three split doses.
i) Rodent Control
Bait station prepared with coconut husks should be placed at the four corners of the field and one at the
centre. They should be kept one metre inside in the crop from the field bund. Bait station should be
installed two weeks after transplanting till crop maturity. Put 100-125 grams of bromodioline bait in each
bait station and regularly replace the bait at four days interval or put 15 grams of bait prepared with 96
grams of rice, 2 grams of oil and 2 grams of bromodioline in each rat hole.

Field observations
The field observations from the farmers’ fields show that machine transplantation utilises less seed rate
and labour by 50 per cent. The nursery cost for the machine transplantation is higher as compared to the
traditional transplantation method. The other major observations noticed during the validation of practice
was that number of hills per sq.m and tillers in a hill are higher when compared to the manual
transplantation, resist lodging during heavy floods. The effective tillers (with panicle) in a hill range from
12-15 and also higher panicle grain number. The yield of rice was found to be increased by 6-7 qt/ha as
compared to the manual transplanting. The machine transplantation does not show any difference in its
total variable cost with the transplantation method.

Benefits of Machine Transplantation
•

Requirement of the seeds has been reduced by 50 per cent.

•

For traditional transplantation, we need 8-10 labourers per acre whereas, for the machine
transplatation, one person is enough to hand over the trays.

•

Uniformity in spacing (25/16 cm) between the plants helps them to grow well.
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Table 1 : Findings of demonstrations conducted at farmers’ fields during Kharif
S.No.

Item

Traditional

MT

1

Seed rate (kg/ha)

60-75

35-40

2

Days to transplant

30-35

15-18

3

Cost of nursery including seed (Rs/ha)

10170

12500

4

Labour required for transplanting/ seeding operations

25

3

5

Spacing (cm)

20 X15 (Zigzag)

25 X16

6

No. of hills/sq-metre

23.20

25

7

No. of effective tillers/hill

15.60

15.10

8

No. of grains/ panicle

121

123

9

Days to maturity

144

141

10

Water utilised (mm)

1265

1128

11

Grain yield (qt/ha)

64.11

71.04

12

Water use efficiency (kg/ha-mm)

5.06

6.29

13

Total cost of cultivation (Rs/ha)

45674

45712

14

Gross returns (Rs/ha) @ 993 (Rs/qt) (2010-11) & 1000 (2011-12)

64110

71040

15

Gross margin (Rs/ha)

18436

25328

16

Benefit cost ratio

1.40

1.55

Benefits from the Machine Transplantation
•

The crop growth will be advanced by 2-3 days.

•

Farmers experienced that the seedlings planted last year haven’t fallen off due to the heavy rains.

•

Yield advantage (6-7 q/ha) over the conventional method of transplantation

•

Water use efficiency is comparatively higher in machine transplanting

Disadvantages of Machine Transplantation
•

Seedlings older than 18 days are not suitable for machine transplantation.

•

Growing of the seedlings in the nursery requires a lot of skill.

•

While transplanting in the field,
there should not be any standing
water which means the field has
to be properly leveled.

•

Machines transplant 4-6 seedlings
in a single place. Instead, if the
machine is altered to transplant 23 seedlings, then there will also
be reduction in the cost incurred.

•

Non-availability of the machines
on time.

•

Cost of the transplantation with
the machines is also higher due to
high initial cost.
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Fig. 3 : Field after Transplantation
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11. Organic Farming
- R. S. Prasad and Basavaraj Patil

Introduction
Organic agriculture is an outcome of the conscious efforts by inspired people to create the best possible
relationship between earth and human beings. Since its beginning, the sphere surrounding organic
agriculture has become considerably more complex. A major challenge today is certainly its entry into the
policymaking arena and anonymous global market, and the transformation of organic products into
commodities. During the last two decades, there has also been a significant sensitisation of the global
community towards environmental preservation and assurance of food quality. Ardent promoters of organic
farming consider that it can meet both these demands and become a means for complete development of
rural areas. After almost a century of development, organic agriculture is now being embraced by the
mainstream and shows great promise commercially, socially and environmentally. While there is continuum
of thought from earlier days to the present, the modern organic movement is radically different from its
original form. It now has environmental sustainability at its core in addition to the founder’s concern for
healthy soil, food and people.

Concept of Organic Farming
Organic farming is very much native to this land. Whosoever tries to write a history of organic farming
will have to refer India and China. The farmers of these two countries have been from 40 centuries and it
is organic farming that sustained them.
The concept of organic farming is based on following principles:
•

Nature is the best role model for farming, since it does not use any inputs nor demand unreasonable
quantities of water.

•

The entire system is based on intimate understanding of nature’s ways. The system does not believe in
mining the soil for its nutrients, neither does it encourage soil degradation in any way for today’s
needs.

•

The soil in this system is a living entity.

•

Soil’s living population of microbes and other organisms are significant contributors to its fertility on
a sustained basis and must be protected and nurtured at all costs.

•

The total environment of the soil from soil structure to soil cover is more important.

In today’s terminology, it is a method of farming system which primarily aims at cultivating the land and
raising crops in specific ways to keep the soil alive and in good health by use of organic wastes (crop,
animal and farm wastes and aquatic wastes) and other biological materials along with beneficial microbes
(biofertilisers) to release nutrients to crops for increased sustainable production in an eco-friendly and
pollution-free environment.
The definition of the USDA for organic farming is “organic farming is a system which avoids or
largely excludes the use of synthetic inputs (such as fertilisers, pesticides, hormones, feed additives,
etc.), and to the maximum extent feasible rely upon crop rotations, crop residues, animal manures, offfarm organic waste, mineral grade rock additives and biological system of nutrient mobilisation and
plant protection.”
In another definition FAO suggested that “Organic agriculture is a unique production management
system which promotes and enhances agro-ecosystem health, including biodiversity, biological cycles
and soil biological activity, and this is accomplished by using on-farm agronomic, biological and
mechanical methods in exclusion of all synthetic off-farm inputs.”
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In philosophical terms, organic farming means “farming in spirits of organic relationship. In this system,
everything is connected with everything else. Since organic farming means placing farming on integral
relationship, we would be well aware about the relationship between soil, water and plants, between soilsoil microbes and waste products, between plant kingdom and animal kingdom of which the apex animal
is human being, between agriculture and forestry, between soil, water and atmosphere, etc. It is the totality
of these relationships, which is the bed rock of organic farming.

Principles of Organic Agriculture
To understand the motivation for organic farming, the practices being used and what we intend to achieve,
it is important to understand the guiding principles of organic agriculture. These principles encompass
the fundamental goals and caveats that are considered important for producing high quality food, fibre
and other goods in an environmentally sustainable way. The principles of organic agriculture have changed
with the evolution of the movement and are now codified. These principles apply to agriculture in the
broadest sense, including the way people tend to use soil, water, plants and animals in order to produce,
prepare and distribute food and other goods. They concern the way people interact with living landscapes,
relate to one another and shape the legacy of future generations. The principles of organic agriculture
serve to inspire the organic movement in its full diversity. They are the roots from which organic agriculture
grows and develops. They express the contribution that organic agriculture can make to the world and a
vision to improve all agriculture in a global context. The principles of organic agriculture serve to inspire
the organic movement in its full diversity.
The International Federation for Organic Agriculture Movement’s (IFOAM) definition of Organic
agriculture is based on:
•
•
•
•

The
The
The
The

principle
principle
principle
principle

of
of
of
of

health
ecology
fairness and
care

Each principle is articulated through a statement followed by an explanation. The principles are to be
used as a whole. They are composed as ethical principles to inspire action.
Principle of health: Organic agriculture would sustain and enhance the health of soil, plant, animal,
human and planet as one and indivisible. This principle points out that the health of individuals and
communities cannot be separated from the health of ecosystems - healthy soils produce healthy crops that
foster the health of animals and people. Health is the wholeness and integrity of living systems. It is not
simply the absence of illness, but the maintenance of physical, mental, social and ecological well-being.
Immunity, resilience and regeneration are the key characteristics of health. The role of organic agriculture,
whether in farming, processing, distribution, or consumption is to sustain and enhance the health of
ecosystems and organisms from the smallest in the soil to human beings. In particular, organic agriculture
is intended to produce high quality, nutritious food that contributes to preventive healthcare and wellbeing. In view of this, it would avoid the use of fertilisers, pesticides, animal drugs and food additives
that may have adverse health effects.
Principle of ecology: Organic agriculture would be based on living ecological systems and cycles, to
work with them, emulate them and help to sustain them. This principle roots of organic agriculture are
within living ecological systems. It states that production is to be based on ecological processes and
recycling. Nourishment and well-being are achieved through the ecology of a specific production
environment. For example, in the case of crops, it is the living soil; for animals, it is farm ecosystem; for
fish and marine organisms, the aquatic environment. Organic farming, pastoral and wild harvest systems
would help to fit the cycles and ecological balances in nature. These cycles are universal, but their operation
is site-specific. Organic management should be adaptive to local conditions, ecology, culture and scale.
Inputs would be reduced by reuse, recycling and efficient management of materials and energy in order to
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maintain and improve environmental quality and conserve resources. Organic agriculture would attain
ecological balance through the design of farming systems, establishment of habitats and maintenance of
genetic, and agricultural diversity. Those who produce, process, trade or consume organic products would
protect and benefit the common environment including landscapes, climate, habitats, biodiversity, air and
water.
Principle of fairness: Organic agriculture would build on relationships that ensure fairness with regard
to the common environment and life opportunities. Fairness is characterised by equity, respect, justice
and stewardship of the shared world, both among people and in their relations to other living beings. This
principle emphasises that those involved in organic agriculture would conduct human relationships in a
manner that ensures fairness at all levels and to all parties - farmers, workers, processors, distributors,
traders and consumers. Organic agriculture would provide everyone involved with a good quality of life,
and contribute to food sovereignty and reduction of poverty. It aims to produce a sufficient supply of
good quality food and other products. This principle insists that animals would be provided with the
conditions and opportunities of life that accord with their physiology, natural behaviour and well-being.
Natural and environmental resources that are used for production and consumption would be managed in
a way that is socially and ecologically just and would be held in trust for future generations. Fairness
requires systems of production, distribution and trade that are open and equitable and account for real
environmental and social costs.
Principle of care: Organic agriculture would be managed in a precautionary and responsible manner to
protect the health and well-being of current and future generations and the environment. Organic agriculture
is a living and dynamic system that responds to internal and external demands and conditions. Practitioners
of organic agriculture can enhance efficiency and increase productivity, but this would not be at the risk
of jeopardising health and well-being. Consequently, new technologies need to be assessed and existing
methods reviewed. Given the incomplete understanding of ecosystems and agriculture, care must be taken.
This principle states that precaution and responsibility are the key concerns in management, development
and choice of technology in organic agriculture. Science is necessary to ensure that organic agriculture is
healthy, safe and ecologically sound. However, scientific knowledge alone is not sufficient. Practical
experience, accumulated wisdom and traditional and indigenous knowledge offer valid solutions, tested
by time. Organic agriculture would prevent significant risks by adopting appropriate technologies and
rejecting unpredictable ones, like genetic engineering. Decisions would reflect the values and needs of all
who might be affected through a transparent and participatory processes.

Key Characteristics of Organic Agriculture
•

Relies primarily on local, renewable resources

•

Makes efficient use of solar energy and the production potential of biological systems;

•

Maintains the fertility of the soil

•

Maximises recycling of plant nutrients and organic matter

•

Does not use organisms or substances that are foreign to nature (e.g., GMOs, chemical fertilisers
or pesticides)

•

Maintains diversity in the production system as well as the agricultural landscape

•

Gives farm animals’ life conditions that correspond to their ecological role and allow them a
natural behaviour

Organic agriculture is also a sustainable and environment-friendly production method, which has particular
advantages for small-scale farmers. Available evidence indicates the appropriateness of organic agriculture
for small farmers in developing countries like India.
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Organic Agriculture Contributes to Poverty Alleviation and Food Security by Combining
Many Features such as:
•

Increasing yields in low-input areas

•

Conserving biodiversity and natural resources on the farm and in surrounding area

•

Increasing income and/or reducing costs

•

Producing safe and varied food

•

Being sustainable in the long term

Importance of Organic Farming
•

The demand for organic food is steadily increasing both in the developed and developing countries
with an annual average growth of 20-25 per cent and often sold at better price.

•

Maintain long-term soil fertility.

•

Use of bio-pesticides and natural resources do not affect human and animal health, biodiversity,
wildlife, etc., and also not cause environmental pollution.

•

Low cost of inputs in organic agriculture.

•

Availability of micronutrients in the soil.

•

Organic agriculture is an integrated production management system which promotes and enhances
agro-ecosystem health, including biodiversity, biological cycles and soil biological activity.

•

It emphasises the use of natural inputs i.e., mineral and products derived from plants, and the
renunciation of synthetic fertilisers and pesticides.

•

Restores natural soil fertility by providing a considerable amount of organic matter to the soil.

•

On-farm compost production based on harvest residues and manure bring stable organic matter
into the soil and improve its structure and its capacity to feed the plants and store water.

•

Green manures can provide plenty of plant material to feed soil organisms and build up soil fertility
in a sustainable manner.

Constraints/Major Problems Faced by Farmers
•

Decreasing farm productivity with increasing cost of cultivation and poor price realisation is pushing
farmers, especially in small and marginal categories into poverty trap.

•

Good quality seed ensured 15- 20 per cent yield enhancement in different crops. Farmers often
face difficulties in getting good planting material varieties/hybrids prior to the sowing time.

•

Farmers’ friendly small tools and agricultural implements are either not available to the farmers or
they are not convinced with their working efficiency, resulting in paying labour charges and
increasing cost of cultivation.

•

Agriculture is the only enterprise where prices are determined by others than the producer. Also
the long chain of middlemen for marketing absorbs the farmers’ margin, leaving them with minimal
profit for their produce.

•

Yield gaps between research stations/field level demonstrations and farmers’ lack of knowledge
about modern agriculture technologies and environment result in an increased cost of cultivation
without enhancing their production and hence profits.

•

Farmers lack knowledge of latest technologies and various government schemes. This deficit of
information limits their ability to make profit.
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Growing Crops under Organic Management
Philosophy: Organic farming management is an integrated approach, where all aspects of farming systems
are interlinked with each other and work for each other. A healthy biologically active soil is the source of
crop nutrition. Further, on-farm biodiversity controls pests, crop rotation and multiple cropping maintains
the system’s health and on-farm resource management with integration of cattle ensure productivity and
sustainability. Organic management stresses on optimisation of resource use and productivity, rather than
maximisation of productivity and over-exploitation of resources at the cost of resources meant for future
generations.
Management principles: A living soil is the basis of organic farming. A live, healthy soil with proper
cropping patterns, crop residue management and effective crop rotation can sustain optimum productivity
over the years, without any loss in fertility. Organic farming envisages a comprehensive management
approach to improve soil health, ecosystem of the region and quality of produce. It includes all agricultural
systems that promote environmentally sound production of food and fibres. These systems take local soil
fertility as a key to successful production, by respecting the natural capacity of plants, animals and the
landscape; they aim to optimise quality in all aspects of agriculture and environment. A living soil can be
maintained by continuous incorporation of crop and weed biomass, use of animal dung, urine-based
manures (FYM, NADEP, vermicomposting), biofertilisers and bio-enhancers, special liquid formulations
(like vermiwash, compost tea, etc.) during a crop’s duration.
As a thumb rule, crop residues would be directly or indirectly returned to the plot. Cattle droppings may
be returned to the field as compost. As a strategy, the quantity of biomass removed for human food and
fibre, cattle feed or firewood from an organic farm would be replaced with any other bio-waste on the
farm. But it is important to account for it for preparing the balance sheet of nutrients for each crop being
cultivated on the farm. In phosphorous-deficient and acidic soils, some quantity of mineral grade rock
phosphate and lime can also be added either by direct application to the field or through addition to
compost. The compost can be further enriched by incorporation of biofertilisers, microbial inoculants,
etc. Special composts like bio-dynamic compost, cowpat pit compost, special formulations like Panchgavya,
Dashgavya, Biosol, etc., are also useful and ensure optimum productivity. Use of EM formulation has
also been found effective in soil enrichment and compost making. For high nutrient demanding crops and
for intermittent soil enrichment use of oilcakes, poultry manure, concentrated manures (mixture of oil
cakes, poultry manure and rock phosphate) can also be an ideal low-cost option of manuring.
Important steps: While turning towards organic, it is essential that the basic requirements of the system
and the area are properly understood and long-term strategies are addressed first. In most parts of the
country, poor soil health due to loss of organic matter and soil microbial load is a major problem. Reducing
water availability and increasing temperature are further adding to the problems. Too much dependence
on market for supply of inputs and energy has made the agriculture a cost-intensive and high input enterprise
with diminishing returns. We need to address all these concerns and develop a system which is not only
productive and low-cost, but also resource conserving and sustainable for centuries to come.
How to achieve?
1. Enrichment of soil: Abandon the use of chemicals, use the crop residue as mulch, use organic and
biological fertilisers, adopt crop rotation and multiple cropping, avoid excessive tilling and keep soil
covered with green cover or biological mulch.
2. Management of temperature: Keep soil covered, plant trees and bushes on bunds.
3. Conservation of soil and rainwater: Dig percolation tanks, maintain contour bunds in sloppy land,
adopt contour row cultivation, dig farm ponds and maintain low height plantation on bunds.
4. Harvesting of sun energy: Maintain green stand throughout the year through combination of different
crops and plantation schedules.
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5. Self-reliance in inputs: Develop your own seed, on-farm production of compost, vermicomposting,
vermiwash, liquid manures and botanical extracts.
6. Maintenance of life forms: Develop habitat for sustenance of life forms, never use pesticides and
create enough diversity.
7. Integration of animals: Animals are important components of organic management and not only
provide animal products, but also provide enough dung and urine for use in soil.
8. Use of renewable energy: Use solar energy, biogas and bullock-driven pumps, generator and other
machines.

Developing organic clusters
As organic management is an integrated approach, manipulation and adoption of one or few steps may
not yield significant results. For optimisation of productivity, all the essential components need to be
developed in a systematic manner. These steps include:
(i)
(ii)
(iii)
(iv)
(v)

Habitat development
On-farm facilities for input production
Cropping sequence and combination planning
Three to four-year rotation plan
Growing of crops suiting to the region, soil and climate

Development of Farm Facilities and Habitat
Infrastructure: Reserve 3-5 per cent of farm space for utilities like space for cattle, vermicomposting
bed, compost tank, vermiwash/compost tea unit, etc. Five to seven trees would be planted in this space as
all the utility infrastructure needs shade. Irrigation well, water pumping infrastructure, etc., can also be in
this utility area. Digging of some percolation tanks (depending upon the rainfall and run-off pattern) for
rainwater conservation at appropriate places depending upon slope and flow of water should be undertaken.
For a five-acre cluster, there should at least 1-2 vermicomposting beds, one NADEP tank, two biodynamic
compost beds, 2-3 compost tea/vermiwash units, five liquid manure tanks, five cowpat pits and underground
cattle-urine collection tank.
Habitat and biodiversity: Management of an appropriate habitat for sustenance of different life forms is
an essential component of organic farming. This can be achieved by ensuring crop diversity and by
maintaining a wide variety of trees and bushes as per climatic suitability. These trees and bushes will not
only ensure the nutrients from air and deep soil layers to surface layer, but also attract birds and predators,
friendly insects and also provide food and shelter. There may be some loss of productivity due to shading
effect, but that loss can be compensated with reduced pest problems and natural biological pest control
system. Trees growing in utility spaces on the plains can be allowed to grow fully. Trees and bushes on
farm bunds would be placed randomly at sufficient distance and pruned at repeated intervals. Glyricidia
plants would be planted at close spacing on all major bunds and all around the farm. They will act not
only as biological fence, but also provide biologically fixed nitrogen to soil.

Conversion of Soil to Organic
Banning of chemicals: It is a widely known fact that some biological processes of plants involve acquiring
nutrients such as nitrogen, for e.g., N2 fixation is generally inhibited by adding nitrogen fertiliser. Soil
scientists generally caution against non-judicious fertiliser use and encourage use of organic compost, it
may otherwise lead to deficiency of micronutrients. Therefore, in organic farming systems, there is no
place for chemicals.
Multiple cropping and crop rotation: Mix cropping is the outstanding feature of organic farming in
which variety of crops are grown simultaneously or at different times on the same land. Mix cropping
promotes photosynthesis and avoids the competition for nutrients because different plants draw their
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nutrients from different depths of soil. A legume fixes atmospheric nitrogen and it makes available for
companion or succeeding crops. Deep-rooted plants draw nutrient from deeper layers of soil and bring
them to the surface of soil through their leaf fall. So, the nutrients leaching down to lower strata are
further brought back to upper layer by these deep-rooted plants. Also, it helps in protecting soil from soil
erosion. Farmers would select the crop combination according to their needs and season.
In selecting crop combinations, one should be mindful that plants also have their feelings, likes and
dislikes. For example, maize gets along well with beans and cucumber, tomatoes go well with onions and
marigold. On the other hand, beans and onions do not go well with each other.
Crop rotation: Crop rotation is the backbone of organic farming practices. To keep the soil healthy and
to allow the natural microbial systems work, crop rotation is must. Crop rotation is the succession of
different crops cultivated on the same land following 3-4 years’ rotation plan. All high nutrient demanding
crops would precede and follow legume-dominated crop combination. Rotation of pest host and non-pest
host crops helps in controlling soil-borne diseases and pest. It also helps in controlling weeds. It is better
for improving productivity and fertility of the soil. Crop rotations help in improving soil structure through
different types of root systems. Legumes would be used frequently in rotation with cereal and vegetable
crops. Green manure crops would also find place in planning rotations. High nutrient demanding crops
would always be followed by legume crops and returned back to soil. Some important benefits of crop
rotations are:
a) Not all plants have the same nutritive needs
b) Soil structure is improved through different types of roots
c) Pest build-up is avoided
d) Rotations help against the build-up of weeds
Under Network Project on Organic Farming (NPOF of ICAR), important cropping systems, which were
found economically better or at par with conventional system at different experimental stations in the
country are as follows:
•

Rice – wheat/ potato/ mustard/ lentil.

Status of Rich and Live Organic Soil
A fertile and live organic soil ideally would have organic-C between 0.8-1.5 per cent. At any point of
time, it would have adequate quantity of dry, semi-decomposed and fully decomposed organic matter for
the use of micro-flora and fauna. There would be enough quantity of small life forms and insects such as
ants, etc. However, many Indian soils lack this amount today.
Crop growth is better if the carbon-nitrogen ratio is around 30. But as the crops are always sold outside
and residue is burnt, exporting the soil carbon to cities and the air, reducing its soil content. High amount
of nitrogen and other fertilisers do not increase yield, but only more pests and diseases due to nutrient
deficiency. Hence, soil carbon needs to be improved by green/digested manure. Green manure cannot be
directly absorbed by the crop, so various composting methods are developed so that the insects chew
leaves into pieces and earthworms and microbes break down the green manure into minerals in biomedium that is good for crop absorption.

Seed/ Planting Material Treatment
In organic management, protection measures are used only in the case of problematic situations. Use of
disease-free seed stock and resistant varieties is the best option. There is no standard formulation or
treatment methodology available as on today, but farmers use different methods. Few of such innovative
seed treating formulations are as follows:
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•

Hot water treatment at 530C for 20-30 minutes

•

Cow urine or cow urine-termite mound soil paste

•

Beejamrut

•

Asphoetida 250 gm in one litre of water for 10 kg seed

•

Turmeric rhizome powder mixed with cow urine

•

Panchgavya extract

•

Dashparni extract

•

Trichoderma viride (4gm/kg seed) or Pseudomonas fluorscens (10gm/kg seed)

•

Biofertilisers (Rhizobium/Azotobacter + PSB)

Preparation of Beejamruta: Put 5 kg fresh cow dung in a cloth bag and suspend it in a container filled
with water to extract the soluble ingredients of dung. Suspend 50 gm lime in one litre of water separately.
After 12–16 hours, squeeze the bag to collect extract and add 5 litre cow urine, 50 gm virgin forest soil,
lime water and 20 litre water. Incubate for 8-12 hours. Filter the contents. The filtrate is used for seed
treatment.

Manuring and Soil Enrichment
During conversion period, soil fertility can be improved and maintained initially through the use of organic
inputs like well decomposed organic manure/vermicompost, green manure and biofertilisers in appropriate
quantity. These organic inputs are used for feeding the soil. Well-fed and healthy soil, rich in microflora
and micro fauna takes care of the crop nutrient requirement. Plant biomass, FYM, cattle dung manure,
enriched compost, biodynamic compost, cow-pat-pit compost and vermicompost are key sources of
on-farm inputs. Among off-farm inputs, important components are non-edible oil cakes, poultry manure,
bio-fertilisers, mineral grade rock phosphate, lime, etc.
Lopping from Glyricidia and other plants grown on bunds, on-farm produced compost and vermicompost,
animal dung and urine, and crop residue would form the major source of nutrient and concentrated manures
such as crushed oil cakes, poultry manure, vegetable market waste compost, and other novel preparations
such as biodynamic formulations, etc., can be used in appropriate quantity. Use of high quantities of
manures would be avoided. Changing crop rotations and multiple crops ensure better utilisation of
resources. Depending upon the type of crop and
requirement of nutrients for different crops, the
quantity of externally produced inputs is determined.
Farm Yard Manure: This is the only easily available
input to the farmers. It is well known that FYM
improves soil physical properties by improving soil
aggregation, aeration and water holding capacity. From
the research conducted in the past years, it is
recommended to add 20 tonnes of FYM/ha before
planting for good crop growth and maintaining the soil
health.
Vermicompost: This is a potential organic manure rich
in NPK nutrients as compared to FYM or other organic
manures. It also contains micronutrients, hormones and
Fig. 1 : Earth Worms
enzymes. The beneficial microorganisms also grow fast
in vermicompost. It influences the physico- chemical and biological properties of soil.
Vermiwash: A liquid which is collected after the passage of water through a column of worm action
which is very useful as foliar spray. It is a collection of excretory products and mucus secretion of
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earthworms along with micronutrients from the soil organic molecules. It is a collection of excretion
called vermicasts, which contains lot of nutrients particularly K, Ca & Mg, which find their way into
vermiwash.
NADEP compost: The NADEP method of making compost was first invented by a farmer named
N.D. Pandharipande, popularly known as ‘NADEPKAKA’. The method became very popular among
farmers. The process basically involves placing select layers of different in a simple, mud sealed structure
designed with bricks and mud water. The system permits conversion of approximately one kg of animal
dung into 40 kg of rich compost.
Green manuring: Fast growing leguminous crops
viz., Dhaincha (Sesbania spp., Sunn hemp (Crotalaria
juncea) and Gliricidia are used as reen manure crops,
mainly to improve soil fertility and soil physical
properties. It is one of the most effective and ecofriendly methods of organic farming which minimises
the use of chemical fertilisers.
Application of liquid manure (for soil enrichment) is
essential to maintain the activity of microorganisms
and other life forms in the soil. Three to four
applications of liquid manure are essential for all types
of crops. Vermiwash, compost tea, cow urine,
pachgavya, biosol, etc., are excellent growth
promoters when used as foliar spray. Three to five
sprays after 25-30 days of sowing ensures good
productivity.

Fig. 2 : Green Manure

Use of Biofertilisers and Microbial Cultures
Biofertilisers, viz. Rhizobium, Azotobacter, Azospirillum, PSB and Pseudomonas, etc., have been found
to be very effective tools of fertility management and biological nutrient mobilisation. Recently, customised
consortia of such biofertiliser organisms, better adapted to local climatic conditions have also been
developed and are available commercially. Efficiency of such microbial formulations is much higher
under no-chemical use situations. Therefore, application of such inputs need to be ensured under all
cropping situations.

Some Important Formulations for Soil Enrichment
Preparation of Liquid Manures
Many variants of liquid manures are being used by farmers of different States. Few important and widely
used formulations are given below:
Sanjivak: Mix 100 kg cow dung, 100 litre cow urine and 500 gm jaggery in 300 litre of water in a 500
litre closed drum. Ferment for 10 days.
Dilute with 20 times water and sprinkle on one acre either as soil spray or along with irrigation water.
Jivamrut: Mix 10 kg cow dung, 10 litre cow urine, 2 kg jaggery, 2 kg of any pulse grain flour and 1 kg
live forest soil in 200 litre of water. Ferment for 5 to 7 days. Stir the solution regularly three times a day.
Use in one acre with irrigation water.
Amritpani: Mix 10 kg cow dung with 500 gm honey and mix thoroughly to form a creamy paste. Add
250 gm of cow desi ghee and mix the solution at a high speed. Dilute with 200 lit water. Sprinkle this
suspension on one acre land, directly on the soil or with irrigation water. After 30 days, apply second dose
in between the row of plants or through irrigation water.
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Panchgavya: Mix fresh cow dung - 5 kg, cow urine - 3 lit, cow milk - 2 lit, curd - 2 lit, cow butter oil - 1
kg and ferment for 7 days stirr it twice a day. Dilute 3 lit of Panchgavya in 100 lit water and spray on the
soil. 20 lit Panchgavya per acre is required to be sprayed on the soil along with irrigation water.
Enriched Panchgavya (or Dashagavya):
Ingredients: cow dung - 5 kg, cow urine - 3 lit, cow milk - 2 lit, curd - 2 lit, cow deshi ghee - 1 kg,
sugarcane juice - 3 lit, tender coconut water - 3 lit, paste of 12 fruits and toddy or grape juice - 2 lit.
•

Mix cow dung and ghee in a container and ferment it for three days with intermittent stirring.

•

Add rest of the ingredients on the fourth day and ferment for 15 more days stirring it twice everyday.

•

The formulation will be ready in 18 days. Sugarcane juice can be replaced with 500 gm jaggery in
3 lit water.

•

In case toddy or grape juice is unavailable, 100 gm yeast powder should be mixed with 100 gm
jaggery and 2 lit of warm water can also be used.

•

For foliar spray, 3-4 lit panchgavya is diluted with 100 lit water.

•

For soil application, 50 lit panchagavya is sufficient for one hectre. It can also be used for seed
treatment.

Composting: Application of compost to the fields can have a major impact on crop growth and yields. To
start compost production, farmers will need enough plant residues and animal manures, if such are available.
In case such materials are scarce, farmers would first have to start producing plant life materials on the
farm by sowing fast growing leguminous plants that build a lot of biomass, and by introducing some
livestock on the farm for manure production, if this proves appropriate. To get familiar with the process
of making compost, farmers should be instructed by an experienced person. Proper compost production
requires knowledge, experience and additional labour.
Government subsidy is given for composing tank building using brick-cement in many States. Biogas
units can be similarly built with subsidy and the produced gas can be used for cooking. The slurry, which
is very effective, can be dumped as farm manure.
Planting of leguminous trees: For perennial crop plantations such as banana, coffee or cocoa, planting
leguminous trees such as Gliricidia, Calliandra, and Sesbania may improve the growing conditions of
the fruit crop by providing shade, mulching material and nitrogen through nitrogen fixation. In addition,
some leguminous trees provide good fodder for livestock. This practice requires some knowledge on
shade and space requirements of the tree crops and ideal planting patterns for the leguminous trees.
Other organic sources: Groundnut cake, castor cake and fish meal can also be utilised for organic
cultivation of crops

Management of Temperature
Temperature in summer season is quite high and needs to be managed. It can be achieved by keeping soil
covered with biological mulch. Surface mulch has been reported to conserve soil moisture and improve
water use efficiency (Hajare et al., 1997). In a long term experiment at ICRISAT, it has been reported that
mulch applied in this manner on the hottest day of summer (30-04-2002), the soil temperature at 5 and
10 cm depths in the mulch applied plots was 6.5 to 7.30C, lower than in control plot (Rupela et al., 2005).
Temperature control can also be achieved by planting different types of trees like neem, amla, tamarind,
cluster fig(gular), ziziphus bushes, gliricidia on bunds.
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Protection to All Forms of Life
Practice of maintaining enough biomass and mulching with crop and weed residue will ensure protection
to all life forms in soil. Another important practice of banning the chemical fertilisers and pesticides in
farming definitely helps in protecting the life forms in soil. For the survivability of different life forms,
the field must have dry organic matter as food for small insects and animals in soil, semi-decomposed
organic matter as food for earthworms and fully decomposed organic matter for microorganisms in the
soil at all times. These insects, small animals, earthworms and microorganisms are the tireless natural
employees of the soil, wherein small animals and insects feed on the larvae of pests and thus controlling
the pests. Earthworms make the soil porous, thus creating more aerobic conditions in soil and also
decompose the half-digested organic residue and release locked nutrients into the soil. Soil that is rich in
organic carbon contain ample quantity of beneficial micro flora which plays an important role in recycling
of nutrients and nitrogen fixation, phosphate solubilisation, photosynthesis activity and cellulolytic activity.
Therefore, protection to all life forms in soil would be ensured at all times.
Pest Management
As in organic farming use of synthetic chemicals are prohibited. Pest management is done by:
•

Cultural / Agronomic

•

Mechanical

•

Biological or

•

By organically acceptable botanical extracts or some chemicals such as copper sulphate, soft
soap, etc.

Cultural alternative: Use of disease-free seed or stock and resistant varieties are best preventive practices
in organic pest management. Maintenance of biodiversity, effective crop rotation, multiple cropping,
habitat manipulation and use of trap crops are also effective practices which can keep the population of
pests below Economical Threshold Limit (ETL).
Mechanical alternative: Removal of affected plants and plant parts, collection and destruction of egg
masses and larvae, installation of bird perches, light traps, sticky coloured plates and pheromone traps are
most effective mechanical methods of pest control.
Biological alternative: Use of pest predators and pathogens has also proved to be an effective method for
checking pest problem.
Use of Bio-pesticides: Trichoderma viride or T. harazianum or Pseudomonas fluorescence formulation
@ 4gm/kg seed alone or in combination can manage most of the seed-borne and soil-borne diseases.

I. Botanical Pesticides
Many plants are known to have pesticide properties and the extract
of such plants or its refined forms can be used in the management
of pests. Among various plants identified for the purpose, neem
has been found to be most effective.
Neem (Azadirachta indica): Neem has been found to be effective
in the management of approximately 200 insects, pests and
nematodes. Neem is very effective against grasshoppers, leaf
hoppers, plant hoppers, aphids, jassids and moth caterpillars. Neem
extracts, are also very effective against beetle larvae, butterfly,
moth and caterpillars such as Mexican bean beetle, Colorado potato
beetle and Diamond back moth. Neem is very effective against
grasshoppers, leaf minor and leafhoppers such as variegated
grasshoppers, green rice leaf hopper and cotton jassids. Neem is
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Fig. 3 : Neem seeds
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fairly good in managing beetles, aphids, white flies, mealy bug, scale insects, adult bugs, fruit maggots
and spider mites.
Neem seed kernel extract: It is the only botanical pesticide widely used in organic cultivation of crops.
Neem is made up of 40 different bioactive compounds called ‘tetrano triterpenoids of limonoids’. The
main active principle of neem is Azadirachtin. It exhibits antifeedants, insect repellent and insect
sterilisation properties. The research work on the efficacy of Neem Seed Kernel Extract (NSKE) against
pests of vegetables was conducted at All India Coordinated Vegetable Improvement Project and NSKE 4
per cent is recommended for the control of sucking pests and fruit borer of vegetable crops.

Some Other Pest Control Formulations
Many organic farmers and NGOs have developed large number of innovative formulations which are
effectively used for control of various pests. Although none of these formulations have been subjected to
scientific validation, their wide acceptance by farmers speaks of the usefulness of these formulations.
Farmers can try these formulations, as they can be prepared on their
own farm without the need of any purchases. Some of the popular
formulations are listed below:
Cow urine: Cow urine diluted with water in the ratio of 1:20 and used
as foliar spray is not only effective in the management of pathogens
and insects, but also acts as an effective growth promoter for the crop.
Trichoderma viride: This microorganism is widely studied for its
antagonistic activities towards soil-borne pathogens. Different species
of Trichoderma under field conditions were reported to control a large
number of wilt pathogens. This is recommended as a soil application
with organic manures viz., FYM, vermicompost or neem cake
@ 6.25 kg/ha. or drenching @ 5 gm/lts of water. This is also
recommended as seed treatment @ 5 gm/kg. The seed can also mixed
with jeevamrut or beejamrut.

Fig. 4 : Trichoderma

Fermented curd water: In some parts of central India, fermented curd water (butter milk or chaas) is
also being used for the management of white fly, jassids, aphids, etc.
Dashparni extract: Crushed neem leaves - 5 kg, Vitex negundo leaves - 2 kg, Aristolochia leaves - 2 kg,
papaya (Carica papaya) - 2 kg, Tinospora cordifolia leaves - 2 kg, Annona squamosa (custard apple)
leaves - 2 kg, Pongamia pinnata (Karanja) leaves - 2 kg, Ricinus communis (castor) leaves - 2 kg, Nerium
indicum - 2 kg, Calotropis procera leaves - 2 kg, green chilli paste - 2 kg, garlic paste - 250 gm, cow dung
- 3 kg and cow urine - 5 lit, add 200 lit of water and ferment it for one month. Stir regularly three times a
day. Extract after crushing and filtering. The extract can be stored up to six months and is sufficient for
one acre.
Neem-cow urine extract: Crush 5 kg neem leaves in water, add 5 lit cow urine and 2 kg cow dung,
ferment for 24 hours with intermittent stirring, filter squeeze the extract and dilute to 100 lit, use as foliar
spray over one acre. Useful against sucking pests and mealy bugs.
Mixed leaves extract: Crush 3 kg neem leaves and add 10 lit cow urine. Crush 2 kg custard apple leaf,
2 kg papaya leaf, 2 kg pomegranate leaves, 2 kg guava leaves and add water. Mix the two solutions and
boil five times at a regular interval till the solution is reduced to half. Keep for 24 hrs, then filter squeeze
the extract. This can be stored in bottles for six months. Dilute 2-2.5 lit of this extract to 100 lit for one
acre. Useful against sucking pests, pod/fruit borers.
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Chilli-garlic extract: Crush 1 kg Ipomea (besharam) leaves, 500 gm hot chilli, 500 gm garlic and 5 kg
neem leaves and add 10 lit cow urine. Boil the suspension 5 times till the volume is reduced to half. Filter
squeeze the extract. Store in either glass or plastic bottles. 2-3 lit extract diluted to 100 lit is used for one
acre. Useful against leaf roller, stem/fruit/pod borer.
Broad spectrum formulation - 1: Mix 3 kg fresh crushed neem leaves, 1 kg neem seed kernel powder
and 10 lit cow urine in a copper container. Seal the container and allow the suspension to ferment for 10
days. After 10 days, boil the suspension till the volume is reduced to half. Grind 500 gm green chillies,
add 1 lit of water and keep overnight. In another container crush 250 gm of garlic, add water and keep
overnight. Next day, mix the boiled extract, chilli extract and garlic extract. Mix thoroughly and filter.
This is a broad spectrum pesticide and can be used on all crops against wide variety of insects. Use
250 ml of this concentrate in 15 lit of water for spray.
Broad spectrum formulation – 2: Suspend 5 kg neem seed kernel powder, 1kg karanj seed powder, 5 kg
chopped leaves of besharam (Ipomea sp.) and 5 kg chopped neem leaves in a 20 lit drum. Add 10-12 lit of
cow urine and fill the drum with water to make it 150 lit. Seal the drum and allow it to ferment for 8-10
days. After 8 days, mix the contents and distil in a distiller. Distillation will act as a good pesticide and
growth promoter. The distillate obtained from 150 lit liquid will be sufficient for one acre. Dilute in
appropriate proportions and use as foliar spray. The distillate can be kept for few months without any loss
in characteristics.
Trap crops/Barrier crops/ Refugia crops: These crops, viz. maize, marigold, cowpea and mustard are
grown on the border of main crops. Maize is a trap or barrier crop in brinjal and okra. Marigold is a trap
for Helicoverpa armigera in tomato while mustard is a trap crop for Plutella xylostella (Diamond back
moth) in cabbage. Cowpea also harbor some beneficial insects like lady bird beetle (Coccinella sp.)
which is a predator of aphids.
Pheromone traps: The concept of using pheromone trap is to monitor the pests for their appearance and
the incidence e.g., Tomato fruit borer (Helicoverpa armigera), Diamond back moth (Plutella xylostella),
Okra fruit borer (Earias vittella) and Cucurbit fruit fly (Bactrocera cucurbitae). However, for Brinjal
shoot and fruit borer (Leucinodes orbonalis), it is being utilised for mass trapping.

Weed Management
I) Preventive Measures
a. Mulching: Covering the soil with dead plant material is an easy way to control weeds and protect
the soil in annual crops. This practice can be implemented into most existing cropping systems. The
main question may however be, to get appropriate plant residue from.
b. Intercropping: Growing two annual crops together, commonly a leguminous crop like beans or a
green manure crop in alternating rows with maize or another cereal crop or vegetable is a common
practice in organic farming to diversify production and maximise benefits from the land. In
intercropping, special attention must be paid to avoid competition between the crops for light, nutrients
and water. This requires knowledge on arrangements, which promotes growth of at least one of the
crops.
c. Cover crop: The cover competes successfully against weeds for light, nutrients and water, and therefore,
helps to prevent weed growth by winning the competition for resources. The cover crops usually used
are legumes, which improve soil fertility on top of suppressing weeds. For example, a ground cover of
Desmodium (Desmodium uncinatum) or silver leaf, inter-seeded among maize reduces stringer weed
and fixes nitrogen at the same time.
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d. Crop rotation: Rotation of crops is the most efficient measure to regulate seed and root weeds.
Changing the conditions of the crop interrupts the living conditions of the weeds, thus inhibiting their
growth and spread.
e. Intercropping: Intercropping with fast growing between rows of main crop species is effective in
weed control.
f. Sowing time and density: Optimum growing conditions enhance the optimum crop plant development
and their ability to compete against weeds. Proper crop spacing will ensure that minimum space is
available for the growth of weeds and will minimise competition with weeds. This will effectively
restrict weed development.
g. Balanced fertilisation: It can support an ideal growth of the crop, which promotes the growth of the
crop over the weeds.

II. Biological Control of Weeds
The soil-borne fungus Fusarium oxysporum is very effective in reducing witch weed (Striga hermonthica
and Striga asiatica) in different cereal crops, leading to yield increase in scientific trials. Other Fusarium
species are very effective too (Fusarium nygamai, Fusarium oxysporum and Fusarium solani).
Rhizobacteria, capable of suppressing germination of witch weed (Striga spp.) seeds or actually destroying
the seeds are particularly promising biological control agents since they can be easily and cheaply
formulated into seed inoculants.

III. Mechanical Control of Weeds
With the necessary preventive measures, weed density can be reduced, but it will hardly be enough during
critical periods of the crop at the beginning of cultivation. Therefore, mechanical methods remain an
important part of weed management.
Manual weeding: Manual weeding is probably the most important one. As it’s very labour-intensive,
reducing weed density as much as possible in the field will reduce the burden during futher work. Hence,
one should aim at tools to dig, cut and uproot the weeds; hand, ox-drawn and tractor-drawn tools. Using
the right tool can increase work efficiency significantly. Weeding should be done before the weeds flower
and produce seeds.
Table 1 : Agronomic practices for organic farming
Particulars

Gaps/constraints

Interventions

Seed selection

Use of old seed,
low yielding

Promoting area-specific HYV seeds

Seed priming

Not in practice

Orient and capacitate farmers for seed priming and its benefit

Seed treatment

Not in practice

Seed treatment with Beejaamrit and other organic inputs

Age of seedlings

Farmers not aware

Use of seedlings that are 25-30 days old

Nursery

Commonly practiced
in nursery bed using
FYM and soil

To be promoted in pro tray under shed net using coco pit and
vermicompost

Land preparation

Only plough

Summer plough, raised bed

Transplanting

Timely transplanting
is not in practice

Transplanting as per recommendations

Weeding

Manual

Use of cono weeder, etc., mulching, cover crops, crop rotation
and inter cropping

Manuring

Chemical

Organic manuring – use compost, ghanjeeva amrit,
jeeva amrit, application of organic manures, green manuring

Farm tools/light
mechanisation

Not in use

Availability of farm tools through tool bank

Irrigation

Flood irrigation

Irrigation practices to be adopted using drip and sprinkler system
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Drudgery Reduction
Reducing drudgery among women farmers is central to this project. Drudgery of women is not just
strenuous work on the farms, but also daily household chores like – collecting drinking water, collecting
fodder and fuel wood. Under this project, specific intervention has been proposed to demonstrate use of
drudgery reduction equipment for women farmers. Wherever necessary, credit would be extended to
women farmers to purchase drudgery reduction equipment. Selected drudgery reducing equipment that
can be costly to be owned individually by farmers would be purchased and maintained at the group level
and individual farmers can use such equipment on payment of service fee. Further, the cropping pattern
proposed would enhance fodder and fuel availability at the household level.

Knowledge Dissemination
The dissemination of knowledge to women farmers would be done primarily through Krishi Pathshala
(on the lines of Farmer Field School). Appropriate audio/visual tools, pictorials, demonstrations, and
also learning by doing will be adopted for imparting training to farmers. Apart from this, exposure visits,
meetings and melas will also contribute to the capacity enhancement of farmers.
Under the project, it is envisaged that credit will be required over a period of three years. To access this
amount, women farmers would be encouraged to save a part of their additional income in SHGs to
accumulate capital for the next cropping cycle. Special saving products can be offered by SHGs for this
purpose. For credit from the bank, facilitation and orientation to the bankers will be provided by the
partners. Additional credit support through KCC to eligible farmers and from JSLPS through eligible
SHGs also will also be facilitated.
Community contribution is an integral part of implementing this project. Apart from labour on their own
field and time devoted during capacity building programmes, farmers will also contribute in terms of
service fees, input cost sharing, etc. Community contribution on certain aspects will increase over the
years to facilitate sustainability of the project.
The primary clientele of this project are the small and marginal farmers. As women farmers are drawn
from the membership in SHGs, a high proportion of the farmers are from this category. Apart from this,
section of members are landless farmers practicing agriculture. They are primarily sharecroppers or
agriculture labourers. All other capacity building and input supply would be ensured to such farmers on
equal terms as others.
The risk mitigation strategies in the intervention are two-fold – one through improved practices for insitu moisture conservation, intercropping, bunding, etc. The other strategy is through integrated intervention
in livestock which offers protection against crop failures. Further, the intervention being planned will
also reduce the debt burden from moneylenders. All these strategies together can form an effective safety
net for farmers.

Strategy for scaling up
The project proposed is replicable and has the potential for scaling up. The strategies for scaling up are as
below:
Within the village:
i. The Krishi Pathshala being held in the village, and the thorough capacity building of women farmers
and rigorous facilitation for adoption of best practices will also result in a demonstration effect in the
village. Good farm yields, as a result of improved techniques, will encourage other woman farmers in
the village, though not directly involved in farmers groups to adopt the recommendations. It is envisaged
that such farmers will also seek input supplies as well as other services and recommendations from
the Krishi Sakhi/Pashu Sakhi. This process will lead to replication of the recommended practices in
livestock and agriculture the women farmers who are not directly involved in the project.
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ii. The service providers earn a margin from the sale of crop kits or supply of other inputs. This will
encourage the service providers to enrol other women farmers in the vicinity.
In other areas
iii. Over a period of 3-4 years, these Krishi Sakhi and Pashu Sakhi will be confident, equipped and
capable enough to perform the role of community level resource person and offer basic services.
Their services can be used to replicate this initiative in other areas as well.

Organic Certification
Apart from agronomy with organic matter, the certification procedure for organic farming is an important
component. Currently in India, there are two types of processes through which organic certification is
done. They are Voluntary or Participatory Guarantee Scheme and Third Party Certification.
The voluntary process is known as Participatory Guarantee Scheme (PGS), which relies on the basic
principles of social capital, where groups of farmers oblige the standards of organic farming and certify
the products. For this process of certification, there remains a need to form an entity termed as ‘Local
Group’, i.e., LG. The LG would at least consists of five farmers having land in a contiguous patch (at least
of one acre in a patch). This process of certification which is targeted towards the local/national market is
less expensive and strives to assure a quality and price premium for the farmers. The National Centre of
Organic Farming (NCOF), through its six regional centres, has enlisted agencies that support organic
production and certification processes. These agencies can become TSAs for the JSLPS.
In third party process, an independent agency gets involved with a group of farmers for a period of
auditing/scrutinising the process of production and lastly awarding them with the certificate for organic
production. In case of third party certification, there is a need to form ‘Grower Groups’ (Internal Control
System). The third party certification process is export-oriented and needs 25 to 500 members in one
group. It is advisable not to wade off possibilities of export, if there is an assured market or certain
premium on the price realised. Wherever there is a potential of export, the JSLPLS would go for third
party certification instead of the PGS. It is to be kept in mind that this process of certification is expensive
compared to the PGS. The third party certification is governed by APEDA as mentioned earlier.
The time to certify different crops is varied. In this regard, the general time for obtaining an organic
certification from an authority is between 12 months to 3 years.

Achievement Due to Technology
Soil Health Improvement
This is an important aspect for sustainable agriculture. The focus of the proposed project will be on
maintaining and improving soil health. Activities like composting and soil testing have been planned.
The participating farmers will be encouraged to practice deep ploughing (summer ploughing), application
of micronutrients and use of improved compost. The project would promote the use of organic inputs
prepared by the farmers themselves for soil nutrient replacement and pest management. Wherever required,
soil treatment also has been planned.
Each project participant would be trained to incorporate more and more organic matter into the soil by
green maturing and decomposing the crop residues, cow dung, other wastes and organic manures. This is
planned to be done by promotion of NADEP pits and vermicompost pits with the MKSP beneficiaries.
Recycling biomass into soil (green manuring, glaricidia leaf application, application of other plant residues).
Introduce leguminous crops in crop rotation and in mixed cropping wherever suitable. Measures to increase
microbe population in the soil by spraying liquid manure, PSB, Azotobacter, etc., are suggested. The
Mahila Kisans will be trained in preparing organic manures (composting/Jeevamrita) and pesticides (handi
khad). Appropriate crop rotation would also be introduced to maintain soil health. They will be encouraged
to treat their uplands with lime to reduce the acidity of the soil.
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Soil and water conservation and groundwater recharging: The focus is primarily on in-situ moisture
conservation. Practices like ploughing across the slope, percolation tanks, bunding, etc., will be promoted.
Low-cost sustainable cropping pattern: Based on the suitability of community (food and nutrition
security, cash requirement by the family) and market attractiveness, crops will be selected. There would
be diversified crops in the family crop planning to reduce risks at various levels.
The technology that will be recommended to farmers will be built on best indigenous knowledge and
practices. Further, the project proposes to produce own seeds to suffice the requirement for subsequent
years, thus maintaining procuring seed at low cost. A localised system of input supply will be created
which will procure supplies in bulk and distribute it to farmers at lower cost or at par with the market
retaining the best quality. Thus, with lower input cost and a sustainable system to support , the project can
run sustainably.
Mitigation of risk of exposure to hazardous farm practices: The farm technology that will be
recommended to farmers would be suitable for the area and will be women-friendly. The crops being
promoted are locally preferred crops. No high technology-oriented crop or variety will be introduced in
the intervention areas under the project.
Resilience to climate change: Currently in the proposed intervention areas, there is a heavy exploitation
of the natural resources. The project will focus on efficient management of natural resources. No largescale change in the land topography will be done under the project which might have environmental
repercussions.
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12. Integrated Nutrient Management (INM)
- Utkarsh Ghate, K. Krishna Reddy and Shrikant V. Mukate

Introduction
INM is a practice where, all sources of nutrients, viz. organic and inorganic (chemical fertiliser)
biofertilisers (microbial) are applied to soil for better crop growth, resilience and quality. It is based on
soil test and measured inputs, unlike organic or chemical farming earlier with broad level inputs.

Goals of INM:
•
•
•
•

Optimise plant production in yield and profit
Conserve resources
Improve nutrient use efficiency
Enhance soil quality and productivity

Nutrient Sources
A. Soil organic matter
Earthworms cut the leaf manure into mini-pieces and the microbes break down the mineral blocks
into nutrients that crops can absorb through roots. Chemical fertilisers and pesticides harm earthworms
and soil microbes, and thus are not preferred nowadays. For, the initial vigorous growth from chemical
fertilisers is lost in few years as the soil biota is lost.
B. Organic sources
• Farm yard manure/crop residue- 4-8tonne/acre/season
• Cow-dung, cow-urine- 3-4 tonne/acre/season
• Poultry manure- as above, bit less (20-30 per cent)
• Vermicompost- 1 tonne/acre
• Green Manure- 10-12 tonne/acre
C. Inorganic
•

Super granules- mixture of N, P & K (nitrogen, phosphorus, potassium) about 100:40:20 or
100:30:30 kg/acre

•

Urea/neem-coated urea (bricks)

•

SSP- Single Super Phosphate (6-9 per cent phosphorus) or DAP- Diammonium Phosphate (20 per
cent phosphorus)- 3 bags (50 kg each, total 150 kg)

•

MoP- Murate of Potash (60 per cent potash)-1 bag (of 50 kg).

Table 1: Soil nutrient range (kg/ha)
Property

Low

Normal

High

OC**
Nitrogen
Phosphorus
Potassium

< 0.6
< 280
< 10
< 108

0.6-0.8
281-560
10-24
108-280

>
>
>
>

0.8
560
24
280

**- Organic carbon if soil test shows less value, it needs input to that extent.

OC > 8 means very saline soil, very hard to grow crops, like Punjab and Haryana- over-fertilised and
over-irrigated. Apply Gypsum (Calcium Sulphate) then to restore soil balance.
In acid soils (pH< 6), mostly red in colour, apply lime (Calcium Carbonate) to balance the nutrients.
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Soil Composition and Properties
The soil takes over 2,000 years to form and has the
composition below:
Minerals- 45-46 per cent
Moisture- 25-26 per cent
Air- 25-26 per cent
Organic content- 0.5-2 per cent
The main soil types in India are shown in Fig.1, with
crop growth potential levels
Fig. 1: Soil contents share

Micronutrients include iron, zinc, manganese, copper,
boron, chlorine and molybdenum
Table 2: Soil types and main characteristics
Category

Scientific

Type

pH

Crop Growth

Black Cotton soils

Vertisol

Neutral,

7

Fertile

Red soils

Laterite

Acidic

5-6,

Unfertile

Alluvial

Grey

Neutral/ basic

7-8

Fertile

Desert

White/ Grey

Basic/ sodic

8-10

Unfertile

Organic content
Carbon-nitrogen ratio of 30 is needed. Lower ratio harms crop growth, so adding more fertiliser is of no
use. This happens after few years of continuous chemical fertiliser application, so the crop productivity
starts reducing year-wise. To improve organic carbon content, grow green manure crops and plough it in
the soil.
Green manure crops are grown between
the crop rows or on the farm bunds, to
produce leaf litter to mix with the soil and
improve its carbon content. These includesesban, drumstick, cowpea, sunn hemp,
etc.
Crop rotation is a must as different crops
use different soil nutrients and maintain
balance. Mono-cropping, i.e., repeat
cropping many times depletes certain soil
nutrients fast as the crop is sent away for
sales, the soil nutrients get transported with
it, out of the farm. Mixed cropping is good
where different crops can be grown
together in farm such as cereals, pulses,
oilseeds, etc.

Sesban (Dhaincha/ Agatya)

Drumstick (Munga)

Cowpea (Barbati)

Sunn hemp
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Fig. 2: Green manure crops
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Soil Amendments- Organic
NADEP Compost- 7 * 4 * 3 ft (deep) heap
•

Made up of bricks/sticks

•

Pit is preferred but above ground is more suitable

•

Green waste below, cow dung, soil on top, water well

•

It takes about 90 days (three months) to compost and
it has no rotting smell. It’s porous.

Fig. 3 : Nardep pit–Bamboo- fencing

Table 3: Composition of compost (Rough)
S.
No.

Constituent

Percentage

1.
2.
3.
4.
5.

Dry matter
Organic matter
N
P
K

30-50
10-15
0.3
0.1
0.3

Nutritional
Element

Nitrogen
Phosphorus
Potassium

Fig. 4 : Compost pit layers

Vermicompost Pit
•

Earthworms speed the composting
process by 50 per cent (up to 45 days)

•

Brick/ plastic tank is used- 10 * 4 * 2 ft
(deep)

•

Earthworms (Eisenia Foetida)- 5-10 kg

•

Water frequently, it should never dry up

•

More potent than compost/dung- 2-4
times

•

Cement tank

Plastic tray

Fig. 5 : Vermicompost pits

Vermi-wash- it’s drained water and is a
pesticide and tonic, It’s costly too- Rs. 100-150 per litre.
Table 4 : Vermicompost and compost nutrition comparison
Nutrient*

Verm icompost

Farmyard Manure

N (%)
PO (%)
KO (%)
Ca (%)
Mg (%)
Fe (ppm)
Cu (ppm)
Zn (ppm)
Mn (ppm)
C:N Ratio

1.6
0.7
0.8
0.5
0.2
175.0
5.0
24.5
96.5
15.5

0.5
0.2
0.5
0.9
0.2
146.5
2.8
14.5
69.0
31.3

*These values are subject to variation depending on the type of organic waste. Source:
Punjab State Council for Science and Technology (2010). Available online
at:http://agri.and.nic.in/vermi_culture.htm
Note- About 1,00 worms digest 5 kg vegetable waste daily.
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Waste decomposer
•

Jaggery- 2 kg

•

Water- 200 litre

•

Waste Decomposer Bottle (Rs.
20 /bottle, buy at any organic
farming shop)

•

Stir the solution 2-3 times/day

Compost drum

Microbial culture

Fig. 6: Waste decomposing culture and drum

Waste decomposer may contain Effective Microorganisam (EM) culture or Trichoderma viridae. They break down the soil nutrients blocks into minerals
to absorb. It’s mainly used for municipal solid (wet) waste decomposing but it’s good for Farm Yard
Manure (FYM) too.

Amrith Pani/Sanjivak
•

Cow dung- 10-20 kg

•

Cow urine- 10 litre

•

Water- 15 litre

Put in a drum and stir, close the drum for 15 days. The solution
can be mixed 20 times water and spray on leaves. It can also
be irrigated to soil through drip, etc. It’s the simplest, lowest
cost organic input. Soil Manure (green/ farm-yard) is must
for crop growth as it provides carbon, nutrients.
Amrit-sanjivak/Jeevamrit or vermicompost is only the
microbial culture to start its decomposition. Just adding these
growth promoters, without green/ farm yard manure will have
limited impact.

Fig. 7: Drum for Microbe
Culture

Jeevamrut
Amrit pani + 2 kg jiggery, 2 kg pulse flour and 1 kg virgin (farm bund) soil. Spray in 20 times of water.
Table 5: Nutrient composition of various bio-inputs
Fertiliser Type

Ton/ acre

N%

P%

K%

Remarks

Farm yard manure

10

0.5

Cattle penning

7

0.5

0.35

0.5

1,00 cattle/ acre

Goat manure

4

2

0.6

2

2,00 goat/ acre

Poultry manure

4

1

0.8

0.5

Vermicompost

2

2

1

1

#

Neem/seed cakes

2

6

1

1

P & K bit < 1%

It’s raw, undigested form

Dung= digested nutri-pack.

#- This means that two tonnne vermicompost/acre= 40 kg Nitrogen, 20 kg Phosphorus, 20 kg Potassium. This is 50
per cent of the standard (any grain) crop requirement. The rest 50 per cent can be met from soil.
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Table 6: Fertiliser dose kg/acre
Crop

Yield
q/ acre

FYM
t/acre

Nitrogen

Phosphorus

Potassium

Rice

20

3

90

110

3-

Wheat**

20

2

60

30

8

Maize

16

-

40

12

10

Soybean

10

-/2

50

25

8

Pulses

6

-/2

10

7

5

100

10

100

50

50

Vegetables#

Remarks

Gypsum- 30 kg, (PSB) (1 kg).

Rhizobium (300 g),

**- for Malwa (western) M. P.- Indian Institute of Soil Sciences, Bhopal- Integrated Plant Nutrient Supply (IPNS)
System (Soybean-Wheat Cropping System):www.iiss.nic.in/r%20and%20d.html

Annexure 1 describes various soil amendments (organic and chemical type) with contents and process.
More information is provided in the modules- “Soil Health Management” & “Organic Farming.”
Annexure 2 describes the secondary nutrients while Annexure 3 details about micronutrients and
Annexure 4 details about biofertilisers.
Knowing and using all these inputs is vital to maintain soil fertility and productivity in the long run, even
if no “organic” certification is done.

Annexure 1

Soil Managemnt Tips from ISSS, Bhopal for Central Indian Farmers
1. Mechanical Harvest Borne Wheat Residue Management:
The field burning of crop residues is wasteful practice, which causes pollution and results in loss of
valuable organic matter, and associated nutrients. Incorporating wheat residue plus N supplementation
through FYM for five years at the rate of 28 kg N ha-1 (approx. 4 t FYM ha-1) along with 25 kg P ha1 for rainfed soybean and 68 kg N + 30 kg P ha-1 for irrigated (1+2 irrigations) wheat is good. This
results in 20-22 per cent higher yields in soybean and 15-25 per cent higher yields in wheat.
2. Micro and Secondary Nutrients Recommendation for Indian Soils:
Adding lime in acidic Gypsum in saline/sodic soils improves crop yield by 20-25 per cent. Similarly,
calcium, magnesium and sulfur inputs benefit the crop growth much. Micronutrient inputs such as
iron, zinc, manganese, copper, boron, chlorine and molybdenum too help.
3. Enriched Compost Production:
a. Spent Wash amended Compost: This compost is prepared by heap method but water requirement
for the composting is met by spent wash, the major waste material from the distillery industry.
Spent wash is rich in organic matter content and a good source of plant nutrients like N, P, K, S,
etc. The nutrient value of spent wash amended compost is 1.37% N, 1.30% P and 1.82% K. The
yield increase by it is equals the FYM and ordinary compost in maize. In chickpea, the yield
increase equalled with the standard dose of NPKSZn, and that of FYM + 50% of NS top dressing.
d. Enriched Organo - Mineral Compost: In this method of composting, crop residues are mixed with
cow dung, low-grade rock phosphate, waste mica and mineral gypsum and the composting period
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is nearly four months. The nutrient value of enriched organo-mineral compost is 1% N, 1% P,
2.1% K, 1.7% S and the addition of one tonne compost can supply 10 kg N, 10 kg P, 21 kg K, and
17 kg S to the crop. The yield performance of organo-mineral compost is high.
e. Microbial enriched Municipal Solid Waste (MSW) Compost: For making 1000 kg microbial enriched
compost, 1600 kg waste material, 320 kg fresh cow dung and 21 kg urea are required. Bioinoculum
is added two times in the composting period; initially in the first five days and then after 30 days
of decomposition. The composting period is 2.5 months and the nutrient value of microbial enriched
MSW compost is 0.73% N, 0.79% K with 11.3% total organic carbon content.
4. Biofertilisers:
Biofertilisers are preparations of microbes useful for plant growth through many mechanisms like
biological nitrogen fixation, solubilisation of insoluble phosphates, oxidation of sulphur, production
of growth hormones, and fight against diseases.
a. Mixed Consortium Biofertilisers: Mixed biofertilisers (BIOMIX) containing a consortium of
N fixers, P solubilisers and Plant Growth Promoting Rhizhobacteria (PGPR) to promote crop
growth of cereals, legumes and oilseeds is developed. Use of BIOMIX could save 25% of N and P
fertilisers. Field trials of BIOMIX in various states showed an increase in yield of 13% in rice, 9%
in wheat, 10% in millets, 13% in pulses, 14% in oil yielding crops, and 10% in vegetables.
b. Enhancement of Biofertiliser Efficacy: Bioinoculants (Azospirillum, Azotobacter and PSB) mixed
with well decomposed FYM/vermicompost in 1:25 ratio and incubated at 30 per cent moisture for
a week improves the microbial population 2-15 fold. Demonstrations revealed a yield increase of
8-12 per cent in above ground vegetables and 25-30 per cent in below ground vegetables with the
use of this formulation.
c. Liquid Biofertiliser: Liquid biofertiliser is ideal to increase the shelf life of different biofertilisers.
Liquid inoculants found to be free of contamination during the study period and dose of 4-5 ml of
liquid inoculum (population of 3x109 cells/ml) is enough to coat one kg seed.
5. Oleoresin-Coated Urea Fortified with Nano-particles:
Enriching the urea with a consortium of nano-particles of Zinc, Copper, Iron, and Silicon is done
using oleoresin. This product contains 0.438g N, and 2.2 mg Zn, 1.10 mg Fe, 0.66 mg Cu and 1.06 mg
Si per gram of urea. Application of this fortified urea @ 200 kg/ha will supply 87.68 kg N, 440 g Zn,
220g Fe, 132 g Cu, and 212 g Si to the crops.
Table 7 : Chemical composition of Neem Cake
S. No.

Constituent

Content (%)

1

Organic matter

84.5

2

Moisture

9.9

3

Carbohydrates

17.5

4

Protein

36.2

5

Fiber

11.7

6

Oil

18.2

7

Ash

6.8

8

N

5.8

9

P

0.46

10

K

1.12

Neem cake has also been used as coating material over urea super granules as the former is reported to improve the
fertiliser efficiency of soil applied urea.
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Table 8 : N % and Cost
S. No.

Fertiliser

N%

Cost per tonne (Rs)

1

Ammonium Sulphate

20.50

1720

2

Ammonium chloride

25.00

1700

3

Calcium ammonium nitrate

25.00

1720

4

Urea

46.00

2274

Cost of one tonne of fertilizer
Unit value =

Concentration of plant nutrients per tonne of fertilizer

Ammonium sulphate

1720/205 = 8.39

Ammonium chloride

1700/250 = 6.80

CAN

1720/250 = 6.88

Urea

2274/460 = 4.94

Problem
A rice crop requires 100 kg N, 50kg P2O5 and 50 kg K2O per hectare. Calculate the amount of area, SSP, MOP
required for the application to one hectare. The content given {46% N in urea, 16% P2O5 SSP and 60% K2O}
Nutrient desired

Amount of fertiliser required

=

x 100
percentage of nutrient content in fertiliser

Urea required
SSP required
MOP

= 100/46 X 100 = 217.40 kg } these are the required quantities
= 50/60 X 100 = 312.50 Kg } to supply 100 Kg N, %50 Kg P2O5
= 50/60 X 100 = 83.4 kg } and 50 kg K2O for one tonne

Problem
Calculate the amount of DAP, Urea and MOP required to groundnut crop of one hectare to supply 40 kg N, 40
kg P2O5, and 50 kg K2O
Contents: {DAP – 18% N and 46% P2O5, Urea – 46% N and MOP 60 % K2O) Quantity of DAP required to
supply 40 Kg P2O5 = 40/46 X 100 = 87 kg of P2O5
Note: incidentally it also supplies nitrogen from 87 kg of DAP
Therefore, 87 kg DAP supplies

= 18 / 100 X 87 = 15.70 kg of N

The amount of N supplied through urea is 40 – 15.70

= 24.30 Kg N

So, urea required to supply 24.30 kg N is 24.3/46 X 100

= 53 Kg urea

MOP required to supply 50 kg K2O

= 50/60 X 100 = 83 kg of MOP

So total quantity of individual fertilisers required to supply 40 kg –N, 40 kg P2O5 and 50 kg K2O are
DAP – 87 kg, urea – 53 kg and MOP is 83 kg.
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Annexure 2

Secondary Fertilisers
Table 9 : Basic chemical data of various calcium sources
Ca %

Water Solubility g/100 g at 25 0C

CaO

70

0.12

Hydrated lime

Ca(OH)2

50

0.16

3

Calcite lime

CaCO3

36

0.01

4

Dolamitic lime

CaCO3MgCO3

17

>0.1

5

Basic slag

[CaO]5P2O5 SiO2

29

>0.1

6

Gypsum

CaSO42H2O

22

0.24

7

Rock Phosphate

Ca2(PO4)3F

33

0.002

8

Calcium Chloride

CaCl2

36

100

S.No. Source

Formula

1

Burnt lime

2

Of the different sources, the Gypsum has been gaining importance for crops such as legumes.
Magnesium Fertilisers
In multi-nutrient fertiliers, finely ground dolomitic limeston is used as filler and it is a incidental supplier of Mg
Table 10 : Magnesium Fertilisers
Mg (%)

Water solubility g/100 g at 250C

MgO

45

6.2 X 10-5

Dolamite

CaCO3MgCO3

12

0.032

3

Kisenite

MgSO4H2O

18.2

68.4

4

Langbeinite

K2SO42MgSO4

11.2

100

5

Magnesium
Sulphate

MgSO47H2O

S.No. Source

Formula

1

Magnesium oxide

2

91.1

Elemental sulphur is also an important sulphur fertiliser with strong acidifying action. It can be used either
directly or as an additive to other solid fertilisers, e.g. Sulphur-coated urea. The following table gives the basic
chemical data of sulphur sources:
Table 11: Source of Sulphur
S.No. Sources

Formula

S%

1

Ammonium sulphate

(NH4)2 SO4

23

2

Potassium sulphate

K2SO4

18

3

Magnesium Sulphate

MgSO4

13

4

Super phosphate

Ca(H2PO4)2CaSO4

12

5

Gypsum

CaSO42H2O

18

6

Aluminium Sulphate

Al2(SO4)218H2O

14

The sulphur requirements of plants are approximately 2/3 of their phosphorus requirements and are provided
from various sources such as air, rainwater, soil and fertiliser. Fields near industrial zones are supplied with
10-30 kg ha-1 per year from SO2 waste gases.
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Annexure 3

Micronutrient Fertilisers
Table 12 : Source of micronutrients
S.No.

Micronutrients

A

Iron

Formula

FeSO47H2O
Fe-EDTA
Fe-EDHA

20
5
6

MnSO44H2O
MnSO4H2O
Mn-EDTA

24
32
13

1.Zinc Sulphate
2.Zinc Sulphate (Monohydrate)
3.Zn-Chelate

ZnSO47H2O
ZnSO4H2O
Zn-EDTA

23
36
14

COPPER
1.Copper Sulphate
2.Copper Sulphate (monohydrate)

CuSO45H2O
CuSO4H2O

25
36

Na2B4O710H2O
Na2B4O7
H3BO3

11
22
18

Na2MoO42H2O
(NH4)4MoO2
MoO3
CaMoO4

40
54
66
46

1.Ferrous Sulphate
2.Fe-Chelate
3.Fe-Chelate
B

Manganese
1.Manganous Sulphate
2.Manganous sulphate (Monohydrate
3.Mn-Chelate

C

D

E

ZINC

BORON
1.Borax
2.Borax anhydrous
3.Boric acid

F

Content %

MOLYBDENUM
1.Sodium Molybdate
2.Ammonium Molybdate
3.Molybdenum Trioxide
4.Calcium Molybdate

Annexure 4

Biofertilisers
Method of usage: It is carrier based biofertiliser (ignite/peat). Azotobacter can be applied by seed
inoculation or by broadcasting in the field after mixing with FYM or with well decomposed compost.
Seed Inoculation: Seed is treated with jaggery to make it sticky and then treated with biofertiliser and
shade dried.
Seeding inoculation: Make slurry of biofertiliser and dip the roots in it. The recommended dose of
Azotobacter is 2-3 packets/ha.
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Azospirillum Inoculant
It belongs to the family of Spirillaceae, chemoautotrophic and associative in nature. It is an associative
nitrogen fixing organism which was found to be beneficial for sorghum, wheat, maize, barley, fodder
grasses and minor millets. Yield increase was 15-30 per cent. By the application of this fertiliser
nitrogen saving will be 20-30 kg/ha. It also produces growth regulating substances.
Fresh azolla contains 90-95% water. Decomposed azolla contains the following plant foods
Table 13 : Nutrients in Azolla
S.No.

Nutrient

Percent

1
2
3
4
5
6
7
8

Nitrogen
Phosphorus
Potassium
Calcium
Magnesium
Manganese
Iron
Total ash

4–6
0.5 – 0.9
2–6
0.4 – 1
0.5
0.11 – 0.16
0.06 – 0.16
9 – 10

Azolla can be grow along with paddy, nitrogen will be added where it is not incorporated. Azolla, when grown
in one hectare of land throughout the year and ideal conditions are maintained, can fix 800 kg of nitrogen per
hectare.
Azolla is suitable for only flooded rice and fixes up to 40 – 80 kg N/ha, symbiotically with Anabaena azollae.
The yield increase is 15-20%.
Blue Green Algae
The rice field ecosystem provides an environment favourable for the growth of BGA with respect to their
requirements, viz. light, water and temperature.
Nitrogen fixation by BGA has been estimated to be 25-30 kg N/ha. It increases yield by 10-15 %. BGA has
some species, viz. Nostoc, Anabaena, Olocia, Calothrix, Tolipothix, etc. They fix nitrogen in the presence of
sunlight. They also contain growth promoting substances like auxin, indole acetic acid and Geibberelic acid.
Recommendation: Application of 10 kg/ha flakes of BGA. It is applied 10 days after the transplantation of rice
crop.
Rhizobium
Recommended quantity of rhizobium fertilizer is 2-3 packets/ha (Packets 200 gms).
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13. Integrated Pest Management (IPM)
- Utkarsh Ghate and Y.D. Imran Khan

Introduction
The reason for rise in cancer and allied diseases globally in the last few decade is attributed to the increased
use of chemical pesticide for improving crop yield. Not just the urban consumers but also the farmers are
suffering respiratory and eye diseases, and cancer, strongly linked to the pesticide and its passive intake.
Certain health damaging chemicals like DDT are banned globally, while some others await gradual phase
out, e.g. Endosulfan. The importance and demand of organic farm products has increased among consumers.
Organic farm may produce less yield than the chemical type so the customers need to pay higher, 20-50%
premium price for their health that also benefits the farmers. Organic food marketing is rapidly growing
and is common place abroad and also increasingly seen in the Indian metros/malls.
Many customers are unaware of the pesticide-disease link or do not prefer organic food for cost or other
reasons. Hence, Integrated Pest Management (IPM) is a new strategy adopted globally and in India also.
Here, chemical pesticides are not avoided but used in limited scale and only at critical times, along with
judicious use of organic pest control methods. This saves the chemical pesticide cost, pollution and health
hazards for the farmer and consumer.
Also, “Non-pesticide managed” is a new and emerging crop/ food label, especially abroad/ metros indicating
that chemical fertilisers may be used but not the pesticides. This has the double benefit to the farmer- (1)
no much crop loss, (2) at least some premium, if not equal to organic.

Pesticide Scenario
Insect pests are a major constraint by damaging about quarter of the crop growth as Table 1 depicts below
for various crop categories.
Table 1 : Estimated losses caused by insect pests to major crops in India
Crop

% Loss

Crop

% Loss

Rice

25

Groundnut

15

Wheat

5

Rape/ mustered

30

Maize

25

Other Oilseeds

20

Other cereals

30

Sugarcane

20

Chickpea

10

Cotton

50

Other pulses

20
Average 23 %

India has big and rapidly growing pesticide market but much less than the global average, thankfully.
Only about 3 per cent of the total pesticides used in the world are utilised in India, despite India having 2
per cent of the global land and 3 per cent of the cultivated land, home to 17 per cent of the global
population and holds 8 per cent share in the global agriculture output.
Cotton crop alone consumes 45 per cent (nearly half) pesticides followed by rice, which accounts for
23 per cent (quarter) of pesticide consumption, followed by fruits and vegetables (13 per cent). These 3
categories together add to 85 per cent of the national pesticide use. As the vegetable production and
consumption is ever-rising with economic growth, it is important to reduce the use of chemical pesticides
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for saving health (farmer-consumer) and farming expenses. For, pesticides comprise 5 to 10 per cent of
the total farming cost. Profits being only about 25 per cent in farming, pesticide saving improves
profitability by 20- 30 per cent. Hence, it is vital to reduce the pesticide dose only when needed in optimal
amount. For instance, many times farmers notice the pest late, spray when the worm is grown into an
insect, having thick shell and the pesticide spray becomes ineffective. It washes into the soil and water,
and pollutes them but crop remains infected. Spraying at the insect’s worm stage is crucial.
Table 2 : States where pesticide sales is high in India
State

% of National Sales

Main Crops

Uttar Pradesh

16

Rice, Wheat, Vegetables

Punjab

15

Rice, Wheat, Mustard

Haryana

10

Andhra Pradesh

9

Rice, Cotton, Millets

Gujarat

8

Rice, Cotton

Maharashtra

8

Rice, Cotton, Wheat, Pulses, Soybean

West Bengal

7

Rice, Vegetables

73
#- (undivided)
The top four states together comprise 56% (over half) of the pesticide sales in the country, while just 7
States (only 25 per cent of the total no. of states) comprise 75 per cent i.e. 3/4th of the national pesticide
consumption. On an average, a State can contribute 3.3 per cent to the national sales if we assume 30
States.

Pesticide Scope and Relevance
Bihar (undivided) is a meagre 1.75 per cent (below 2 per cent & less than Orissa- half the national average
value per state!
Madhya Pradesh (undivided), the largest State consumed just 3.5 per cent of the pesticides sold in India,
due to subsistence farming and lack of cash crops. It grows the crops like Maharashtra but has less of
cotton and rice and barely equal to national average State-wise sales share of pesticides.
However, with the growing population and agriculture economy, pesticide use will increase in these
States also as in Orissa. So it is important to optimise it to reduce the farm cost and damage to the farmerconsumer health.
As such, India produced 17 per cent of the global crop output but uses only 3 per cent of the global
pesticides so its possible to avoid them in future also. Further, exporting crop produce requires no chemical
residue or within MRL limit (maximum residue level). As 3 per cent of Indian origin people today stay
abroad and import Indian food at premium price, it provides scope to many farmers to benefit from it,
e.g., growers of drumtsick, okra (ladies finger), ivy gourd (kundru), kartoli/kheksi (spine gourd), etc.
Lastly, GM (genetically modified) crop of BT-Cotton (where, pet resistant gene of the soil microbe Bacillus
thuringensis is mixed with the cotton seed for pest resistance) was promoted for the last two decades.
However, the Ballworm pest is now resistant to the gene and newer versions of the seed are costly and
complex. This was because the farmers did not adhere to an advice from the seed companies/agri-officers.
Farmers are advised to spare a farm corner to grow non BT-cotton crop so that the pest can fully attack on
it and leave the BT-farm intact. But farmers did not leave such path wanting to get maximum profit. This
left the pest no choice but to be stronger to digest the BT protein and survive unlike before.
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Hence, pesticide sprays have restarted and they need to be optimised. Also it is important to use other
biocontrol methods such as Nuclear Polyhydrous Virus (NPV), Trichogram wasp cards, trap crops,
pheromone and light trap, etc. Lastly, even the BT-cotton has othe pest attack such as aphids so requires
their management also. Hence, IPM is indispensable so its better that maximum farmers learn and adopt
it.

Balanced Crop Nutrition to Prevent Pests
Prevention is better than cure- it is often said. This is true for crop pests too. Balance crop nutrition can
reduce the pest incidence while some plant nutrient deficiencies or even excess (e.g. Nitrogen) can attract
pest attacks (see Table 3). Hence, it is important to provide balanced crop nutrients/fertilisers that agriexperts suggest based on soil health card.
Table 3 : Crop nutrition and pest incidence relation
Mineral

Role

Pests

N- Nitrogen

Growth

Excess- Aphids, Jacids (sucking pests), obligate parasites

P- Phosphorus

Protection

Prevents sucking pests- Aphids, Thrips, Bugs,
Excess P-> increase in bugs attack, Aphids

K- Potassium

Resistance

Sucking pests- Jacids, less K= yellow leaf- lure insects

Mg- Magnesium

Deficit- Bacterial diseases, Plant tissues weaken, break off

Si- Silicon

Resistance

B- Boron

Cell wall building

Ca- Calcium

Fungal attack resistance/ reduction
Fungal attacks if deficiency

IPM Principles
The IPM success depends on frequent weekly once or twice crop pest and disease survey and promptly
adopting the control measures.
Economic Tolerance/ Threshold Level (ETL) varies across pests and crops but as thumb rule 10 per cent
of the crop affected by a pest can be risky as it may spread further and damage the yield. Hence, remedial
measures should be started soon.
Chemicals should be sprayed only on emergency when biological control fails. Spray chemical only if the
pest is young- larvae stage so the worm dies. Mature pest is an insect with thick shell, so spraying is
wasted and of no use, as the chemical cannot break shell to penetrate the insect body.
Experts say that about 70% of pesticides sprayed are wasted due to late action like above.
Hence, frequent survey and timely action can save the expenses and achieve better pest control.

Crop Diversity, Trap Crops
•
•
•

Avoid monocultures- poor soil, pest prone
Grow mixed crops/ crop-rotation
Grow “Trap crops” on border- e.g. Marigold

Predator Wasp Cards
•
•
•
•

Trichogramma wasp is predator of pests
It is egg cards- can be bought from shops/KVK.
Place 5-10 cards/acre, when the pest is young
Wasps emerge and prey the crop pest
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Fig 1 : Trap Crop and Wasp Card
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Light/ Pheromone Trap
• Keep scent (pheromone) trap that attracts pests- 3-4/ acre
• Light trap- to place at night- as in fig. 2

Botanical (Mix) Spray
•

Find 5 - 10 bitter plants not consumed by the Goat e.g.
Neem, Aankh (Calotropis), Kaner (Nerium), Dhatura,
Besharam (Ipomea).

•

Collect their leaves, crush, soak in water for one night

•

Spray the mix on the pest-affected crop weekly.

•

To control fungal diseases, spray sour buttermilk mixed in
water.

Fig 2 : Pheromone trap & Light trap

IPM Benefits
1) Cost Saving- 80 per cent of pesticide saved= 10-15 per cent of farm cost saved (pesticides= 30 per
cent cost)
2) Agri-biodiversity is conserved- soil insects, microbes are saved, it helps future crop as no/ less chemicals
are required due to diversity.
3) Consumer and farmer health is protected, and medical expense are saved- as no/less chemicals are
consumed.
Main grain and vegetable crops of Madhya Pradesh and Bihar are depicted below with their pests/diseases
and IPM measures.

Grain Crops
RICE
1) Gall Midge
- Draining fields 5-7 days
- Spray chemical Carbofuran 3 % CG @ 10,000-25,600 g/ acre
2) Stem Borer- Place Trichogramma wasp card,
- Grow Trap crops- marigold, sun hemp,
- Clip tips of rice seedlings to prevent insect entrance- while transplanting,
- Spray chemical Carbofuran 3% CG 10,000 g/ acre.
3) Leaf Hopper (Green/Brown)
- Grow short duration varieties
- Transplant when old (> 20 days)
- Intercrop with soybean
- Spray chemical imidacloprid 70% WG 12 g/ acre
4) Blast
- Pseudomonas fungal spray,
- Spray chemical Carbendazim 50% WP 80 g/acre
5) Blight
- Pseudomonas fungal culture spray.
- Spray chemical validamycin 3% L @ 400 ml/acre
6) Hispa
- Sweep net and collect, destroy insects.
- Bauveria bassiana- spray fungal culture.
- Spray chemical Quinalphos 25%- 400 ml/ acre
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WHEAT
Common tips-

Treat Seeds with - Azotobactor culture @ 200 g/acre.

-

Apply kg / acre- N- 60, P2O5- 25, K2O- 20.

-

Apply 1/3 of Nitrogen, full dose of Phosphorus & Potassium- while sowing.

-

Place Bird perches, apply Neem cake in soil- 100 kg/acre.

Termites
- Apply Rotten FYM- farm yard manure in the soil to prevent termites,
-

Conduct deep ploughing (*3 times) to expose deep soil to sunlight,

-

Avoid late sowing.

-

Spray Entomo-pathogenic nematodes (EPNs) culture.

-

Spray forest and light irrigation once if sever infestation.

Aphids-

Grow mixed crops- Maize/ Sorghum/ Bajra as a guard/barrier crop.

-

Spray chemical Quinalphos 25% EC- 400 ml + 300 ltr water

-

Apply less Nitrogen in subsequent doses

Gujja weevil-

Collect, destroy insects, host plants

-

Place 3-4 yellow water/ sticky traps per acre to collect insects,

-

Use light trap @ 1/acre

- Place bird perch @ 20/ acre
Brown rust-

Propiconazole 25% EC @ 200 ml in 200 l of water/acre,

-

Apply less Nitrogen to soil

Pink borer-

Sprayphorate 10% CG @ 7500 g/acre

Brown mite-

Neem oil (2%)/ NSKE (5%)

-

Quinalphos 25% EC @ 640 ml- 300 ltr water

Army worm / Cutworm-

Place Pheromone traps 4-5/ acre,

-

Spray chemical Carbaryl 50% WP @ 800 g- 200 ltr water

MAIZE
Stem Borer-

Remove and destroy “dead hearts”

-

Trichogramma wasp cards- place 20-25/ acre

-

Carbaryl 85 % @ 1764 g/l

-

Fish meal trap 4/acre.

-

Spray Phorate 10% CG 4 kg/ acre
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Shoot fly-

Set fish meal traps- 5-10/ acre,

-

Granular application of Carbofuran 3% CG

Bacterial stalk rot-

Avoid water excess,

-

Conduct Soil drenching –
apply bleaching powder with 33% chlorine
@ 4 kg/acre- pre-flowering stage

Nematode-

Apply mustard cake to soil

-

Apply tobacco dust @ 1 q/ acre or
Neem cake @ 20 kg/acre

-

Soil spray- chemical Carbofuran 3% CG
@ 1.0 kg/i acre (4 cysts/g) of soil

SOYBEAN
Blue beetle-

Bird perches- 3-4

-

SNPV- 100 litre/acre (nuclear poly virus) culture

-

NSKE- 5%- spray (Neem seed kernel extract)

-

Fertigate 10% CG- 4 kg

Girdle beetle-

Collect, destroy host plants, eggs, beetles

-

Apply Phorate powder 10 G 4 kg/acre

-

Or spray chemical Quinalphos 25% EC- 400 ml/acre

Looper/ Tobacco caterpillaras above
Rust- Spray Mencozeb- 75% WP 500 g/acre
- Avoid early sowing

VEGETABLE CROPS
-

Apply neem cake- 100 kg/acre

-

Yellow sticky traps for whitefly

-

Spray NPV @ 250 LE /ha at 28, 35 and 42 days on transplant

-

Collect, destroy bored fruit 3-4 times, 2%.

-

Remove leaves infected by leaf miner/mite, spray Neem extract

-

Spray synthetic acaricide in rotation to control red spider mite.

-

Grow Trap crop- Marigold
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Insecticide resistant
-

Use nylon net barrier

-

Collect and destroy

-

Grow maize rows- as trap crop

-

pheromone traps- @ 30 /Acre

Leafhopper- Neem cake- 100 kg/ acre- in 30 & 60 days

Shoot and Fruit Borer

Epilachna Beetle- Collect, destroy adult beetles
-

Spray any contact insecticide like Carbaryl 50 WP @ 3g/l or 40 EC @ 1.5 ml/l if required

Red Spider Mite- Spray Neem soap/Pongam soap 1% below the leaves
Reniform Nematode- Treat seed with bio-pesticide-Pseudomonas fluorescens @ 10 g/kg seed. ™™Treat
Nursery bed- Trichoderma harzianum @ 50 g/ sq.m., Paecilomyces lilacinus culture
CHILLI AND CAPSICUM
-

Apply neem cake @ 250 kg/ha to plant beds while
planting and repeat after 30 days

-

Spray Acephate 75 SP@ 1.0g/l or Fipronil 5 SC @ 1ml/l
or ethofenprox 10 EC @ 1ml/l.

-

Spray Acephate 75 SP (0.5 gm) + pongamia oil (2ml) +1
ml sticker in one litre water- shaking

White or Yellow Mites
-

Apply wettable sulphur 80 WP @ 3g/l below the leaves.

-

Spray pongamia oil (2ml/l) + acaricides.

-

Spray neem seed powder extract 4% every 10 days

Aphids
-

Spray Acephate 75 SP @ 1g/l or

-

Dimethoate 30 EC @ 2 ml/l in rotation when required.

Borers
-

Tobacco caterpillar, Fruit borer worm-

-

Spray NPV particular 1

-

Trichogramma

-

Grow Marigold- trap crop
Caterpiller
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14. Integrated Farming Systems (IFS)
- V. Maruthi and Basavaraj Patil

Introduction
A ‘farming system’ may comprise one or more than one enterprise, only one of them is of primary
importance around which the entire farm activities revolve while others may be of secondary importance.
Integration of more than one enterprise to develop sustainable resource use systems, minimum degradation
with regenerative capacity increasing the farm family income generation and employment besides not
affecting the quality of environment is called “Integrated Farming.” The objective of an Integrated Farming
System (IFS) is to integrate either cropping or a primary enterprise with allied enterprises for rainfed,
irrigated, coastal, arid, and hilly and mountain ecosystems to generate extra employment and improved
income.
In India, majority of the farmers hold less than two hectares of land. These farmers generally practice
subsistence farming where they need to produce a continuous, reliable and balanced supply of foods as
well as cash for basic needs and recurrent farm expenditure. Therefore, there is a need to develop suitable
integrated farming systems for such farmers since single crop production enterprises are subject to a high
degree of risk and uncertainty because of seasonal, irregular and uncertain income and employment to the
farmers. Sporadic but location-specific research efforts in this regard have been encouraging. Thus, an
IFS represents multiple crops (e.g., cereals, legumes, tree crops, vegetables) and multiple enterprises (eg,
livestock, apiary, aquaculture) on a single farm in an integrated manner (Behera et al., 2015). The IFS
approach is holistic, multidisciplinary, problem solving, location specific, and farmer oriented (Singh et
al., 1998).

Concept of IFS Model
The models are developed and based upon the first principle of ecology that all the components of nature,
biotic and abiotic are interrelated. It is an established principle in ecology that stability of a system is
enhanced by establishing connections among different components among different biotics of a system.
A stable system has:
i. Maximum resilience capacity
ii. Optimum productivity with maximum input use efficiency
iii. Higher sustainability
This has been illustrated amply by a number of experimental validations during the last two-and-a-half
decades. An exhaustive list of enterprises and activities which can be taken up in a farmland has been
exhibited in the diagram.

The Advantages of IFS
1. Opportunity to improve productivity through farm diversification and allied enterprises.
2. Improves profitability by reducing production costs through recycling wastes and by-products of one
enterprise as inputs to other enterprises.
3. Sustainability could be achieved through effective utilisation of by-products of linked components
sustaining the potential of production base.
4. Resource recycling and resource management through effective waste and by-product recycling (crop
residues and livestock wastes). Therefore, there is less reliance on outside inputs (eg, fertilisers,
agrochemicals, feeds, energy). This leads to a more stable production system.
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5. Balanced food may be the result, as the various components are linked to produce different varieties
of products and produce, which serve to provide a balanced diet for the farm family.
6. Year round income with the different enterprises resulting in income generation at varied periods of
the year ensures money flow.
7. Risk minimisation and resilience to climate change through diversified crops and enterprises, help in
reducing the risk involved in crop failure.
8. Environmental safety through linking appropriate enterprises and components, thus minimising
environment pollution and effectively recycling waste materials. It is recognized that single enterprise
based farming endangers ecological security. For example, burning rice residues is common practice
in intensively rice–wheat cropped areas of India (e.g., Punjab, Haryana and Western Uttar Pradesh),
resulting in vast nutrient loss and increasing the concentration of GHG in the atmosphere (Kumar et
al., 2013). Such situations could be avoided by agricultural diversification with the introduction of
more enterprises (eg, animal husbandry) on the farm.

Role and Need of the Module: Importance and Constraints
It was observed that with only cropping system of sorghum and pigeon pea under rainfed conditions
could not suffice the cereals and pulses requirement of a family of five people for not more than 51-58
days and 253-345 days respectively in a year leaving the remaining 280 days without adequate food.
Therefore, integration of livestock system (be it sheep, goat or milch cattle) with the agriculture enterprise
secures the family of five for extra 60-90 more days in a year is the advantage the family can reap
(Maruthi et al., 2017) with at least a single milch cattle.
For example, the farming activity could be combined with the activities like horticulture (vegetable flower
and fruit cultivation), poultry, sericulture, mushroom cultivation, agro forestry, livestock, etc. (1) waste
or by-product utilisation in which the wastes or by-products of one sub-system become an input to a
second subsystem; and (2) improved space utilisation in which the two sub-systems essentially occupy
part or all of the space required for an individual subsystem. Integrated farming has been defined as the
biologically IFS which: (1) integrates natural resources and regulation mechanisms into farming activities
to achieve maximum replacement of off-farm inputs; (2) secures sustainable production of high quality
food and other products through ecologically preferable technologies; (3) sustains farm income; (4)
eliminates or reduces sources of present environment pollution generated by agriculture; and (5) sustains
the multiple function of agriculture (IOBC, 1983).
A shift from cropping systems or primary enterprise to integrated farming systems needs to be swift but it
also attracts a little more capital investment. Before venturing into another linked enterprise, awareness
about the timing and demand supply cycle supports the stakeholder in judicious use of money and efforts.

Module Content
Types of farming systems
1. Scale of Operation Based Integrated Farming Systems
 Farmer-centric integrated farming systems
 Watershed-based IFS
2. Crop-centric farming systems could be classified based on the crop. For example, if the farming is
crop-centric, it can be called as crop based farming systems.
 Cereal-based farming system includes i)Rice-Fish farming system ii) Rice-animal farming system
 Nutritive cereal/millet-based farming system includes i) sorghum- based farming system ii) Ragi
–based farming system, etc.
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 Oilseed crop – based farming system which includes oilseed crops such as groundnut, soybean,
sunflower, etc.
 Agro-forestry systems: i)Agri- horticulture systems, ii) Agri-pasture systems iii) Silvi-pasture
systems
3. Farming Systems Under Different Agro-Ecosystems
3.1 Rainfed Agro-ecosystem:
The small and marginal farmers are unable to improve their livelihoods due to low and erratic rainfall,
degraded soils, and poor crop and livestock productivity coupled with a poor socio-economic base and
infrastructure. Erratic rainfall affects not only the grain production but also the fodder availability, hence
location specific technologies are to be adopted along with the improved awareness on market information
and intelligence. Rainwater harvesting and utilisation is one among many factors that determine
productivity. Degraded soils are highly deficient in major and minor nutrients accentuating natural resource
management, in addition to enhancing input-use efficiency and environmental conservation. Diversification
of agriculture for integrated nutrient management, postharvest technology and value addition (Singh,
2015) would enhance the chances of income generation.
3.2 Irrigated Agro-Ecosystem
This is practiced in 10.5 million ha, contributing to national food and nutritional security. However,
continuous cropping under the same system has created several ecological problems. Hence there is a
need to take appropriate measures to address the problems of sustainability and natural resources
degradation. Waterlogging, receding water table, groundwater contamination, and high levels of chemical
residue in food etc are some of the environmental concerns need to be addressed. The existing irrigation
systems could be exploited for increased yield potential of the new varieties of the rice and wheat as it is
dominated by rice–wheat crop rotation. Eastern India, with better irrigation facilities, has to be intervened
with high yielding varieties, increased cropping intensity, improvement in infrastructure, adoption of
resource-conservation technologies, integrated nutrient and pest management and crop diversification
with judicious use of irrigation water.
3.3 Coastal Agro-Ecosystem
It is a most diverse and highly productive zone, and the vast deltaic region of the east coast forms the rice
bowl of the country. Agriculture, horticulture, agro-forestry and silvi-culture are important activities
practiced in this ecosystem. Both economically and environmentally, the coastal system is very important
among the five agro-ecosystems. It includes hinterland, which has varied topographical features (mountains,
valleys and coastal plains), riverine systems, climatic conditions, soil and water bodies, and vegetation,
which ranges from rich tropical rain forests to coastal mangroves. It is congenial for growing export
oriented horticultural produce, spices and marine products. This ecosystem supports more than 20 million
people. A challenge exists in overcoming problems of high salinity of soil and groundwater. Coastal
aquaculture is emerging as a major production activity. Apart from this, ponds, lakes, tanks and rivers
offer scope for inland fisheries. With an estimated 1.2 million ha of brackish water available, production
from these sources is hardly 45–50 per cent of potential.
3.4 Arid Agro-Ecosystem
The arid zone of India covers about 12 per cent of the country’s geographical area. The hot arid region is
characterised by scarce natural resources and an inhospitable climate. Rainfall varies from less than 100
mm to 400 mm, and is highly erratic and unpredictable. The region experiences extremes of temperature
o
(2 to 48 C), long day sunshine, high wind speed (35–40 km/h) and thus very high evaporation. Pearl
millet, cluster bean, mung bean, moth bean, sesame, and mustard are major crops grown under rainfed
conditions or with limited irrigation. Drought-hardy arid fruits and shrubs supplement the human diet in
this region. Livestock is the major source of survival of the people because cropping is not a secure and
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definite proposition. Nomadism is a characteristic feature attaching a stigma to socio-economics in the
region. In the arid agro-ecosystem, emphasis needs to be on employment and income generation through
improvement of agri–silvi–horti–pastoral, and livestock, environment conservation, productivity,
sustainability and fish production systems.
3.5 Hill and Mountain Agro-Ecosystem
The whole of the Kashmir Himalayas is mountain chain running in NW–SE direction. Indian Himalayas
represents hill and mountain agriculture in India.
Mountain ecosystems are generally fragile and it suffers severe soil erosion, scanty irrigation, limited
land resources and unscientific land management and crop cultivation, erosion of biodiversity, and a high
population of low-yielding animals. The landholding is much smaller than that in the plains. Therefore,
for hill farming is agri-horticulture and livestock based. Inaccessibility and marginality are the main
causes of food insecurity and malnutrition.

Steps in Mounting an Integrated Farming System
1. Participatory Rural Appraisal
After village selection, participatory rural appraisal is to be conducted with transect walk to assess the
access of the villagers to market, town/city, mobility and problems perceived and probable solutions
considered, etc.
2. Site Characterisation
Crops grown in the village, constraints regarding soil, water, seed, machinery, etc., would be
characterised along with the institutional support they are getting, infrastructure, existing farming
systems to divide the entire cultivation into distinct micro farming situations.
3. Problem Identification and Prioritisation
With the transect walks and discussions, the problems enlisted would be prioritised as per severity,
economic feasibility and farmer perception.
4. Indigenous Technical Knowledge
Indigenous knowledge documented, which withstood the time, would be refined and finetuned for
intervention options.
5. Intervention Options Identified
The technologies after assessed for their suitability to local conditions, through on-farm trials will be
tried for their feasibility under real farm situations. Some technologies go for further refinement in
this process.
6. Intervention Execution
Interventions identified will be implemented in a participatory mode.
7. Impact Analysis
Detailed analysis of improvements in physiological and economic yields and the economic returns
would be assessed and compared for economic evaluation of the total programme.

Learnings from Case Studies
The choice of the enterprise depends upon the climatic and edaphic factors, sound economic
conditions and management skill of the farmers.
In Tamil Nadu the net profits increased to Rs.1,31,118 ha-1 year-1withcropping + fish + goat in irrigated
conditions as compared to the net profits of Rs. 37,153 ha-1 year-1with cropping alone. In Madhya Pradesh,
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mixed farming + 2 cows and dairy (2 cows) + 15 goats + 10 poultry + 10 duck + fish gave an additional
amount of Rs.13,575 and Rs. 20,820/ha/year over arable farming.
Judicious Integration of Appropriate Enterprises is a Must
In one of the studies on Integrated Farming System at PDCSR, Modipuram (2004-05), the goat unit,
however, was not found suitable and profitable under stall feeding and was removed from the programme
in the subsequent years. Further, planting Karonda (Carisa caronda) on farm boundaries as live fencing
helped in not only protection of the field but also yielded 4-6 q produce per year as a bonus. This also has
generated 530 mandays employment while it was only 182 mandays in case of cropping alone.
Diversification into Different Commercial Crops and Enterprises
A study conducted with farmers by KVK-SKUAST, Kashmir recommended diversification from Rice
and Brown sarson to vegetable and flower cultivation, fruit orchard nursery and rearing poultry for 15
days and selling to a farmer in Kashmir valley with minimum of 1.5 acre land generated net income of
Rs. 2,77,640/- over the net income of Rs. 22,800/-.
Innovative Integration of Traditional rice growing with an enterprise
Rice accounted 41 per cent of the income followed by fish (34 per cent), and horticulture (25 per cent).
The mean rice equivalent yield for the period was 11.5 t/ha, which is higher than sole rice cropping (3 to
4 t/ha) and double rice cropping (7 to 8 t/ha). The system generated Rs. 23,905/- in deficit rainfall year
2006 to Rs. 46,414/- in flash flood year 2004 with a mean of Rs. 34,481/ha. This is high compared to
generation of Rs. 12,496/ ha from traditional practice of growing high yielding rice variety in Sali season
in lower Asom.
Promotion of large number of rice-fish systems may act as a series of miniature water and nutrient harvesting
structures for harvesting the costly plant nutrients, organic matter, soil and water, which would otherwise
be drained into the sea.
Rice-Fish-Poultry system innovation helped the farmer to achieve Rs. 56,400/- net profit generation
over then income of Rs.12,496/- in these areas of high rainfall.

Resource Generation in IFS
Farming system is a resource management strategy to achieve economic and sustained production to
meet diverse requirements of farm households while preserving resource base and maintaining a high
level environmental quality (Lal and Millu, 1990). Integrated farming system models developed in different
parts of the country involving dairy, duckery, poultry, horticulture, apiary, pisciculture and plantation
crops, viz. coconut, cocoa, nutmeg, banana, pineapple, etc., along with crops, have been found to increase
net profit significantly as compared to cropping alone. These IFS systems were also found more sustainable
and employment generative. Balasamy et al. (2003) obtain net profit increase from Rs.22971/ha/annum
in rice alone to Rs. 31788/ha/annum in rice + fish + azolla. In Telangana zone of Andhra Pradesh, the
major crops grown are rice, maize, jowar, groundnut, sugarcane and cotton and other components include
buffalo, goat, sheep and poultry. The results of a study (Radha et al., 2000), conducted on survey based
with three agricultural and livestock based farming systems, viz. dairy, poultry and sheep rearing clearly
revealed that all the farming system generated more than three times additional employment over arable
farming. The net returns were higher in agriculture + dairy (Rs. 35293) followed by agriculture + poultry
(Rs.26830) and agriculture + sheep rearing (Rs.14665). Among different farming systems, the agriculture
+ dairy was proved to be more promising than others. The main reason for high return that stover of
maize/jowar for fodder and their grains for feed as well as sugarcane crops to feed cattle buffalo were
available at the farm. In IFS studies conducted on farmers’ fields in Punjab conditions, gross profit was
found to increase from Rs.81200/ha/annum in cropping (rice-wheat) alone to Rs.154000/ha/annum in
crop + dairy and Rs.113200/- in fish + piggery system of farming (Gill,M.S.,2004).
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Table 1 : Economic analysis of different farming systems
(Adopted from PDFSR, Modipuram report)
Farming system

Cost of cultivation
(Rs./ha)

Gross (Rs./ha)
(Rs./ha)

Net returns
(Rs./ha)

Benefitcost ratio

Crops + Dairy

54960

95742

40782

1.74

Orchard (Mango)

122500

160000

37500

1.31

Floriculture (Marigold)

43919

112629

68710

2.56

Vegetables

44752

99599

54847

2.23

Fishery

95180

157500

62320

1.65

Bee keeping

125000

171250

46250

1.37

Poultry

65045

132927

67842

2.04

The studies conducted at PDFSR, Modipuram located in western plain zone of Uttar Pradesh for a period
of six years (2004-2010) revealed that Integrated Farming System Approach applied on a piece of
1.5-hectare irrigated land, besides fulfilling all the requirement of seven-member household food and
fodder demand (animals) inclusive cost of production, could create an additional average annual savings
of Rs. 47000/- in first four years of its establishment and more than Rs.50,000 in subsequent years. This
saving could assist the family to meet other liabilities including health, education and social customs and
improved the livelihood of small farm holders. Diversified nature of IFS and varied type of farm produces,
viz. milk, fruits, vegetables, fish and green fodders, etc., in the system made the human and animal diet
more nutritious compared to existing crop based farming system involving crops + dairy. Recycling of all
the crop residues, animal and farm wastes and use of leguminous crops as green manure or dual purpose
crops and bio-fertilisers could save more than 36 per cent of plant nutrients. In addition, IFS approach
generated more than the double mandays as compared to crops alone which in turn can solve unemployment
problem in rural youths. The analysis made on on-farm production and inter-relationship of different
enterprises within the system envisage that more than 57 per cent of the total cost on farm production
Rs.1,97,883 per annum is met from the inputs (out- put of another enterprise/enterprises) generated within
the system itself. This shows the significance of IFS approach in sustaining the farming with more economic
gain by adopting it under small farm conditions. Hence, Integrated Farming System Approach to agriculture
is a viable approach to solve many problems coming on the way of livelihood of small and marginal land
holders in India.

Employment Generation
Comparatively diversified and rather intensive nature of multifarious activities related to different
enterprises included in the IFS model provide a lot of opportunities of employment (Photo 32-33) and
keep farmers and their family members engaged whole the year and as such can help in solving
unemployment problem of the country mainly in rural youths. The mandays required for the production
of crops alone was 182/ha /annum wherein under IFS this number was 2.91 times more (795 mandays)
than crops alone (Table 15). Similar were the findings of Jayanthi et al. (2001), Radha et al. (2000), and
Singh et al. (2007).
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Table 2 : Effect of IFS approach on employment generation
S.No.

Component enterprises of IFS

1

Crop alone (1.04 ha)

189

2

Dairy (5 milch animals and their young ones)

365

3

Fishery (fish pond of 0.10 ha)

52

4

Apiary (10 bee boxes)

38

5

Goat (15 animals)

91

6

Vermicomposting (0.01 ha)

60

Total IFS (1.5 ha)

Mandays

795 mandays
~ 530 mandays/ha

Conclusion
Crops + dairy was identified as the most dominant farming system, followed by crops + small ruminants
system for rainfed areas. Under crops and cropping systems, cash crops including the fodder crops raised
the farm income. In peri urban areas, vegetables and flower crops are the choice of the farmers, though by
selected farmers.
A study conducted by (Maruthi et al.,) with crop + 2 sheep farming system over a period of eight years
under rainfed conditions of Hyderabad in ICAR-CRIDA during normal to excess rainfall years resulted in
the net income of Rs. 19,526 to Rs. 24,334/-, while deficit rainfall years resulted in Rs.18,681/- net
income. While cropping +1 dairy animal generated Rs. 17,471 to Rs. 25,002/- net income during a year.

Achievements Due to Technology
Leverage for intervening with location-specific technologies in the existing integrated farming models.

Fig. 2 : Flow diagram of IFS
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15. Fodder Crops Production and Management
- V. Maruthi, Prabhat Kumar Pankaj and Basavaraj Patil

Introduction
Agriculture production system in India is mostly crop-livestock integration utilising agro-industrial byproducts as major feed coupled with grazing in common property resources (CPR). This is resulting into
low productivity from livestock which is further compromised during lean season when quantity and
quality of feed is poor. Livestock production system has the potential for not only improving the profitability
per acre of land, but also generating regular income for the small and marginal farmers. Most of the
breeds maintained at small and marginal farmers’ fields are local and non-descript whose production
potential is unexploited due to lack of feed and fodder resources. Apart from sound breeding policy,
fodder production strategies need to be formulated and strengthened in order to improve profitability
from the existing germplasm in the country. Pasture herbage constitutes one of the major and cheapest
feed resources for livestock. Fodder is the key element of livestock nutrition, either green or dry, which
has the vast potential to reduce the cost of feeding which is more than 65 per cent under Indian conditions.
The fodder requirement of livestock is met through a varieties of crop residues in different agro-climatic
regions, grazing on community and private property resources (CPRs and PPRs), culturable fallows and
crop lands after harvest, fodder at bund areas, popular trees apart from cultivation of forage crops to a
very limited extent (4 per cent of total cropped area).
Presently, India is facing a net deficit of 61.1 per cent green fodder, 21.9 per cent dry crop residues and 64
per cent concentrate feeds for feeding of 20 per cent of the livestock population of the world covering 2.3
per cent geographical area.Severe fodder crisis is witnessed during drought years due to lack of preparedness
for forage and pasture management which leads to distress sale of valuable animals. Early dry spells
reduce the area under fodder crops, whereas mid-dry spells impact fodder availability during lean period.
Terminal dry periods has little effect on fodder production, however, seed availability for succeeding year
is severely compromised. Physiologically, as an internal coping mechanism, crops during dry spells,
focus more towards reproduction than vegetative growth ultimately leading to reduced forage yields and
greater extent of lignification. The condition is further aggravated by damaging of seed materials for
subsequent years. The current chapter have been framed to highlight fodder production practices, recent
concepts, low-cost viable strategies and future recommendations to meet out the requirement by livestock
in India.

Need of the Module - Role and Constraints
In general, livestock farmers do not make special efforts for forage and pasture management during lean
period. This leads to severe fodder crisis, which ultimately force distress sale of valuable animals for
slaughter. Early season, drought reduces the area under fodder crops, whereasmid-season drought impacts
fodder availability, especially during lean period. Terminal drought has much less effect on fodder
production, but it affects the availability of seed material for the succeeding year. Most fodder crops can
be revived with rain and subsequent fertilisation. The most significant effect on fodder crops during
drought conditions are reduced forage yields and more lignification due to low soil moisture. Further,
grazing on such areas severely damages the crop stand and which may not revive even if some rains are
received in later period.
It is essential to assess feed resources, supply and utilisation of quantity and quality of feed stuffs as well
as the nutritional requirements of animals for targeted increase in production through feeding and the
measures required to provide better nutrition during drought. The critical need is to build up proper
reserves against bad years, which come frequently and in regular cycle. Moreover, it is necessary to
achieve a good balance between feed production and feed requirement. This requires construction of
Feed Balance Sheet which helps in knowing the shortage or surplus of feed supply in normal years so that
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strategies can be formulated for drought years. The goal is to obtain estimates of feed requirement and
utilisation on one side and feed availability/ resources on the other.
People into livestock profession can be arranged roughly into nomadic, semi-nomadic, transhuman and
sedentary populations. Nomadic people are found in pastoral groups that depend upon livestock for
subsistence and, whenever possible, farming as a supplement. Following the irregular distribution of
rainfall, they migrate in search of pastures and water for their animals. Semi-nomadic people also people
are found in pastoral groups that depend largely upon livestock and practice agricultural cultivation at a
base camp, where they return for varying periods of time. Transhuman populations combine farming and
livestock raising during favourable seasons, but seasonally migrate along regular routes when grazing
diminishes in the farming area. Sedentary farmers practice rainfed or irrigated agriculture with fodder
cultivation. To be successful in livestock farming, intensive production needs good supplies of early
green feed.
Feed and fodder costs constitute about 60-70 per cent of cost of milk production. Thus, cultivated fodder
has an important role in meeting requirement of various nutrients and roughage in our country to produce
milk most economically as compared to concentrates. The green fodder crops are known to be cheaper
source of nutrients as compared to concentrates and hence useful in bringing down the cost of feeding and
reduce the need for purchase of feeds/concentrates from the market. In case surplus fodder is available in
some season it can be stored in form of silage or hay for lean season.
Scarcity of feed and fodder is one of the most
serious impediments in the way of sustainable
livestock development, which has direct bearing
on the income and livelihood of numerous
resource poor livestock beneficiaries. Various
constraints like scarcity of feed, fodder and
concentrates affect the potential of livestock and
cause enormous losses in terms of production
and depletion of livestock. Evidences indicate
that feed related problems accounted for about
Fig. 1 : Cattle grazing under common pasture resources (CPR)
36 per cent loss (per annum in value terms) in
dairy animals and losses due to scarcity of dry and green fodder were estimated to be 11.6 per cent and
12.3 per cent, respectively. Mitigating scarcity of dry fodder and managing availability of green fodder
round the year is a serious challenge for the livestock keepers as majority are marginal and small holders
unable to produce and store livestock feed and forage, and face acute shortage during certain periods.

Module Content
In fodder cultivation, scarcity of water is the main problem, apart from the low and erratic behaviour of
rainfall, high evaporative demand and limited water holding capacity of the soil. Present availability of
fodder is able to meet only 46.7 per cent of fodder demand. Long back, it was termed as ‘Hollow Gut
Syndrome’ which results insevere compromise in productivity and performance of animals.

Fodder Production and Range Management
Usually, two different types of fodder management system are prevalent in India:
1) Rainfed systems
a. Annuals i) Inter-cropping systems ii) Sole crops/sequential systems
b. Perennials i) Arable ii) Non arable (Silvi pasture) iii) Ley farming
2) Irrigated systems
a) Annuals (single and multi-cut types)
b) Perennials (round the year fodder production system)

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)

125

Fig. 2 : Classification of fodder

Fodder can be classified as cereal variety fodder (sorghum, maize, oat and millets); legumes (groundnut,
berseem, lucerne, stylosanthes, cowpea); perennial grasses (hybrid Napier, Guinea grass, para grass);
annual grasses (dinanath grass); popular trees (moringa, neem and babool); leguminous trees (subabul,
khejri, sesban and gliricidia) and newly identified fodder resources (cactus, azolla and hydroponics).

Rainwater Harvesting and Efficient use of Water in Fodder Units
The primary source of water in rainfed regions is rain, which is sporadic and uncertain in nature. In order
to make maximum and best use of this water, several technologies can be implied in these regions in
consultation with farmers themselves, which must not avert the traditional practices of water harvesting
and utilisation. Rainfed agriculture, which builds on traditional means of water management practices,
can play a vital role in reviving the rural economy if supported and improved on scientific grounds. The
productivity and sustainability of a dryland agro-ecosystem depends on the quality and reliability of
water resources - which in turn depend on the health of its watersheds. In India, higher groundwater
levels have proved to be enough incentive for small-scale farmers to adopt improved watershed
technologies. Watershed management is a holistic approach arrived at optimising the use of land, water
and vegetation in an area and thus, providing solution to alleviate drought, moderate folds, prevent soil
erosion, improve water availability and increase fuel, fodder and agricultural production on a sustained
basis.

Package of Practices for Fodder Production
a. Climate and soil: The grasses grow throughout the year; however, the optimum temperature is about
31°C. Light showers alternated with bright sunshine are very congenial to the crop. Total water
requirement of the grass is 800-1000 mm. Hybrid Napier can grow on a variety of soils. Light loams
and sandy soil are preferred to heavy soils. The soil has to be wet at the root zone but should not be
stagnated.
b. Land preparation: Clearing of undesirable bushes, thorns, weeds, etc., must be done at the beginning.
Most of the fodder plants require a deep, thorough, weed-free and compact seed bed. One disc ploughing
may be followed by two or three fork ploughing, levelling and removal of clods. Basal application of
farmyard manure is done before the preparation of ridges. Ridges are made across the slope far as
possible at a spacing of 60 cm with a height of about 25 cm which enables irrigation uniform and
easy.
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c. Manuring: Farmyard manure should be spread at the rate of 3-5 MT/acre before ploughing. Apply
fertiliser as per soil test recommendations. The standard recommendation for a barren land is N:P:K
@ 8:10:5 kg/acre as basal application. The above fertiliser recommendation can be given at the time
of the first weeding, normally 30 days after planting.
d. Spacing and seed rate: The recommended spacing for hybrid Napier sapling plantation is 1 X 1 m,
however, it varies from species to species. Thus, a total of 4,000 saplings may be planted per acre.
e. Planting: Planting should be done with the onset of monsoon or any time, if irrigation facility is
available. The grassesare planted by rooted slips or by stem cuttings. Cuttings with two nodes from
the middle portion of moderately matured stems (3-4 months old) are preferred. The cuttings are
planted at a slanting position at one side of the ridges with one node buried in the soil.

Fig. 3 : Raising Fodder Crops

f. Top dressing: Application of nitrogen @ 30 kg/acre after every harvest with gentle raking of the soil
produces more tillers.
g. Irrigation and drainage: The field should be provided with good drainage during the rainy season as
the crop cannot stand water stagnation. The first irrigation is done at the time of planting and the life
irrigation on the 3rd day after planting. Frequencies of subsequent irrigations depend upon the rainfall
and weather conditions. The standard irrigation interval during summer is three-four days (depending
upon the soil quality).
h. Weed control: Weeding should be done within 30 days of planting and second weeding is essential
only if there is heavy weed growth.
i. Harvesting: The first cut is taken from 60 to 75 days after planting in case of hybrid napier grasses.
Subsequent cuts are taken after 30-45 days or when the plants attain a height of 1½ m. Annually, at
least six to eight cuts are possible. The fodder has to be cut closer to the ground level for more profuse
tillering.
j. Yield: 100-150 MT/acre/year green fodder is obtained on an average if it is cultivated as a single crop.
Hybrid Napier can be cultivated as a single crop or intercrop with other leguminous crops.Vegetative
growth is reduced to dormant during winter.
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Table 1 : Package of practices of important component crops (adopted from Sunil et al., 2012)
Crops and their
varieties

Sowing /
planting
time

Seed rate and
spacing (cm)

No. of
irrigations

Fertiliser
management

Harvesting
schedule

NB hybrid
(IGFRI-6 &10,
NB-21

Mid
Feb to
July

20000 rooted
slips at 100 x
50 cm spacing

During
spring &
summer (8-9)

Basal:
50+50+50 kg NPK/ha
Top dressing:
50+50+50+50 kg N/ha
after each cut

1st cut: 80 DAP
Subsequent cuts:
30-40 DAH

Cowpea
(BL-1 & BL-2)

Apr-May

20-25 kg/ha

During
spring &
summer (8-9)

No separate
fertilisation
fertilisation

Only 1 cut
60-65 DAS

Berseem
(Mescavi,
Wardan, BB-2,
BB-3

Oct

25 kg/ha

Total 12-15
at 8-10 days
interval

Basal:
20+80 kg NP/ha

1st cut: 50-55
DAS
Subsequent cuts:
30-35 DAH

Lucerne
(Chetak, Sirsa-9,
Anand-2)

Sept-Oct

15 kg/ha

No separate
requirement

Additional
20+60 kg NP/ha

1st cut: 60-75 DAS
Subsequent cuts:
30-40 DAH

Mustard
Oct
(Chinese cabbage,
Japanese)

1.5-2.0 kg/ha

Total 12-15
at 8-10 days
interval

Basal:
20+80 kg NP/ha

Only 1 cut
60-65 DAS

Sorghum
(MP Chari,
SSG-59-3
(multi-cut)

Jun-Jul

20-25 kg/ha

Depending
on rains

Basal:
60+45 kg NP/ha

1st cut: 55-60 DAS
Subsequent cuts:
35-40 DAH

Oat (JHO-822,
851, 861, Kent,
UPO-94)

Oct

100 kg at
25 x 25 cm

No separate
requirements

Additional
40+20 kg NP/ha

Single cut:
75 DAS
Multi-cut:
1st cut at 65 DAS,
subsequent cuts at
30-40 DAH

DAP: Days after planting; DAS: Days after sowing; DAH: Days after previous cut harvesting; Ha=2.5 acre

Suitable Fodder Production System Strategies for Small and Marginal Farmers
Grazing conditions in the India have deteriorated partly due to the cyclic drought and increasing pressure
on the land by expanding population. This means that whenever a drought occurs, the existing grazing
resources are depleted very fast leading to livestock mortality due to starvation and opportunistic diseases.
Thus, in every drought, pastoral households lose their livestock, particularly cattle and small ruminants.
A multi-pronged strategy is essential to meet the fodder requirement of the region:
•

Production of quality seeds (breeder and foundation seeds) of selected promising varieties/hybrids
with participation of farmers.

•

Organising fodder production programme by promoting appropriate and region-specific varieties.

•

Post-harvest management techniques like fodder block making units, chaff cutter for fodder processing
and silage making.
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Moreover, there is lot of culturable wasteland which can effectively be utilised for low resource needbased fodder crop cultivation. Following are some fodder production strategies which can mitigate fodder
scarcity to some extent in rural areas:
Intensive irrigated fodder production systems: High yielding perennial (hybrid Napier varieties like
CO-3, CO-4, APBN-1, etc.) and multi-cut fodder varieties (MP Chari, SSG etc.), could be a choice of
fodder crops under this system, as it efficiently utilises limited land resources and other agricultural
inputs for getting maximum forage per unit area.
Table 2 : Intensive forage crop rotations for eastern part of India (adopted from Sunil et al., 2012)
S. No.

Crop rotation/ Climate & soil

I

Sub-humid, red acidic soil
1 Pearl millet + Cowpea – Maize + Cowpea – Oats
2 Maize + Cowpea – Sorghum + Cowpea – Berseem + Mustard

103
96

Sub-humid, Alluvial soil
1 Maize + Cowpea – Dinanath grass – Oats
2 Maize + Rice bean – Berseem + Mustard

131
112

Humid, acidic soil
1 NB hybrid (Perennial)
2 Maize + Cowpea – Maize + Cowpea – Maize + Cowpea

106
85

II

III

Green fodder
yield (t/ha/yr)

Intensive rainfed fodder production systems: Growing of two or more annual fodder crops as sole
crops in mixed strands of legume (Stylo or cow pea or hedge Lucerne, etc.) and cereal fodder crops like
sorghum, ragi in rainy season followed by Berseem or Lucerne, etc., in rabi season in order to increase
nutritious forage production round the year.
Short duration fodder production from tank beds: Due to silt deposition, tank beds are highly fertile
and retain adequate moisture in the soil profile for cultivation of short season fodder crops like sorghum
and maize.
Integrated fodder production systems: Fodder crops like Stylo hamata and Cenchrus ciliaris (Buffel
grass) can be sown in the inter spaces between the tree rows in orchards or plantations as horti-pastoral
and silvi-pastoral systems for fodder production.
Fodder production systems through alley cropping: Alley cropping is a system in which food/fodder
crops are grown in alleys formed by hedgerows of trees or shrubs (Leucaena leucocephala, Gliricidia,
Calliandra, Sesbania, etc.). The essential feature of the system is that hedgerows are cut back at planting
and kept pruned during cropping to prevent shading and to reduce competition with food crops. The main
objective of alley cropping is to get green and palatable fodder from hedgerows in the dry season and
produce reasonable quantum of grain and stover in the alleys during the
rainy/cropping season. This calls for cutting back (lopping) of hedge
rows during the dry season. A welcome feature of alley cropping is its
ability to produce green fodder even in years of severe drought.
Perennial non-conventional fodder production systems: Perennial
deep-rooted top feed fodder trees and bushes such as Prosopis cineraria,
Hardwickia binata, Albizia species, Zizyphus numularia, Colospermum
mopane, Azadirachta indica, Ailanthus excelsa, Acacia nilotica trees
and modified plants of cactus are highly drought tolerant and produce
top fodder. Sowing of inter spaces of tree rows with drought tolerant
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Fig. 4 : Cactus
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grasses such as Cenchrus ciliaris, Cenchrus setigerus and Lasirius sindicus, etc., further enhance forage
production from these systems.
Fodder production systems at homesteads: Azolla, a blue green alga
which has more than 25 per cent CP and a doubling time of five-seven
days can be grown in pits at backyards depending on the number of
milch animals owned by the farmer. Azolla yield is much more than the
perennial fodder varieties like APBN-1/CO-3, etc., and is around 1000
MT per ha at the rate of 300 gm/m2/day even after considering unused
space between two beds. It is more nutritious than the leguminous fodder
crops like lucerne, cowpea, berseem, etc., and can be fed to cattle, buffalo,
sheep, goat and poultry after mixing with concentrate mixture at the
ratio of 1:1.1
Hydroponic fodder production systems: Fodder can be produced in large
quantities within eight days from seed to grass for all livestock. These
include barley, oat, lucerne and rye grass. Growing grass fodder systems
hydroponically is now becoming popular in drought-prone areas.
Hydroponic fodder production, however, requires large investment in
the form of a commercial greenhouse, continuous supply of water and
power.

Fig. 5 : Azolla

Fig. 6 : Hydroponic grass

Year-round forage production systems: Cultivation of a combination of suitable perennial and annual
forages for year-round nutritious fodder supply for the livestock using limited water resources. It consists
of growing annual leguminous fodders like cowpea or horse gram, etc., inter-planted with perennial fodders
like CO-3, CO-4, APBN-1 varieties of hybrid Napier in kharif and intercropping of the grasses with
berseem, lucerne, etc., during rabi season.
Table 3 : Normal sowing window for different fodder crops in the region
Fodder crop

Normal sowing window

Sorghum (single cut)

June-July

Sorghum (multi-cut)

March-April

Pearl millet (single cut)

June-July

Pearl millet (multi-cut)

March-April

Fodder maize (single cut)

March-April

Lucerne (Alfa-alfa)
Berseem
Cow pea (kharif crop)
Cow pea (Summer crop)

September-October
October
June-July
March-April

Contingency Plan for Fodder Production
Early season drought: Short to medium durationcultivated fodder crops like sorghum (Pusa Chari Hybrid106 (HC-106), CSH 14, CSH 23 (SPH-1290), CSV 17, etc.) or bajra (CO 8, TNSC 1, APFB 2, Avika
Bajra Chari (AVKB 19), etc.) or maize (African tall, APFM 8, etc.) which are ready for cutting by 50-60
days and can be sown immediately after rains under rainfed conditions in arable lands during kharif
season. If a normal rain takes place in later part of the year, rabi crops like berseem (Wardan, UPB 110,
etc.), Lucerne (CO 1, LLC 3, RL 88, etc.) can be grown as second crop with the available moisture during
winter. In waste lands fodder varieties like Bundel Anjan 3, CO1 (Neela Kalu Kattai), Stylosanthes scabra,
etc., can be sown for fodder production.
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Mid-season drought: Suitable fodder crops of short to long duration as mentioned in Table-5 may be
sown in kharif under rainfed conditions. Mid-season drought affects the growth of the fodder crop. Once
rains are received in later part of the season, the crop revives and immediate fertilisation helps in speedy
recovery. If sufficient moisture is available, rabi crops like Berseem (Wardan, UPB 110, etc.), Lucerne
(CO 1, LLC 3, RL 88, etc.) can be grown during winter. In wastelands, fodder varieties like Bundel Anjan
3, CO1 (Neela Kalu Kattai), Stylosanthes scabra, etc., can be sown for fodder production.
Late season drought: As late season drought affects seed setting; normal short duration fodder crops
may be sown. Avoid multi-cut fodder varieties under rainfed conditions. All the available fodder must be
harvested before drying out to preserve nutritive quality. Depending on availability of moisture, rabi
fodder crops, especially low water requiring varieties of lucerne, may be planted. Normal intensive fodder
systems may be followed under irrigated conditions.

Other Strategies
1. Common Interest Group (CIG) model for mitigating fodder scarcity: Development of institutions
like Common Interest Group (CIG) or village organisation livelihood committee will be able to mitigate
fodder scarcity as membership in a cooperative or commodity association increases access to productive
resources such as seed, information and training. It also provides a ready market for milk, for instance,
the group may hire transport and procure processing material and refrigeration. With an efficient market
provided by dairy associations, it is expected that farmers will adopt new technologies quickly. If a farmer
has been a member of dairy association for a long period, such a farmer is more likely to have received
information on fodder trees for a longer time and the possibility of adoption would be higher. This will be
especially important for small and marginal farmers.
All dairy farmers/members of milk dairy cooperative societies will be able to work in liaison with line
department at village level to involve fodder requirement, cultivate improved fodder varieties either in
leased land or common land, sale and market the surplus.
Community level seed banks with buffer stock of seed material of diverse crops appropriate for the village/
area need to be maintained. These seed banks should be considered as a necessary common infrastructure,
particularly for rainfed areas supported by government on a regular basis. Seed banks should be controlled
and maintained by organised farmer groups. Presently, approximately 20,000 MT quality fodder seed is
produced, which is enough to cover about four per cent of total cultivated area used under fodder crop.
There is a need to target at least 10 per cent of net cultivable land to meet the fodder shortages, for which
quality fodder seeds requirement would be about 46,000 MT. Later, a revolving fund may also be developed
for fodder development through CIG which will increase the risk bearing capacity of small and marginal
farmers.
2. Entrepreneurship model for imparting skills to SHG women:
•

Production of quality seed by appropriate selection of promising varieties/hybrids.

•

Production, preservation and sale of urea molasses mineral bricks (UMMB) feed mixture blocks,
selling of fine cut fodder and silage fodder for needy farmers.

•

Establishment and management of a feed mixture plant by women groups.

•

Motivate female farmers for Indigenous Technical Knowledge (ITKs)

•

Women-headed households may respond less favourably to new technology than men because the
traditional power structure and control over household productive resources are less favourable to
women, i.e., negative effect on adoption. On the other hand, women may not have access to cash
to purchase commercial feed concentrate for the livestock and therefore, they may readily embrace
fodder banks than men. In addition, fodder banks may be more attractive to women given that it
provides other benefits such as fuelwood which will result in less labour inputs fire wood collection
by women.
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•

Motivate female farmers for Indigenous Technical Knowledge (ITKs). Shrubs and small trees
(like Gliricidia, Desmanthus, Leucaena, Sesbania spp.) are very cheap source of protein and minerals
and can be introduced between farm plots and they have multipurpose utility.

3. Forage seed distribution model: Dairy farmers who have undertaken forage production are not able
to optimise the yields and maximise the returns due to several reasons. These include poor quality soils,
inadequate fertiliser application, moisture scarcity, improper timing of sowing and inadequate facilities
to transport and store the forage, till it is fed to livestock. Selection of suitable forage crops to suit the
local agro-climatic conditions, non-availability of good quality certified seeds, lack of knowledge about
cultivation practices and lack of marketing opportunities to sell the surplus forage at remunerative prices
are also important problems, contributing to the poor response to forage production. Except for a few
crops like sorghum, maize, lucerne and berseem, which are cultivated in a few isolated pockets in different
regions, most of the farmers are unaware of other forage crops, which have special advantages under
adverse agro-climatic conditions. Napier is grown on waste water outside Madurai city for instance.
Resource-poor farmers often cultivate forage on low productive soils to make use of the idle land and do
not apply the required quantity of nutrients. Such farmers have several options to boost crop yields by
applying low cost inputs such as soil amendments, organic manure and bio-fertilisers. Unfortunately,
most of them do not known or to apply bio-fertilisers and soil amendments. Serious thought should be
given for developing a forage seed distribution network, at least in selected pockets where dairy husbandry
has developed as an economic activity. There has also been a wide communication gap between the
forage development programme and the livestock extension department. A well-established communication
network would help the forage scientists to understand the problems of the dairy farmers and offer suitable
practical interventions.
4. Rotational grazing model for the village:
Implementation of rotational grazing plan for the village at CPRs and watershed.
•

Continuous grazing of pastures leads to soil degradation and poor productivity of fodder.

•

Suitable varieties chosen for common pastures and adequate gap between grazing of herds and
development of fodder provided for sustainable fodder supply on watershed basis.

•

Suitable varieties chosen for common pastures.

•

Adequate gap between grazing of herds.

•

Development of fodder provided for sustainable fodder supply on watershed basis.

Though several fodder varieties have been developed, seeds are not available because it is trapped in
vicious cycle of lack of demand due to lack of extension, which inhibits production of seed, etc. Thus,
this cycle needs to be broken through proper extension. Intensification of land use in medium to high
rainfall areas and arresting land degradation through integration of tree and fodder component provide
leaf fodder in arid, semi-arid and hill regions of India during the lean period. Technologies for fodder
production and agroforestry systems for various rainfed regions are available, which will increase the
biomass productivity. Programmes like MGNREGA, watershed development and other land development
programmes should be made use of for arresting land degradation and establishment of vegetation in
degraded and community lands. Animal husbandary department distributing fodder corp kits and incintive
on fodder crop grown for instance NREGS spronsoring leveling, well digging, fencing, etc.
5. Range improvement: Livestock grazing and fodder production are the major uses of drylands. Livestock
is the major source of income for the people residing in the drylands. The rangelands in the arid and semiarid belts have, however, insufficient carrying capacity for huge populations of livestock. Overstocking
results in the degradation of range vegetation and soil. In some cases, soil erosion and degradation
accompany vegetative degradation. Removal of topsoil through sheet erosion is a common problem in
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drylands that hampers the re-establishment of natural vegetation and soil cover. The rate of degradation is
generally very high because range improvement practices are hampered by extreme climatic conditions
and shortage of water. Range (fallow land) improvement practices usually include sowing of palatable
grasses and planting of fodder trees, shrubs and managing grazing practices according to its carrying
capacity. Following are some of the techniques that could be applied to overcome water shortage for
getting better results with the establishment of grasses, trees and shrubs.
•

Introduction of rotational grazing system and the concept of social fencing.

•

Range stocking according to the carrying capacity of range.

•

Silvo-pastoral systems with multi-purpose, fast growing fodder tree species (indigenous and exotic
species).

•

Bund stabilisation with multipurpose trees (with deep planting and soil amelioration techniques),
shrubs (e.g. Saccharum sp.) and grasses (with tuft planting and sowing in seed beds).

•

Protection of soil and crops with shelterbelts and wind-breaks.

•

Different range reseeding techniques.

•

Even distribution of animals on rangelands through selecting locations of water ponds for animals.

6. Unconventional feed usage: Increase in livestock and human population and decline in land under
cultivation have resulted in acute shortage of feeds and fodder for livestock which further increases due
to natural calamities like droughts and floods. The feeds which are traditionally not used for feeding
animals are called unconventional feeds e.g. azolla, water hyacinth, cactus, etc., Their use in livestock
ration is increasing day by day due to shortage of animal feeds. The main source of such feeds is agricultural
and forest by-products. Such feeds are not used either because of traditional beliefs of livestock owners
or due to less palatability and presence of incriminating factors in them e.g., silica & lignin in the paddy
Straw. Certain unconventional feeds are being traditionally fed to animals in a particular region but the
same may be neglected in other regions. Recent studies indicate that many agricultural by-products and
industrial waste materials e.g. sugarcane based molasses could be used for livestock feeding.
7. Fodder preservation techniques: There are two popular methods for preserving or conserving the
seasonal excess of green fodder, viz. hay making (drying and silage making, moist).
a. Ensiling/Silage making: Green fodder can be preserved as silage stored for a long period. If green
grasses are cut at the early flowering stage, they can be preserved as silage, andthe grass will be more
nutritious. Silage may be defined as the green succulent roughage preserved under controlled anaerobic
fermentation in the absence of oxygen by compacting green chops in air and water tight receptacles. It
can be prepared in silage bags also.
In the ensiling process, the absence of oxygen, leads to the fermentation of water-soluble carbohydrates
to produce organic acids which increase acidity of the material (pH about 4.0). Such anaerobic acid
production (mainly lactic acid) arrests the growth of bacteria and moulds as well as inactivates putrefying
organisms, i.e., acts as a preservative. Consequently, the process reduces nutrient losses and change in
nutritive value. It serves as one of the best methods of fodder conservation. Unlike hay making (drying),
which has seasonal constraints and heavy nutrient losses, silage (Wet packing) on the other hand is superior
and has better acceptability, digestibility and nutritive value.
It is possible to ensile almost any plant material and by-products, the most important crops for ensiling
worldwide are whole-crop corn, alfalfa and various grasses. Other crops include whole-crop wheat, sorghum
and various legumes. Harvesting the crop at 50 per cent flowering to milk or dough stage can make good
quality silage of crops like maize, sorghum and pearl millet. For NB hybrids, 45-50 days after the previous
harvest is recommended. Natural grasses and cenchrus should be harvested at flowering stage.
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Pit, trench, bunker and tower silos are used for silagemaking. Various types and sizes are used depending
upon the availability of green fodder and the convenience of the farmer. The green fodder is filled in the
silo either as such or after chopping and it is well packed to reduce air. The top must be covered with dry
straw and then sealed with mud plaster or covered by polythene sheets. The silage will be ready after
four-six weeks. A pit having the size of 20 x 20 x 20 feet is enough for 50-55 tonnes of green fodder. One
cubic foot of settled silage will weigh about 15 kg. The rate of utilisation of the ensiled material also has
a bearing on the size of the silo. Once opened for feeding, every day at least half a foot of the material
must be removed to avoid spoilage if the silage. Urea is often applied to paddy straw for digestability.
b. Hay making: Hay is stored forage that is essentially characterised by having low moisture content(less
than 15 per cent) and is unharmed by fermentation and moulds. Hay making is the most common and easy
method of preserving seasonal excess of green fodder and the only method of preserving farm by-products.
The principle involved in hay making is to reduce the water content of the herbage so that it can safely be
stored in mass without undergoing fermentation or becoming mouldy. Legume hay, non-legume hay and
mixed hay are the major three types of common hays used in livestock feeding.
Field method of drying in windrows or in swath is commonly practised. In the earlier method, the harvested
material occupies one-third to half of the field and in the latter, the entire field is the spread area. In
windrows, drying is faster than in swath because of the opening of the stomata in the lower layers.
For hay making, the harvest must be taken up after the dew has dried. The harvested fodder must be
allowed for curing in the field itself andmust be turned after every four-five hours. By the evening, the
moisture content could have reduced from 75 to 40 per cent and it must be loose heaped in windrows.
Next day it requires one or two turnings. The moisture content, by the second day afternoon, could have
reduced to 25 per cent provided the sunshine is not interrupted and it is ready for storing as bales or for
storing in tripod stand (pl provide pictures/photos).
At the end of curing, the moisture content will be around 20 per cent or less and it is ready for storing.
Normally 70-75 sunshine hours are required for drying the grass in the-field method. For rainy season
hay curing sheds are recommended.During the process of hay making, some nutrients are lost in the
curing process.

Future Recommendations
A range of technological options is available as solutions to the problems faced by communities in India.
However, lack of adoption by farmers shows that these technologies do not respond to farmers’ needs or
are too sophisticated or costly for them. There could be starting problems too, if solved, can upscale the
novel practice e.g. bypass fat feed.
Effective sharing of knowledge and experiences related to forage management should be encouraged
between the different stakeholders, but particularly between the rural communities. The identification is
required of fodder trees species and provenances for planting in mixed and agro-pastoral farming systems
with better feed characteristics. e.g. drumstick, sesbania.
To promote the tree-fodders, which are appropriate for promotion in particular locations under future
climate, there is a need to develop future suitability range/scale.
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16. Farm Pond: A Climate Resilient Technology for
Semi-Arid Tropics (SAT)
- K. Sreenivas Reddy and Shrikant V. Mukate

Introduction
Semi-Arid Tropics (SAT) are bound by the climate vagaries/variability by increasing temperature, reduced
rainfall, decreased rainy days and prolonged dry spells affecting the agricultural production and
productivity. The annual rainfall in the region varies from 200 mm to >2500 mm in different parts of the
country. Rainwater harvesting on farm is one solution for addressing the rainfall variability in terms of
long dry spell. A dry spell is a continuous non rainy period more than 10 days, particularly for rainfed
agriculture in SAT regions. Water is the critical input in rainfed agriculture for managing drought. Onfarm rainwater harvesting can provide water storage structure at suitable location based on the slope or
topography. These structures store the runoff water during rainy season and irrigate mainly the kharif
crops at critical stages during dry spells.

Definition and Need of the Farm Pond
Farm pond is a water storage structure through runoff water harvesting dugout from the surface with
properly designed inlet, outlet and silttrap structures. The capacity of these structures depends on seasonal
rainfall and its intensity, runoff coefficient, farm catchment area, slope and topography and crops to be
grown in the farm catchment. These structures are basically dug out structures in proper location of the
field for meeting the critical irrigation requirement of the crops but not regular irrigation. These structures
are not meant for groundwater recharge.

Importance of Farm Ponds
•

Localised storage of water within farm for addressing the dry spells.

•

Reducing the risk in the rainfed agriculture.

•

Reduce the groundwater pumping and energy costs.

•

Improving productivity of the crops in the SAT regions.

•

Improved water productivity and profitability.

•

It can be made multipurpose enterprise (MPE) for integrating pisciculture, poultry and cropping
systems.

•

Integrating farming systems can be promoted for maximising the profits under farm ponds in
small landholdings.

•

Reduce the soil and nutrient losses as these are collected in the structures which can be re-used
into the farmers’ own land.

Limitations/Constraints
•

Initial investments in digging the structure and lining of the farm pond, fencing for security, etc.

•

Area loss for constructing farm pond in farmers’ fields (3 to 10 per cent).

•

Lack of skilled manpower in the field catchment for the design and construction of the structures
based on the local climate conditions, location and construction procedures.

Package of Practices
Farm pond technology need to be packaged with efficient irrigation system and water lifting pumpsets.
Since the irrigation system is used for one or two critical irrigations during dry spells, it can be popularised
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as custom hiring unit consisting of one 5 hp monoblock diesel pumpset, 40 irrigation pipes (one acre),
one portable rain gun or 6-12 rotating sprinklers with accessories among the farmers. The irrigation cost
may be Rs 400 to 500 per irrigation/acre are double at max, if rented as income source. However, this is
possible when the intensity of farm ponds is more (>100) in cluster of villages or in a watershed or
community organisation can operate the irrigation system on a rotation/rental basis.

Farm Pond Components
It includes farm pond construction as given below having the components of runoff collection through
well-designed system of field channels, inlet for regulating flow and outlet for removing excess flow over
maximum capacity and utilisation through portable rain gun system for enhancing water productivity.

Catchment

Silt trap

Inlet

Rain gun

Fig. 1 : Farm Pond

Strategies of Critical Irrigation through Farm Ponds
Farm ponds can be designed for three strategies of irrigation in rainfed regions as given below:
•

Meeting the crop water requirement of growing season (high rainfall >750 mm).

•

Meeting water requirement of critical irrigation(CRI) during the critical stages of crop growth
(Medium rainfall: < 750 mm).

•

Meeting water requirement in cropping system approach (irrigation during critical stages of kharif
crop plus the water requirement of rabi vegetable) (medium and high rainfall regions)

Farm Pond Capacities Recommended
In sandy loam soils, the runoff coefficients varies from 6 to 12 per cent and the coefficients can be
doubled in the case of black soil which has maximum runoff water harvesting potential from the agricultural
fields. The farm pond sizes are given below for sandy loam soils based on our experience.
•

250 m3 (12 x12x3 m) for <1 ha

•

500 m3 (17x17x3 m) for 1-2 ha

•

750 m3 (20 x20x3 m) for 3-4 ha

•

1000 m3 (22x22x3m) for 4-5 ha

•

>1000 m3 for >5 ha
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Critical Stages of Different Rainfed Crops
Details of different crops with their critical stages, crop water requirement (CWR) and water requirement
for critical irrigation in kharif are given in below Table:
Category

Cereals

Pulses

Oil seed crops

Vegetables

Crops

CWR*
(mm)

Critical stages

DAS

Water requirement(mm) for
critical irrigation in kharif
30mm

50mm

Sorghum

450

Booting
Blooming
Milky dough Stage

40-55
55-65
65-80

90

150

Maize

450

Tasseling
Silking
Grain development

40-65
66-95
96-105

90

150

Red gram

200

Flowering
Pod setting

35-40
55-65

60

100

Chickpea

200

Late vegetative phage

35-40

30

50

Black gram

200

Flowering
Pod setting

35-40
55-65

60

100

Green gram 200

Flowering
Pod setting

35-40
55-65

60

100

Groundnut

400

Flowering,
Peg Formation
Pod Development

30-45
45-55
60-80

90

150

Sunflower

350

Pre-flowering
Post-flowering

25-35
55-65

60

100

Soya bean

450

Blooming
Seed Formation

25-35
55-65

60

100

Castor

500

Flowering
Seed development

35-40
40-65

60

100

Cotton

600

Flowering
Fruiting period

60-80
110-130

60

100

Onion

550

Bulb Formation
Pre-maturity

30-40
75-80

60

100

Tomato

600

Flowering
Fruit Setting

45-50
50-55

60

100

Potato

550

Tuber Initiation
Maturity

30-35
50-60

60

100

Cabbage

500

Head Formation

50-70

30

50

Okra

500

Flowering
Fruit Setting

50-60
60-80

60

100

Carrot

500

Root initiation
Root Enlargement

40-45
60-70

60

100

Flowering
pod setting

45-50
50-60

60

100

Flowering
Fruit Setting

40-45
50-55

60

100

Beans
Chillies

500
500

*CWR data is taken from (Reddi and Reddy, 2003) and lower values are considered for rainfed regions.
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Lining of Farm Pond
Lining (Water proofing) of farm pond to control seepage and percolation losses would be helpful in
supplemental irrigation at crop critical growth stages, livestock rearing and domestic water supply. Lining
is required in farm pond to control seepage from the wetted surface area. Seepage losses are predominant
in case of light texture soils where sand percentile is more as compared to clay and silt particles. Particularly,
the farm ponds constructed in red soils require lining for long storage of water in the structures. Black
cotton or vertisols or laterite soils do not require lining as the seepage losses are minimum as the soil
holds the water tightly. It is found that water losses through seepage varies from 1.21 to 10.54 cumecs/
million sq.m. from heavy clay loam to porous gravelly soils in the earthen ponds, are the major constraints
to its failure. In other words, we can say that the drop in depth per day (cm) of ponded water via seepage
and evaporation is 10.36 to 90.65 cm from heavy clay to porous gravelly soils. Several material options
are available for lining of farm ponds.
The locally available material such as bricks and stones are used for hard surface lining of farm ponds.
Such linings are constructed by using cement concrete and mortar. Asphaltic materials, paddy husk with
cow dung, cement with soil mixture, fly ash mixture, bentonile, etc., have been tried to control seepage in
farm ponds and their effectiveness are studied at different locations of the country. The hard surface
lining would positively reduce the seepage losses and of permanent type, if properly executed.
The use of concrete with bricks and stones are costly as initial investment is more. But, they are of
permanent type and effective in controlling seepage if properly laid. Pond and canals lining were done
with low-density polyethylene (LDPE) film with brick overlaying the sheet to control the seepage. The
life of such lining may vary from 15 to 20 years. But, organic materials mixed with cement and soils are
purely temporary and do not last for more years. Their life is very short varying from one to two years and
seepage control is minimum. However, with the advent of new improved technology in the material
science, the uses of polyethylene (PE) sheet have become popular among the farmers. It is required to
select a popular thickness of the film for longer life. But the expected life for such film is 5-10 years.
Presently, the high-density polyethylene (HDPE) films of 500 microns or cross layer reinforced silpaulin
with 300 to 350 grams per sq.mt (GSM) are commonly used for lining of farm ponds having 3-4 m deep
water storage. Bureau of Indian Standards (BIS) has recommended the PE film as per code no. IS 15828:200
for design and construction of lined farm ponds.

Advantages of Pond Lining with Plastic Film
•

Reduction in water losses through percolation and seepage to the maximum extent (95 per cent).

•

Availability of water for a longer period of time.

•

Lining with plastic film has benefits in porous soils where water retention in ponds and water
harvesting tanks are minimal (Red soils).

•

Prevents the lower area from the problem of waterlogging and prevents upward intrusion of salts
into stored water.

•

Judicious utilisation of stored water for the purpose of storage of drinking water, for fish culture
{pisciculture} and to provide supplementary irrigation during crop critical stages.

•

Economical and effective method of storing water.

Method of Laying Polyethylene Films in Farm Ponds
Polyethylene films having a minimum thickness of 500 micron are best suited for their durability and the
following procedures need to be taken into consideration:
•

Choose the films having BIS/ISI marking.

•

Make the sides of the farm pond clean and smooth by removing vegetation and rills, if any, on the
surface. A herbicide or weedicide may be applied on surface in advance so that there won’t be any
vegetation or root mass.
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•

Make a trench having the dimension 15 x 15 cm at the bottom along the sides for holding the
plastic film firmly while laying.

•

Use {polyethylene} sheets having minimum thickness of 500 micron or 300-350 GSM cross
reinforced silpaulin.

•

Calculate the film requirement for dugout pond.

•

Plastic films manufactured in to panels of standard widths. Therefore, convert the film into a
single sheet as a desired either mechanically by heat-sealing machine like hot air fusion welding
machine or manually (by overlapping 15 cm of the edge of two sheet and scrubbed lightly using
emery paper or sand paper (120 grade)) using bitumen/synthetic rubber adhesive No-998 made by
Fevicol so that it fit exactly to the pond.

•

Monitor the film in sun light for searching/puncture hole if any, and seal the hole with bitumen/
adhesive or by heat – sealing procedure.

•

The ends of the film at the surface have to be firmly buried in a trench at the bank of the pond to
avoid sagging in the pond with proper anchoring of the sheet in a trench and filling with soil.

•

Care should be taken to avoid the wrinkles and film must be pulled at the corner.

Fig. 2 : Inverted cone: Making trenches for
anchoring lining plastic film

Fig. 3 : Square: Making trenches for anchoring
lining plastic film

Fig. 4 : Anchoring silpaulin plastic film
in farm pond

Fig. 5 : Spreading silpaulin film in farm pond
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Fig. 6 : A complete view of lined farm pond
with silpaulin film

Fig. 7 : A complete view of lined farm pond
with HDPE film

Implementation Strategy
Farm pond technology is implemented by the State governments with the support of Central government
using subsidy component. This technology needs to be implemented with package of farm pond and
irrigation system, including pumpset as total package.

Achievements
•

Enhanced water productivity in the rainfed soils from 23 to 67 per cent with two critical irrigations.

•

Enhanced profitability with increased net incomes by two-fold over the rainfed.

•

Yield increase in cereal, pulse and oil seed by 67 per cent with 30 mm deficit irrigation/depth of
water application.
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17. Micro Irrigation Systems
- Y.D. Imran Khan, K. Sreenivas Reddy and Shrikant V. Mukate

Introduction
Agricultural research and development has traditionally focused on meeting the challenges of feeding the
increasing population through development of appropriate technologies and their support services for
better adoption by the farming community. In seeking to address these emerging challenges, technology
development and transfers are important. However, the existing transfer-of-technology paradigm has proven
inadequate for managing more complex second-generation issues such as diverse biophysical environments,
multiple livelihood goals, rapid changes in local and national policies, expanded range of stakeholders
over agriculture and natural resources, and drastic decline in resource investment in agriculture sector.
Therefore, it is considered important to develop need-based
farmers training for technology adoption by identifying the
local specific issues relating to technology development and
their better adoption. In this context, the present unit
highlights the key parameters of change in key technologies
such as micro irrigation awareness, adoption and
maintenance by the farming community.
Micro irrigation adoption has been increasing steadily in
the country over the years. Though there is considerable
area under different micro irrigation systems for different
crops, yet based on field surveys it is evident that the farmers
use more water and fertiliser than required even through
micro irrigation. The reason for the excess usage of these
inputs is the farmers’ lack of knowledge and unavailability
of exact data. Further, the irrigation and fertigation
scheduling depends upon the factors such as crop, variety,
geometry, local evaporative demand, micro irrigation system
design crop growth stage, nutrient uptake pattern, etc.
Fig. 1 : Drip technique and layout

Micro Irrigation
Fresh water resources for human use are becoming more and more scarce day by day. The present allocation
of water to agriculture (90 per cent) is expected to be reduced to 75 per cent in the coming decade. Due to
increasing demand for water from other uses like domestic, power generation and industries coupled with
increase in standard of living, there is tremendous pressure, which necessitates scientific management of
all available water resources. This can be achieved by development of new water resources, conservation
and proper management of existing water resources. Increase in the water use efficiency is of foremost
important and adoption of advanced irrigation methods like drip and sprinkler irrigation economises the
use of irrigation water and double the irrigated area. Fertigation is a recent approach of applying fertilisers
chiefly through micro irrigation. All the three major nutrients are applied in one solution directly to the
plant root zone, thereby increasing the water and fertiliser use efficiencies. Therefore, fertigation is a
sophisticated and convenient means of applying nutrients to crop plants that saves time, labour, energy,
etc. This section describes the practical know-how on drip irrigation and fertigation techniques, problems
encountered and their solutions.

Drip Irrigation
Drip irrigation is one of the micro irrigation methods. The others include sprinkler, micro-sprinkler, minisprinkler, etc. Drip is a precise and regulated application of irrigation water and plant nutrients at low
pressure over a period of time at short intervals through emitters/drippers with close network of pipes is
known as drip irrigation system.
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As on 2013, drip irrigation is adopted in about 2.85 million hectares in India (NCPAH,2013). Maharashtra
was the leading State covering 0.83 million hectares followed by Andhra Pradesh with 0.73 million hectares.
Gujarat and Karnataka followed this with 0.35 and 0.33 million hectares, respectively. It was estimated
that 45 million hectares in the country are potential for micro irrigation and the contribution of drip to this
was estimated to be 15 million hectares. Based on this estimation, the coverage under drip till 2013 is
estimated to be around 20 per cent.
In drip irrigation, water is conveyed only through pipe network from point to point, i.e., water source to
plant rhizosphere unlike surface irrigation, wherein water is conveyed in open channels leading to
evaporation, percolation and seepage losses. In the surface irrigation, we are irrigating the entire ’land’
but we are irrigating the crop/plant in drip irrigation. Irrigation efficiency is as high as 95 per cent under
drip while it is 50 per cent under surface irrigation. Variety of crops such as horticultural crops, cash
crops, orchards, flowers and oil seeds can be grown under this system (Table 1).
Table 1 : Crops grown under drip irrigation
Crop Group

Crops

Orchard and fruits

Banana, Grapes, Papaya, Pomegranate, Oranges and Lemons, Mango, Custard apple,
Aonla, Sapota, Guava, Litchi, Melons, Coconut, Arecanut, Cashewnut, etc.

Vegetables

Tomato, Chillies, Capsicum, Cabbage, Cauliflower, Onion, Bhendi, Gourd crops, Peas,
etc.

Cash crops

Sugarcane, Cotton, Turmeric, Garlic, Cloves, etc.

Flowers

Rose, Carnation, Gerbera, Anthurium, Orchids, Jasmines, Dahlia, Marigold, etc

Oilseeds

Sunflower, Oilpalm, Groundnut, etc.

Advantages of drip irrigation system:
•

Improvement in water use efficiency and thereby
the savings in water

•

Low application rate

•

Uniformity of water application

•

Efficient fertiliser and chemical application

•

Better control of root zone environment

•

Crop yield enhancement

•

Improvement in crop quality

•

Reduction in pest incidence, including weed problem

•

Savings in electrical energy

•

Use of saline water

•

Reduction in labour cost

•

Suitable for irrigating difficult terrain and marginal lands

•

Maintains soil health

Fig. 2 : Precision watering

Drippers:
Basically, the drippers are classified as laminar drippers, turbulent
drippers, orifice drippers, typhoon drippers and bubblers. They are
also classified into pressure compensating and non-pressure
compensating drippers. They may be also either online or inline
drippers based on their insertion on the laterals.
Drippers for different types of soils:

142

Fig. 3 : Drippers
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In sandy soils, higher discharge drippers are preferred
due to quick runoff. On the other hand, in heavy clay
soils low discharge of 2 liter/hour will be effective
due to water retention. But, on the whole under Indian
soils 4 lph works well.
Suitable drip emitters types for water scarce and
power shortage areas:
In several regions of the State, water scarcity is acute
besides limited power supply. Hence, drip system with
micro-tubes would be the ideal solution, which would
require lesser irrigation period at high discharge rate.
This facilitates larger area coverage in short span of
time. Thus, both limited water and power supply can
Fig. 4 : Soil types
be managed. But the micro-tubes have limitations.
Unless it is properly designed for uniform discharge
throughout the field with adjustment of the length of the micro-tube at head, mid and end portions of the
field, the discharge will be highly varied.
Presently, there is tendency of designing the system with 2 lph drippers spaced at 40 cm. But, with 4 lph
of 60 cm spacing, we can save 30 per cent of energy without having any moisture stress to the plant.
Classification of drip system efficiency based on moisture distribution:
The efficiency of drip system can be classified based on the distribution uniformity percentage as shown
below in Table 2:
Table 2 : Classification of drip system based on distribution uniformity
Classification

Uniformity percentage

Excellent
Good
Fair
Poor
Unacceptable

> 90
81-90
71-80
61-70
< 60

Essential components of a typical drip irrigation system:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Water source (Well with motor or water tank)
Bypass valve
Non-return valve
Filtration system
Fertigation device (ventury or fertiliser tank or fertigation pump)
Pressure regulators
Pressure gauges
Water meters or hydrometers
Back wash valve
Air valve
Main pipe (75, 63 mm PVC pipe)
Sub main pipe (50, 40 mm PVC pipe)
Laterals (12 or 16 mm LLDPE)
Emitters (drippers, micro tubes)/emitting tubes in case of drip line /inline drippers
Flush valves at sub-main and laterals
End cap
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The main components with a typical layout is illustrated in Fig.5.
1. Flexible tube
2. Lateral tube
3. Distributor tube
4. Pressure changer
5. Pressure preventing valve
6. Closure valve
7. Pressure distribution
8. Check valve
9. Fertiliser tank
10. Filter
11. Primary sub-tube
12. Multipoints irrigation tube
Fig. 5 : Fertigation - basic components

Essential considerations in designing a drip system:
•

Water availability/discharge of well

•

Daily irrigation requirement of crops

•

The HP of motor

•

Deciding the size of main and sub main pipes

•

Deciding size and length of laterals

•

Selection of drippers based on soil and crop types

•

The quality of irrigation water (EC, pH)

•

The soil characteristics like salinity, alkalinity, acidity, infiltration rate, etc.

•

Seasonal crop water requirement

•

Computing frictional/head loss and designing drip system with 20 per cent allowable variation in
flow and 10 per cent variation in discharge of emitters.

Operating pressure for desired discharge uniformity in drip system:
In drip irrigation, the operating pressure should be 1.2 to 1.5 kg/cm2(including fertigation) for achieving
a discharge uniformity of more than 90 per cent.
Common challenges encountered for adoption of drip system:
•
•
•
•
•

High capital investment
Lack of technical skills on maintenance
High salinity in water
Poor service after sale
Time-lag for installation

Different field problems encounter in drip system:
In field conditions, the major problems encountered in maintenance and operation of drip system are
clogging, displacement of laterals, rat and other animal bites, human damage due to inter-cultivation
activities, harvesting of sugarcane, etc.
Causes of clogging in drip system:
Irrigation water usually contains calcium and magnesium salts which precipitate along with carbonate
and bicarbonates causing deposits in pipes and emitter points. Also when irrigation water is drawn from
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lakes or ponds contain bacterial slimes and algae get deposited along the pipe network and emitters.
Thus, the discharge and flow rate in emitters and pipes are reduced.
Remedial measures for clogging and salt encrustation:
When low flow rate is detected in pipes, diluted HCl of 35 per cent concentration can be injected into
irrigation system through ventury or fertigation pumps. The salts in pipes and emitters are dissolved after
few hours and flushed out by a step-by-step procedure, first the main flush valves are opened, then submain flush valves and finally, the lateral end caps are removed for flushing away all the waste.
The quantity of acid to be used depends on the flow rate of irrigation system. For instance, if a pump
discharge is 20 m3, 20 litres of acid would be needed at 1 litre/m3. The commercial HCl is available at
Rs.6/litre and hence, it would require Rs.120 for acid flushing.
Cleaning of clogging due to bacterial stains:
If the drip system is clogged due to bacterial slimes and algae, sodium hypochlorite (10 per cent chlorine)
is to be injected. This chlorination kills bacteria and other microbes and cleans the whole system. Depending
on the degree of clogging, chlorination can be done at 5 ppm to 500 ppm and then flushed out as described
in acidification procedure.
Important aspects in maintenance of drip system:
•

Filters are to be cleaned periodically.

•

All the dusts/waste materials at the time of drip installation are to be first removed by flushing.

•

Ensure that first dripper in each lateral are functioning properly

•

If there is clogging due to salt, dilute HCl injection has to be done (as detailed earlier)

•

If there is clogging due to algae or bacteria, chlorination has to be done (as detailed earlier)

•

The drip laterals are to be wounded back at harvest after cleaning to enhance the life. Small
wheels can be used for winding laterals.

•

During fertigation, recommended fertiliser (soluble) alone is to be used. After fertigation, system
needs flushing to keep clean for next fertigation.

•

The flow rate in main/sub-main pipes and discharge of emitters should be checked periodically
with pressure gauge and measurements. Maintaining minimum operating pressure would result in
higher discharge uniformity.

•

Open line ends once in a month to drain all the dirt accumulated.

Filtration:
Filtration is the heart of drip system. It prevents solids from clogging of valves or accumulating in water
distribution piping system including emitters/drippers.
Basically, there are four types of filters:
•

Screen filter/disc filter

•

Gravel/sand filter: Used mainly for water containing organic matter and from open source.

•

Hydrocyclone filter: Designed mainly to separate suspended solid particles, especially when the
well water is used for irrigation.

While the screen or disc filter is a must, the other filters are selected as per local situation.
Fertigation:
Fertilisers can be efficiently applied along with irrigation water through drip irrigation system. This is
called fertigation. Fertilisers which are completely soluble should be injected. Fertilisers like super
phosphate, which are not soluble and create precipitation problems, should not be used. The soluble
fertilisers are injected into micro irrigation system through any one of the three devices, viz. ventury,
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fertiliser tank and fertigation pump. The cost of ventury, fertiliser tank (60 lts) and fertigation pump
would be Rs. 1,200, Rs. 6,000 and Rs. 12,000 respectively.
Fertigation in present day agriculture:
•

Fertigation ensures uniform and regular flow of both water and nutrients, resulting in increased
crop growth and yields.

•

Through fertigation, the three major nutrients are supplied in one solution to the active root zone
resulting in greater absorption.

•

Small quantities of fertilisers can be applied at closer intervals.

•

The system enables uniform distribution of nutrients in the root zone.

•

Each irrigated plant receives the same proportion of nutrients.

•

When combined with proper management, fertigation can avoid fertiliser leaching beyond the
root zone, resulting substantial saving in quantum of fertilisers (30-50 per cent).

•

Considerable savings of labour and energy in the application of fertilisers.

•

Micronutrients can be effectively applied through fertigation.

Suitable fertilisers for fertigation:
The fertilisers that are water soluble can be used for fertigation so that clogging can be reduced. For
nitrogen and potassium, the presently used fertilisers by farmers viz., urea and potassium chloride can be
applied as water soluble fertilisers. For phosphorus, the presently used DAP or super phosphates are not
water soluble. But recently, the GSFC, Vadodara is manufacturing urea phosphate (17-44-0), which is
water soluble and can be used by the farmers for fertigation. All other micro-nutrients like zinc sulphate,
iron sulphate, etc., are also water soluble and can be used for fertigation.
Water requirement under drip system:
Water requirement for crops varies according to crop geometry and the climate, especially evaporation
rate. Approximate water requirement of crops under drip as well as surface irrigation system is furnished
in Table 3. It shows upto 70 per cent water saving in the drip system.
Table 3 : Water requirement of horticultural crops under drip and surface irrigation
Crops

Water requirement (lit/plant/day)
Drip irrigation

Surface irrigation

Coconut

75-100

200-300

Grapes

25-30

90-100

Mango

30-50

90-150

Guava

20-30

70-100

Sapota

20-30

70-100

Pomegranate

20-40

60-130

Banana

12-16

30-40

Citrus

10-20

25-65

Papaya

5-8

18-26

Vegetables

1-2

4-8

Source: Reddy et al., 2010
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Computation of water requirement under drip system:
Following formulae can be used to compute water requirement under drip system
Volume in litres = Pe X Kp X Kc X A X Pw
Whereas, Pe = Daily pan evaporation rate, Kp = Pan co-efficient, Kc = Crop co-efficient, A = Crop
spacing, Pw = Percent wetted area.
For example, the water requirement computation for tomato is illustrated below:
Assume
Daily pan evaporation rate (Pe)
Pan co-efficient (Kp)
Crop co-efficient (Kc)
Crop spacing (A)
Percent wetted area (Pw)

:
:
:
:
:

Volume in litres

=
=
=
=
=
=

7 mm
0.8
0.9 at flowering
75 x 60 cm
80 per cent

PeXKpXKcX A XPw
(7/1000) x 0.8 x0.9 x(75*60)/10000 x (80/100))
0.0018m3
1 m3
1000 lit
Volume in litres
0.0018 x 1000
1.8 lit/day/plant
Example: No. of tomato plants/acre = 8888
Water requirement for one acre/day = 8888 * 1.8 = 16000 litres
No. of drippers in one acre at one dripper for two plants = 4444
Irrigation period=16000/4444 = 3.6/4LPH * 60 min = 54 minutes
Financial support from Central and State governments to farmers for adopting drip irrigation:
The Government of India and State governments have been providing subsidy since 1990s. As per the
recent guidelines of Government of India,the subsidy pattern is as below:
Table 4 : Cost of drip irrigation and norms of State government
S.
No.

Item

Practices

Cost norms & Central Share

State Share

1

Micro
irrigation

Drip Irrigation
(wide Spaced
crops)

35 per cent of the total cost of installations
for small & marginal farmers and 25 per cent
of actual cost installation for others in
non-DPAP/DDP/NE&H States

Additional 110 per cent
assistance to be
provided by state
Government to all
categories of farmers

50 per cent of the actual cost of
installations for small & marginal
farmers and 35 per cent of cost of
installation for others in DPAP/DDP
areas and NE&H States
Estimated cost of installation is Rs. 37200/ha
(average). However, assistance to farmers
will be as per norms of individual crop
spacing. Maximum permissible assistance
will be restricted to 5 ha per beneficiary/group
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S.
No.

Item

Practices

Cost norms & central Share

State Share

Drip Irrigation
(closed spaced
crops with
rows at less
than 1.2 metre)

35 per cent of the total cost of installations
for small & marginal farmers and 25 per cent
of actual cost of installation for others in
non-DPAP/DDP/NE&H States

Additional 10 per cent
assistance to be provided
by State government to
all categories of farmers

50 per cent of the actual cost of installations
for small & marginal farmers and 35 per cent
of cost of installation for others in DPAP/DDP
areas and NE&H States
Estimated cost of installation is Rs. 90,000/ha
(average). However, assistance to farmers
will be as per norms for different land sizes.
Maximum permissible assistance will be
restricted to 5 ha per beneficiary/group
*DAPA: Drought Prone Area Program, DDP: Desert Development Programme, NE&H States – North Eastern and Himalayan
States. Source: NMSA, 2014.

Unit cost for the drip system fixed by Government of India:
The Government of India has fixed the unit cost for different spacing as presented below:
Table 5 : Cost of drip system for different spacing and land size (Rs/ha)
Lateral Spacing

1 ha

2 ha

3 ha

4 ha

5 ha

Wide spacing
8m & above
4m to <8m
2m to <4m

23500
33900
58400

38100
58100
108000

59000
89300
161800

74100
131200
220600

94200
142400
271500

Closed spacing
1.2m to <2m
<1.2m

85400
100000

161300
193500

243400
292100

332800
399400

412800
495400

Source: NMSA, 2014

Farmers in the States can apply for micro irrigation subsidy. The following is the process for apply to
micro irrigation subsidy:
Unit cost of the drip irrigation system varies
based on location of the water source and plant
spacing and subsidy. Unit cost is lower in high
penetration areas and slightly higher in low
penetration States, where as unit cost is 15 per
cent higher in North-Eastern and Himalayan
States as compared to low penetration areas.
This is due to the terrain, higher transportation
cost and less presence of manufacturing
companies. The list of high, low penetration,
North-Eastern and Himalayan States along
with unit cost is given in following tables
(Table 6 to Table 9).
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Table 6 : List of States which falls under high and low penetration areas
High penetration

Low penetration

Andhra Pradesh, Delhi, Gujarat,
Goa, Haryana, Karnataka, Kerala,
Madhya Pradesh, Maharashtra, Punjab,
Rajasthan, Tamil Nadu and Telangana

Bihar, Chhattisgarh, Jharkhand,
Odisha, Uttar Pradesh,
West Bengal and Union Territories

North-Eastern and
Himalayan States

Source: Operational Guidelines of Per Drop More Crop (Micro Irrigation) Component of PMKSY, 2017, GoI.

Table 7 : Calculation of drip irrigation cost for subsidy in high penetration areas (Cost in Rs.)
Spacing (mXm)

0.4 ha

1 ha

2 ha

3 ha

4 ha

5 ha

12X12
10X10
9X9
8X8
6X6
5X5
4X4
3X3
2.5X2.5
2X2
1.5X1.5
2.5X0.6
1.8X0.6
1.2X0.6 (or lower spacing)

15853
16419
16826
17351
19096
20674
21414
23055
31156
36358
41369
30810
37845
50388

21643
23047
24035
25332
30534
34664
36562
42034
60065
73138
85603
63145
80599
112237

34417
37171
39145
41650
51045
59154
64084
72759
109345
141957
163137
116042
152551
213400

53437
57647
60610
64500
82472
85484
99965
112065
167011
206232
243633
177345
229637
323019

66480
72205
76238
81527
100016
108635
130884
140936
234396
286504
336484
246276
312784
435788

84653
91806
96852
103459
125498
145964
155778
176457
286297
351667
414002
302318
389511
545181

Source: Operational Guidelines of Per Drop More Crop (Micro Irrigation) Component of PMKSY, 2017, GoI.

Table 8 : Calculation of drip irrigation cost for subsidy in low penetration areas (Cost in Rs.)
Spacing (mXm)

0.4 ha

1 ha

2 ha

3 ha

4 ha

5 ha

12X12
10X10
9X9
8X8
6X6
5X5
4X4
3X3
2.5X2.5
2X2
1.5X1.5
2.5X0.6
1.8X0.6
1.2X0.6 (or lower spacing)

18231
18882
19350
19954
21960
23775
24626
26513
35829
41812
47574
35431
43522
57946

24889
26504
27640
29132
35114
39864
42046
48339
69075
84109
98443
72617
92689
129073

39579
42747
45017
47897
58702
68027
73697
83679
125747
163251
187608
133448
175434
245410

61453
66294
69702
74175
94843
98307
114960
128875
192063
237167
280178
203947
264083
371472

76452
83036
87674
93756
115018
124930
150517
162076
269555
329480
386957
283217
359702
501156

97351
105577
111380
118978
144323
167859
179145
202926
329242
404417
476102
347666
447938
626958

Source: Operational Guidelines of Per Drop More Crop (Micro Irrigation) Component of PMKSY, 2017, GoI.
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Table 9 : Calculation of drip irrigation cost for subsidy in
North-Eastern and Himalayan States (Cost in Rs.)
Spacing (mXm)

0.4 ha

1 ha

2 ha

3 ha

4 ha

5 ha

12X12
10X10
9X9
8X8
6X6
5X5
4X4
3X3
2.5X2.5
2X2
1.5X1.5
2.5X0.6
1.8X0.6
1.2X0.6 (or lower spacing)

20279
20976
21480
22133
24310
26295
27076
29214
40981
47085
52700
41079
50193
66444

27158
28920
30486
31809
40360
45339
47365
58655
77990
94259
108205
91160
113788
158489

46000
50458
52905
56041
67434
77616
81486
92858
136683
179140
204438
163016
210371
289296

73591
78775
82438
87264
139730
142545
160455
176213
226489
275295
317146
225796
293601
414684

111441
119138
123475
130037
159652
169569
197524
209935
333912
398722
454682
368375
454622
614137

144264
153071
159309
165828
200611
225871
236371
263341
414657
494350
564102
454067
567120
768964

Source: Operational Guidelines of Per Drop More Crop (Micro Irrigation) Component of PMKSY, 2017, GoI.

Measures to reduce the cost of drip system:
The major cost of drip system goes towards laterals and drippers (40 per cent each). Hence, by suitable
crop geometry, the number of drippers and laterals could be reduced by adopting paired row planting
system wherein one lateral for two rows and one dripper/emitter for two plants. In this system, the plant
population per unit area is maintained and hence, there is no compromise in yield in spite of reducing the
drip system costs.
Contact persons for Support and troubleshooting:
Famers can contact manufacturers, dealer, agriengineers from nearby research station of the
university, microirrigation program field staff, etc.

Sprinkler Systems
There are 10 major types of sprinkle systems. These
are divided into two basic groups, namely set systems
that operate with sprinklers in a fixed position and,
continuous move systems that operate while the
sprinkler is moving through the field.
Set systems:
Periodic move systems
Hand move lateral system
♦ Used for all crops and requires high labour
End toe lateral system

Fig. 6 : Sprinkler Irrigation System

♦ Laterals are towed lengthwise over the mainline from one side to the other in ‘S’ fashion. These
systems are used for irrigating grasses, legumes and other close growing crops.
Sides roll lateral system
♦ These are similar to hand move systems. Lateral pipes are rigidly coupled and a large wheel supports
each pipe joint. They are best suited to rectangular plots with fairly uniform topography without
obstruction.
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Side move laterals
•

These are periodically moved across the field similar to side roll laterals. The difference in this system
is ‘A’ frame instead of wheels supports laterals. These are suitable for most of field and vegetable
crops.

Gun and boom sprinklers
•

These will have 16 mm or more dia. nozzle attached to long discharge tubes and rotated by rocker arm
drive and can be set to irrigate part circle. Boom sprinklers have rotating arms ranging from 18 to 36
m in length. Water is discharged through nozzles strategically positioned along the arms and are
supported by cable suspension system. These are high discharge and high energy systems and suitable
for irrigating irregular fields.

Fixed sprinkler systems
•

All the system components are fixed in the field with sequential on-off valves fixed at various points
of irrigation outlets involves high investment.

Continuous move systems
Travelling sprinkler
•

It is a high capacity sprinkler fed with water through a flexible hose. It is mounted on self- propelled
chassis and travels along a straight line while watering. With discharge rate of 32 l/s, the sprinkler can
irrigate more than 120 m dia. in the field.

Centre – Pivot
•

It sprinkles water from a continuously moving lateral pipeline. The self-propelled lateral is fixed at
one end and rotates to irrigate a large circular area. A fixed end of a lateral, called pivot point is
connected to water supply.

Linear moving laterals
•

Self-propelled, linear moving laterals combine the structure and guidance system of a centre pivot
lateral with a travelling water feed system similar to a travelling sprinkler. For efficient operation,
linear moving laterals require rectangular fields with no obstruction.

Application efficiencies of sprinkler systems Table 10 gives information on well-managed sprinkler
systems. These efficiency values can be used in preliminary designs.
Table 10 : Typical application efficiencies for well-managed sprinkle systems
Systems and environmental conditions

Efficiency
(in percentage)

Moving and set systems with excellent uniformity in cool and low wind conditions

85

Set systems with medium to high application rates and good uniformity in most
climates and low winds

80

Moving systems in desert climates and high winds

75

Set systems with high application rates in desert climates with high winds, travellers

70

Set systems with moderately low application rates in desert climates and high winds

65

Set systems with low application rates with small drops operating in low desert
climates and medium to high winds; Gun or Boom sprinklers

60

Application rates
Low: 2.5 to 5 mm/hr
Medium: 5 to 10 mm/hr
High: >10 mm/hr

Wind speed
low: 0 to 8 km/hr
medium: 8 to 16 km/hr
high: 16 km/hr
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Design procedures for sprinkle systems:
The first activity in design process is to collect basic farm resource data, which include topographic map
showing obstacles and farm boundaries, as well data on water quality, quantity, weather, crops and soils.
These preliminary data lead to determining peak use rate, infiltration capacity, maximum depth of
application per irrigation, application rate and system capacity.
Checklist for design
1. Make an inventory of available resources and operating conditions. Include information on soils,
topography, water supply, and source of power, crops and farm operation schedules.
2. Using actual field data, local irrigation guides, estimate depth or quantity of water to be applied
during each irrigation.
3. Determine the average peak period, daily consumptive use rates and the annual irrigation requirements
for the crops under consideration.
4. Determine design use frequency of irrigation or the length of shortest irrigation period.
5. Determine capacity requirements of the system.
6. Determine optimum water application rates. Maximum rates are often obtainable from local irrigation
guides.
7. Consider several alternative types of sprinkler systems keeping views of the owner.
8. For periodic move and fixed sprinkle systems, determine:
a) The sprinkler spacing, discharge, nozzle sizes, and operating pressure for the optimum application
rate.
b) The number of sprinklers that must be operated simultaneously to meet system capacity
requirements.
c) The best layout of main and lateral lines for simultaneous operation of the approximate number of
sprinklers required.
d) Final adjustments to meet layout conditions.
e) Required sizes of lateral pipe.
f) Maximum total pressure required for individual lateral lines.
9. Determine required sizes of main pipeline.
10. Check mainline pipe sizes for power economy.
11. Determine maximum and minimum operating (pressure and discharge) conditions.
12. Select the pump and power unit of for maximum operating efficiency within the expected range of
operating conditions.
13. Prepare plans, schedules, and instructions for proper layout and operation
Characteristics of sprinkler heads
The hardware design process should begin with the sprinkler selection, continue with the system layout,
and end with the design of the lateral, main line, and pumping plant. Sprinklers are classified according to
their operating pressure range and their position in relation to irrigated crops. The general layout of
sprinkle system is given in Figure 5.
Precipitation profiles and recommended spacing
In choosing a sprinkler, the aim is to find the combination of sprinkler spacing, operating pressure, and
nozzle size that will most nearly provide the optimum water-application rate with greatest degree of
uniformity of distribution.
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Each type of sprinkler has certain precipitation profile characteristics that vary with nozzle size and
operating pressure and result in an optimal range of operating pressures for each nozzle size. In selecting
nozzle sizes and operating pressures for a required sprinkler discharge, the designer should know that
different pressures affect the profiles as follows:
1. At lower side of the specified pressure range for any nozzle, the water remains in large drops. When
pressure falls too low, the water from the nozzle concentrates in a ring {placed at} a distance from the
sprinkler, giving a poor precipitation profile.
2. On the high side of the pressure range, the water from the nozzle breaks up into fine drops and settles
around the sprinkler. Under such conditions, wind movement easily distorts the profile
3. Within the desirable range, the sprinkler should produce a precipitation profile.
At a given pressure, large drops are obtained from large nozzles and fine sprays from small ones. All
manufacturers of revolving sprinklers recommended operating pressures or ranges of pressures that will
result in the most desirable application pattern for each combination of sprinkler and nozzle size. Wind
distorts the application pattern, and the higher the wind velocity, the greater the distortion. This distortion
must be considered while selecting the sprinkler spacing.
The depth of water applied to an area surrounding a revolving sprinkler varies as the distance from the
sprinkler increases. Thus, to obtain a reasonably high degree of uniformity of application, water from
adjacent sprinklers must be added. Manufacturers of sprinklers specify a wetted diameter for all nozzlesize and operating –pressure combinations for each type of sprinkler in their lines. As it is common for
sprinkler-spacing recommendations to be made on the basis of these diameters, the planner must carefully
consider them. The precipitation profile is also important when making sprinkler-spacing recommendations.
Sprinklers operating in low winds produce characteristic precipitation profiles. Conditions that affect
both the diameter and profile of a sprinkler’s precipitation pattern are: direction and velocity of wind
measured from the ground level to the top of the jet trajectory; height and angle of risers; turbulence in
the stream of water entering and leaving the nozzle; pressure of the nozzle; and size of the nozzle.
Characteristics of the sprinkler itself that affect its performance are the angle of the stream trajectory and
the design of the driving mechanism that determines the speed and uniformity of rotation. With such a
complex set of conditions, the practical way to determine a sprinkler’s profile type and diameter is to
place catch gauges in the precipitation area and record and evaluate the results.
As a general recommendation, moderate and intermediate pressured sprinkler should be spaced as follows:
1. For a rectangular spacing, use 40 by 67 per cent of the effective diameter based on the average wind
speed during the setting.
2. For a square spacing, use 50 per cent of the effective diameter based on average wind speed during the
setting.
3. For an equilateral triangle spacing, use 62 per cent of the effective diameter based on average speed
during the setting.
Nozzle size and pressure
In general, the relationship between pressure and discharge from a sprinkler can be expressed by orifice
equation:
(3)
q =Kd√p
Where, Q = sprinkler discharge, l/min
Kd= appropriate discharge coefficient for the sprinkler and nozzle combinedand the specific units used.
P = sprinkler operating pressure, kPa
H = sprinkler operating pressure head, m
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System capacity requirements
The capacity of system can be computed by the formula:
Qs=K Ad / fT

(4)

Where, Qs= system discharge capacity, L/s
K = conversion constant, 2.78 for metric units
A = design area, ha
d = gross depth of application, mm
f

= operating time allowed for completion of one irrigation, days

T = average actual operating time per day, hr/day
Intake and optimum application rates
The rate at which water should be applied depends on the following:
•

The infiltration characteristics of the soil, the field slope, and the crop cover ;

•

The minimum application rate that will produce a uniform sprinkler distribution pattern and satisfactory
efficiency under prevalent wind and evaporative demand conditions; and

•

The coordination of the lateral moves for periodic-move systems with over operations on farm.

Computing set sprinkler application rates
The average application rate froma sprinkler is computed by using the formula given below and suggested
maximum application rates of sprinklers are given in Table 5 for various slopes.
I= Kq/(Se x Sl )

(5)

Where, I = average application rate, mm/hr; K = conversion constant, 60 for metric units;
q = sprinkler discharge, L/min ; Se = spacing of sprinklers along the laterals, m;
Sl = spacing of laterals along the main line, m
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18. Alternative Livelihood Practices
(Azolla, Mushroom and Kitchen Garden)
- N. Narayana Reddy, Sangeet Kumar and Shrikant V. Mukate

AZOLLA
Introduction
Green fodder shortage haunts the nation in about 1/2 of the year- in the dry season (January to June).
Farmers can only provide grains skin or stalk and low nutrition fodder and let the cattle free for grazing in
the fallow farms/ lands (including waste lands). Lactating cattle need daily minimum 2 kg grains/ feed.
Farmers near cities provide the cattle rice husk or stalk or Wheat husk along with nuts and de-oil cakes
(DOC). Rice husk/ stalk or Wheat husk needs to be bought at Rs. 1-2/- kg and Nuts/ DOC at Rs. 10-15/kg. The feeds being costly, only very limited amount is available to the cattle which is clearly inadequate.
This is the main reason behind the low milk yield of below 1 litre daily for majority of the cattle in India.
It makes the cattle rearing a loss making endeavour and the farmers are departing from it.
Azolla is a miracle in the alternative feed for the cattle as it ensure year round green fodder availability
with little water required. To meet the ever-growing demand for milk products it is necessary to make the
cattle rearing profitable. This requires cutting down the input cost on fodder and feed (today it comprises
70 per cent of all inputs). A natural feed like Azolla can be crucial to such cost cutting as it contains fibre,
proteins & vitamin- 3 in one! Green fodder is the most important in the cattle diet and comprise 85% of it.
Green fodder availability has reduced considerably recently in India due to the reducing are of the grazing
lands and cropping pattern change (food crops with stubble used as fodder e.g. millets, replaced by cash
crops with no fodder value e.g. cotton). The fodder or feed shortage is met from the market purchased
supplements which are costly and cut gains in cattle rearing. Azolla can be a boon to overcome these
problems as it can be grown in the home gardens and round the year with just 1 water tank. This is found
successful in nearly nationwide.

Azolla- a Wonder Crop
It is a fast growing plant that floats on the water. Azolla is also grown in the paddy farming like a green
manure crop same way the blue green algae is grown in it. This green input improves the soil carbon and
nitrogen content and its fertility, improving the crop yield much. Blue green algae grows symbiotically
on the Azolla surface. Azolla provides the carbon source and atmpsphere for the algal growth. This
symbiosis make Azolla a high protein plant. Azolla is grown in the tropical and subtropical climates and
is often grown in shallow waters or paddy fields.
Azolla is low cost, easy to digest and nutritious supplementary food for the cattle. It improves the milk
yield notably and may improve cattle fertility. It relieves the blood in cattle urine, caused by phosphorus
deficiency. Azolla also provides iron & calcium to the cattle. Azolla has many amino acids, proteins,
vitamins (A, B-12, beta carotene) and mineral salts such as calcium, phosphorus, iron, potassium, copper,
magnesium etc. It has 40-60 per cent protein by dry weight, 10-15 per cent minerals and 7-10 per cent
amino acids etc. It has no fat so its very good feed for the cow, buffalo, goats, sheep, poultry, etc. Daily
1.5-2 kg of Azolla feed causes milk yield rise by 15-20 per cent and also of better quality.
Azolla feed is liked by the poultry birds and broiler birds get more weight while the layer give more eggs.
Ducks, goat-sheep, pigs and rabbit also benefit from Azolla consumption regularly.

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)

155

Table 1 : Azolla comparison with other fodder crops
CR2OP

Yield ton/ ha

Soild part %

Protein %

730
250
80
35
40

56
50
16
7
32

20
4
3
1.4
0.6

Azolla
Napier hybrid
Leusarne/Rijka
Lobia
Sorghum

Source: https://www.knowfarming.com/azolla-farming-information
Fig. 1 : Azolla cultivation

Operations
Azolla production is very easy. Dig a pit 2 m long, 2 m wide and 30 cm deep, under shed, and covered
below with plastic sheet to avoid water seepage. If possible use ultraviolet reflecting sheet. Azolla is also
grown in cement tank of same size but no plastic flooring needed then.
Spread 10-15 kg soil in the pit. Add 2 kg cow-dung, 30 gram single super phosphate (SSP), 10 litre water
with 10-12 cm deep. Add 500-1,000 gram Azolla culture. It is available for sales/ to grow at Agriculture
university- microbiology department/ agree science centre (KVK). It grows very fast and covers the pit in
15 days. Now you can removed 1 to 1.5 kg Azolla daily with bamboo stick/sieve. Add each week 20 gram
SSP and 1 kg cow dung to the pit for fast growth. Wash with clean water and feed the cattle with 1.5-2 kg
Azolla daily. One pit per cattle is required.

Protocols
1. Harvest 200 gm Azolla minimum daily for fast growth.
2. Azolla can stand maximum temperature of 30 degree Centigrade so shade is needed over the tank
where it grows.
3. Add SSP & cow-dung as above weekly.
4. Every month add 5 kg fresh soil in the azolla tank to ensure adequate nutrition.
5. Check pH value of the tank water of Azolla and keep it in the range of 5.5 to 7.
6. Change 25 per cent of the water with fresh one every 10 days in the Azolla tank.
7. Every 6 months, empty, wash, dry & freshly prepare Azolla tank with soil, cow dung, Azolla culture
and water.
8. Azolla cost is very less- below Rs. 1 per kg but the price of fresh Azolla leaves is about Rs. 10 to 15/
- kg from local to urban (branded) markets. So its very profitable.

Achivements Led by Technology
1) Azolla is mostly women lead household enterprise, it provides them income, identify and thus empowers
them.
2) Azolla is year round crop with limited water inputs, so inventive.
3) Azolla provide carbon source and atmosphere for blue green algae that is very useful for rice farm
fertility.
4) Azolla may be helpful to overcome cattle infertility.
5) Azolla is useful for all domestic animals- poultry to pigs, it’s a wonder!
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Operation Kit
Preparation of Azolla
1

Gather azolla, and bring it homein a plastic cover, then put it in
atub that has water in it. It will befresh for only 2 days. It
shouldnot be exposed to sunlight.

2

Make a pit that is 5 feet by 3-3 ½feet. The floor of the pit shouldbe
very even. Remove anyroots.

3

Spread out the plastic sheet.It should be 2 feet longer and 2 feetwider
than the pit, with no holes.The sheet must be spread out smooth.The
sheet’s outer edges should befixed with mud so that they don’tmove.
Making this mud wall around the pit also helps to keep things out of the
pit.Any mud that has fallen in should beremoved completely.

4

Now fill the pit with water. The depth of the water should bethe
same as the height of a brick.The water level must bemaintained
daily – if it goes down add more water.
Even small holes in the sheet willresult in water leakage.

5

Add 1 ½ kilograms of cow dung.

6

Bring azolla in jeevamuthra water and add it to the pit.
In 15-20 days, the azolla will grow to fill the pit.

7

The pit must be in the shade. If the pit isn’t under a tree, build
ashelter for it. If the shelter is damaged, you must repair it.

8

When the azolla has grown to fill the pit, remove some and wash
it to get rid of the cow dung smell before feeding to the cow. If
the cow will not eat it, wash itagain and give it to the cow. Start
with feeding the cow 75-100 grams of azolla daily in the morning,
then increase up to 1 kg.

From time to time, add jeevamuthra or
cow dung water (slurry). Every now and
then ½to 1 kg of cow dung can be added.
Do not dry the azolla.

If you remove 100 g of azolla from the pit oneday, the next day it
will have grown back.Azolla can also be used to fertilise paddy.
Azolla absorbs nitrogen from the atmosphere.
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MUSHROOM (Alternate livelihood)
Introduction
The fungus that looks like leaf or fruit, which can be
cut, cooked and eaten, mostly above ground is called
“mushroom”. It does not contain the green pigment
‘chlorophyll” that distinguishes the flowering plants.
Mushroom grow on dead and rotten organic matter.
Mushroom spreads thread like structure called
“mycelium” in the dead oraganism to suck nutrients.
Generally the mushrooms look like a umbrella, grey
or yellow brown in colour, with a central stick and
circular, flat or rounded cap. The body is spongy,
fleshy. Other accessory structures like a wing, hands
etc. may also be present in different growth stages.

Fig. 2 : Mushroom- button

The cap makes spores (minute seeds) that make fresh mycelium where they flow and settle, to make
another mushroom. All mushrooms are not fit to eat and some can be poisonous too. Scientifically grown
ones are safe to eat.

Types of Mushrooms- India
Mushroom is very nutritious for the vegetarians that lack
the nutrition from the meat. Mushrooms are mainly of 2
types:
a) Button- with thick, flesh cap and stalk (umbrella like)
as above, grows in the winter.
b) Oyster- flat, mostly lacking the long stalk, growing
directly on the medium in the rains.

Fig. 3: Mushroom- Oyster growing
on the paddy straw

Importance of Module

Mushroom is a solution to the need of growing more food from less land and water while also reducing
the unemployment, promote rural entrepreneurship. It can be grown at home, can be grown year round
and its familiarity and consumption is ever-rising, so ease to sell locally. Mushroom is cheaper option of
protein diet than pulses, meat or milk.

Production Technology
Oyster Mushroom
•

Buy seeds from quality, reputed source e.g. Agricultural University/KVK.

•

Wash wheat husk or rice straw 2-3 times well to be clean.

•

Boil the straw/husk ball in the water for 30 to 60 minutes.

•

Spread the husk/straw on plastic to cool by spreading in thin layer.

•

The material is now the growing medium, filled in a plastic bag.

•

Mix the spawn in the medium (100 gram seed/1 kg medium).

•

Spread some dry husk/straw on it and make 2-3 such layers.

•

Make few holes for aeration on the polythene bag.

•

Keep the temperature of the room 22-28 degree Celcius and 80 - 85 per cent humidity.

158

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)

•

The light may be provided by LED bulb but avoid direct sunlight on the mushroom.

•

Mushroom mycelium (white) will spread in 15-20 days.

•

Keep adding water as needed weekly, crop will be ready in 5-10 more days.

•

Up to 800-900 gram mushroom can be harvested in 3-4 months from the medium.

Button Mushroom
The technique is divided into two partsPreparing the feed:
Wheat husk - 500-900 kg; Poultry dung- 150 kg; Urea- 8-9 kg; Potash- 20 kg
Single upper phosphate- 20 kg
1. Submerge the straw in 2 days in clean water.
2. After 2 days mix the nutrients well with the straw.
3. Cover the mix with polythene sheet For 5-6 days.
4. Turn, mix well every 3 days the material until 28 days. Spray water to keep it moist.
Growing mushroom
1. Mix mushroom spawn 2-3 kg per 100 kg of feed.
2. Fill the polythene bag and cover with paper.
3. Make few holes for aeration on the polythene bag.
4. Keep the temperature of the room 22-28 degree Celcius and 80-85 per cent humidity.
5. The light may be provided by LED bulb but avoid direct sunlight on the mushroom.
6. Mushroom mycelium (white) will spread in 15-20 days.
7. Apply casing lightly and spray with 2 per cent formalin mixture.
8. Mushrooms will start growing in 5-7 days and eady to harvest in 1 week.
9. Up to 15-16 kg mushroom can be harvested in 3-4 months from 100 kg medium.
Rajendra mushroom- Dudhia 1 farming
1. Rajendra mushroom- Dudhia 1 type can be cultivated easily during April to October (28-300C
temperature).
2. Soak straw/ hus for 10 hours in water.
3. Boil for 30 minutes the straw/ husk means doing disinfection.
4. Spread polythene sheet on the clean floor and dry the straw/ husk on it.
5. Mix 4-5 per cent mushroom seed by weight and fill the straw in 60 x 30 cm polythene bags & seal
their mouth. Keep it in the growing chamber (temperature 28-300C & 80 per cent humidity). Keep
spraying water on the floor and walls on drying to maintain humidity.
6. In about 12 days the straw is covered by mushroom mycelium when caesing is done.
7. Cow dung 2 years old and/ or garden soil is used to cover the mycelium (caesing). Spray water to
keep humidity regularly.
8. Mushroom starts yielding in 15-20 days, and can be harvested in another 5 days.
9. Clean, wash and cook/ sell. Production cost is Rs. 30/- kg, sales price is Rs. 125/- kg. Profit is 70
per cent of sales income.

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)

159

Pual mushroom- volverilla
1. Make 60-90 cm long rice straw bundle 20-22 cm thick. Soak
in water 6-8 hours.
2. Spread polythene sheet on the clean floor and dry the straw/
husk on it.
3. Boil for 30 minutes the straw/ husk means doing disinfection
and dry it again.
4. Make 4 bundles of the straw and keep side by side with face
on upper side. Spray seeds on it now. Cover the bed with
polythene sheet.

Fig. 4 : Volverilla mushroom

5. Maintain the temperature 28-300C & 80 per cent humidity. Keep spraying water on the floor and
walls on drying to maintain humidity.
6. Spray water on inside the straw after 7 days if drying is seen and cover the sheet again.
7. In about 15-20 days mushroom starts yielding and harvest for use/ sales in 5 days.
8. After the harvest, cover the sheet again after spraying water.
9. About 3-5 such harvests are available from abed this way.
10. Use fresh.
11. Production cost is Rs. 25/- kg, sales price is Rs. 100/- kg. Profit is 75 per cent of sales income.
Management and precautions
1. Mushroom growing room should be dark and keep the doors windows closed for 15 days.
2. Windows should be in front so that on opening the air can circulate well.
3. Open the door/ window ½ to 1 hour morning- evening after 15 days to let the toxic air out.
4. Remove shoes out of the room while entering the room.
Disease name- damping off
Spray trichoderma 10 gram/ litre decoction once.
Spray Neem leaves and can smoke with Neem leaves once.
Spray soar curd (fermented 5-6 days) diluted in 30 times water and used.
Mushroom recipes
1. Tell your customers the health benefits of mushrooms and its tasty dishes so they buy it more.
2. Mushroom can be cooked into kofta, kadhee, salad, pickle, kheer (pudding), biryani, rayata (with
curds).
3. Mushroom can be dried and stored for long time. It can be added with water and cooked like fresh.
Health benefits of mushroom
Mushroom cap has 90 per cent moisture, only 0.6 per cent fat (negligible). It is a boon for fighting
obesity, diabetes and people with heart disease.
Table 2: Mushroom nutrition
Part

%

Part

%

Water
Dry weight
Protein
Carbohydrate

90
10
2.5 to 3.0
4

Fat
Fiber
Ash

0.4 - 0.6
1
1

Mushroom- is rich in protein so can be mixed with rice/ wheat to complement their protein deficit. Lactating
mothers, pregnant women, children require protein for growth.
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Vitamin- Mushroom is rich in B-complex, vitamin-C which are common deficiency among the people.
Thiamin, niacin, riboflavin vitamin complex are obtained from mushroom.
Minerals- Potassium, magnesium and iron are abundant in the mushrooms. It is good for acidity patients.
As potassium is more, it is good for blood pressure patients also.
Fibre- Mushrooms have 1 per cent fibre by weight (wet) and 10 per cent (dry weight) so it avoids
constipation.
Medicinal properties- Mushrooms have anti-cancer properties. It reduces cholesterol and blood pressure
and improves blood circulation.
Table 3 : Protein contents of various foodsMushroom (dry)
Milk
Egg
Fish
Chicken

33%
3%
12%
19%
20%

Benefits of mushroom cultivation
1) Rs. 4,000/- to 5,000/- extra income/ family
2) Women empowerment
3) Consumer health benefit

Kitchen Garden
Introduction of kitchen garden
•

In this module we will learn about agriculture that can take care of the right nutrition for you and
your family in the low cost and the hard work.

•

The place that lies before or behind our house; It is useful to grow some important vegetable in the
land which is useful in our daily use and provides all the nutrients for our health.

•

You can grow some vegetables in the vicinity of your surroundings for daily use. But it is necessary
that we use our land and the right way to properly utilise some selected vegetables to supply
nutrients found in vegetables continuously for the entire family.

•

The nutritious garden is a piece of land where we cultivate vegetables, and some fruits according
to the needs and preferences of our family as well as to earn some extra income.

•

It is done on the front or back of the house, which is usually called ‘badi’, also NABARD funded
programme for NGOs/federations.

•

It uses compost and household water made from household activities.

•

No use of chemical fertilisers or pesticides is desired in the nutritious garden, it utilises biological
methods only.

Fig. 5 : Vegetables grown in kitchen garden
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Module content - implementation
•

20 X 20 feet land is enough for a family of 5 members.

•

In the measure of 20 X 20 ft, 13 different sticks are made.

•

It is to be done in a hundred per cent biological way.

•

In addition to hybrid seeds, it is necessary to use indigenous or advanced inputs so that the farmers
do not depend on the market.

•

It has to be planted along side edges of some fruit trees such as banana, papaya, lemon, mango,
etc.

•

In view of the farming season it is necessary to change the crops.

•

It is important to keep in mind the direction that large plants are not easy.

Operating Model
A. Some important things before starting a Kitchen/Nutrition garden
•

First of all, select a place around the house where sunlight falls all over the garden.

•

There must be a good quality soil and leveled land.

•

Land should be easily irrigated.

•

Do not throw the seeds of the vegetable, dry and store the seeds properly and use it in the nutrition
garden so that we do not need to purchase seeds from the market.

How to prepare the plot of land

Fig. 6 : Layout

Plot dimensions
The length of the each plot should be 10 feet and width of 3 feet and make a 1 feet water channel in
between each plot.
•

Use good quality seeds.

•

Prepare bichada 20-25 days before planting in kitchen garden.

•

Plant vegetables in 5 plots, after 30 days go for more 5 plots meanwhile prepare plants for next
plot, with this technique get variety of vegetables continuously.

Achievements with the help of technology
•

Means of additional income of 2 to 3 thousand rupees per year.

•

Domestic production system driven by the leadership of women.

•

Increased adaptability of climate change due to adoption of risk diversification system.

162

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)

Table 4 : Estimated yield / profit from Kitchen/Nutrition Garden
S. No.

Vegetables

Average production in
Kharif season (Kg)

Average price
per kg

Total
Saving

1
2
3
4
5
6
7
8
9
10
11
12
13

Tomato
Brinjal
Lady finger
Pumpkin
(Jingle)
Bittergourd
Spinach
Red Spinach
Cucmber
Chillie
Beans
Radish
Corianderleaves

20
30
8
50
15
10
10
10
6
5
5
5
1

15
12
15
10
15
20
10
10
15
30
15
15
30

300
360
120
500
225
200
100
100
90
150
75
75
30

Total

175

2325

Fig. 7 : Instrument Kit
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Benefits of some of the essential nutrients found in some important vegetables grown in kitchen garden

Summer Vegetables
BOTTLE GOURD
• Planting Distance 180 X 50cm
• Number of plants– 4
Nutrient contents in bottle gourd /100gm
• Water content– 92%
• Carbohydrate 2.9mg
• Calcium– 26mg
• Vitamin C – 11mg
Benefits of Bottle gourd
• Kills the harmful bacteria present in stomachI
• Improves digestion
• Controls Asthama, Ulcer and high blood pressure
CUCUMBER
• Planting Distance- 100 X 30cm
• Number of plants– 9
Nutrient contents in Cucumber/100gm
• Water content– 96%
• Vitamin C - 2mg
• Vitamin K – 16mg
• Iron– 2mg
• Calcium– 16mg
Benefits of of cucumber
• Keeps body hydrated

• Sugar Control

BITTER GOURD
• Planting Distance– 100 X 30cm
• Number of plants– 9
Nutrient contents in Bitter gourd/100gm
• Vitamin A – 48mg
• Vitamin C – 92mg
• Calcium– 4mg
• Iron– 5mg
Benefits
• Helps to purify blood and maintains sugar level
• helps to increase immunity against allergy
• Enhances eyesight
• Stomach cleaning
BRINJAL
• Planting Distance– 60X 30cm
• Number of plants – 15
Nutrient contents in Brinjal/100gm
• Calcium– 18mg
• Potassium– 229mg
• Iron– 3mg
• Vitamin C – 3mg
Benefits
• White colored brinjal mainains blood sugar level
• Maintains blood pressure
• Helps to remove anemia
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COWPEA
• Planting Distance– 60 X 10cm
• Number of plants – 30
Nutritional contents /100gm
• Iron– 13mg
• Magnesium– 13mg
• Potassium– 278mg
• Fiber– 3.3gm
Benefits
• Cowpea Fibers helps to fight with stomach problems
• Reduces cholesterol content
OKRA
• Planting Distance– 60 X 10cm
• Number of plants – 30
Nutritional contnets/100gm
• Iron– 3mg
• Magnesium– 14mg
• Potassium– 250mg
• Calcium– 60mg
• Protein– 1.5gm
• Vitamin C – 13mg
Benefits
• Increase digestion
• Reduces heart related issues
• Increases memory power
• Increases immune system
RIDGE GOURD
SPONGE GOURD
• Planting Distance– 100 X 30cm
• Number of plants– 9
Nutritional contents/100gm
• Vitamin C – 9mg
• Vitamin A- 5mg
• Potassium– 450mg
• Calcium– 20mg
• Iron– 2mg
Benefits
Helps to clean our blood and liver.
SPINACH
• Planting Distance– 35 X 5cm
• Number of plants– 200
Nutritional contents/100gm
• Water content– 90%
• Vitamin C – 46mg
• VitaminA – 187mg
• Calcium– 9mg
• Iron– 15mg
• Potassium– 550mg
Benefits
• Increases blood level
• Maintains iron content in body
• helps to reduce asthama
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AMARANTH LEAVES
• Planting Distance– 35 X 5cm
• Number of plants– 200
Nutritional contents/100gm
• Water content– 90 %
• Vitamin A – 200mg
• Vitamin K – 100mg
• Vitamin C – 49mg
• Iron– 2.9mg
Benefits
• Reduces cholesterol

• Enhances eye sight

Vegetables in Rabi
CAULIFLOWER
• Planting Distance– 40 X 30cm
• Number of plants– 24
Nutritional contents/100gm
• Vitamin– 10mg
• Vitamin– 5mg
• Iron– 2mg
• Calcium– 1m
Benefits
• Colin found in cauliflower helps to cure
brain related diseases
• Cancer resistatnt copounds are found in cauliflower
CABBAGE
• Planting Distance– 40 X 30cm
• Number of plants– 24
Nutritional contents/100gm
• Water content– 90%
• Vitamin C – 20mg
• Vitamin E – 10mg
• Calcium– 1.5mg
• Iron– 2mg
Benefits
• Sulforafin chemical compound help to cure
heart related diseases
• Cancer resistatnt copounds are found in cauliflower
TOMATO
• Planting Distance– 60 X 30cm
• Number of plants – 15
Nutritional contents/100gm
• Vitamin C – 22mg
• Vitamin A – 16mg
• Sugar– 2%
• Potassium– 250mg
Benefits
• Tomato prevents lung cancer
• Enhances eyesight
• Prevents skin diseases
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FRENCH BEANS
• Planting Distance– 40 X 15cm
• Number of plants– 49
Nutritional contents/100gm
• Vitamin A – 3mg
• Vitamin B-6 – 5mg
• Iron– 5mg
• Carbohydrate– 7gm

•
•
•
•

Benefits
• Strengthen bones
• Enhances eyesight

• Anemia Prevention
• Prevents gas formation in stomach

Vitamin C – 27mg
Calcium– 3mg
Fiber– 1.8%
Protiens– 94%

CARROT
• Planting Distance– 35 X 5cm
• Number of plants– 200
Nutritional contents
• Vitamin C – 10mg
• Vitamin B-6 – 5mg
• Iron– 2mg

• Vitamin A – 330mg
• Sugar– 4.7gm
• Potassium– 320mg

Benefits
• Beta carotene increases blood level
• Enhance eyesight
RADISH
• Planting Distance– 35 X 5cm
• Number of plants– 200
Nutritional Contents/100gm
• Vitamin C – 24mg
• Vitamin B-6 – 5mg
• Potassium 233mg
• Calcium– 25mg
• Sodium -10mg
Benefits
• Some of the minerals prevent cancer cells growth
• Enhances eyesight
• Kidnee stone care
FENUGREEK
• Planting Distance– 35 X 5cm
• Number of plants– 200
Nutritional Contents/100gm
• Iron– 186mg
• Potassium– 770mg
• Calcium– 17mg
• Sodium– 67mg
• Magnesium– 48mg
• Vitamin-C – 5mg
Benefits
• Iron content (anemia) strengthen the bones
• Beneficial for Sugar patients
• Reduces the urinary stone formation
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CORIANDER
• Planting Distance– 35 X 5cm
• Number of plants– 200
Nutritional contents/100gm
• Vitamin C – 45mg
• Vitamin A – 134mg
• Vitamin K – 3mg
• Vitamin E – 5mg
• Potassium– 520mg
• Iron– 9mg
Benefits
• Enhances eyesight
• Increases blood heamoglobin
• Beneficial for anaemic patients and reduces body heat e.g., skin boil
Vegetables in Kharif
CHILLI
• Planting Distance– 60 X 30cm
• Number of plants– 20
Nutritional contents/100gm
• Vitamin A – 19mg
• Vitamin C – 239mg
• Vitamin B-6 – 25mg
• Potassium– 322mg
• Iron– 5mg
Benefits • Enhances eyesight • Maintains sugar level
INDIAN BEANS
• Planting Distance– 60 X 10cm
• Number of plants– 40
Nutritional Contents/100gm
• Iron– 25mg
• Protiens– 8gm
• Potassium– 337mg
• Sodium– 7mg
• Magnesium– 20mg
Benefits • Cleans the stomach
• Supplies protiens
VINE SPINACH
• Planting Distance– 30 X 5cm
• Number of plants – 140
Nutritional contents
• Vitamin-A – 400mg
• Vitamin C – 102mg
• Iron– 3mg
• Calcium– 109mg
• Potassium– 312mg
Benefits : Due to the high content of Vitamin A and
C enhances eyesight and reduces skin diseases.
WATER SPINACH
• Planting Distance– 35 X 5cm
• Number of plants– 200
Nutritional contnets/100gm
• Vitamin C – 92mg
• Vitamin A – 126mg
• Iron– 9mg
• Potassium– 312mg
• Sodium– 113
Benefits
• Purify blood and reduces skin diseases
• beneficaial for diabetic patient • Helps to cure ulcers and acidity
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19. Climate Resilient Interventions through
Livestock and Poultry Farming
- B. Ganesh Kumar

Introduction
Livestock is key to food security. Meat, milk and eggs provide 34 per cent of the protein consumed
globally as well as essential micronutrients such as vitamin B12, A, iron, zinc, calcium and riboflavin.
But their contribution to food security and nutrition goes well beyond that, and includes a range of other
goods and services such as animal manure and traction. Hundreds of millions of vulnerable people rely
on livestock in a changing climate, because of animals’ abilities to adapt to marginal conditions and
withstand climate shocks. On the other hand, livestock production is likely to be adversely affected
by climate change, competition for land and water, and food security at a time when it is most needed.
India has a large livestock population, regarded by some as an asset provided in plenty by nature, and by
others as a burden. Since 1971, when ‘poverty eradication’ became the main theme of development
planning, Indian government recognised the livestock development programme as an important tool for
poverty alleviation. The focus of the programme has been on improving production of livestock
commodities for income generation. In India, underprivileged families contribute 70 to 80 per cent of the
total livestock produce and livestock is central to their livelihoods and culture. Hence, to improve the
livelihoods of the underprivileged families, we need to understand their way of life, livestock production
systems and their perceptions and about the role of livestock in their livelihood.
For sustainable rural livelihood, resource poor farmers have to overcome technical, economic and social
constraints to take benefit of increasing demand of livestock products and compete with commercial
producers. There are indications that this can be done in developing countries by complete understanding
of the different production systems evolved over a period of time and introduction of improved and
appropriate technologies eliminating the constraints faced by the farmers.
Livestock comprise about 25 per cent of the agricultural economy and they often help even the poorest
community even the landless to earn. Dairy is known to be pathway for development, as the famous Amul
milk cooperative story of western India.

Need of the Module
Livestock products are responsible for more greenhouse gas emissions than most other food sources.
Emissions are caused by feed production, enteric fermentation, animal waste and land-use change.
Enteric methane emissions represent 30 per cent of global methane emissions. Because methane is a
short-lived climate pollutant, it is 20 times potent than CO2 so reducing emissions of enteric methane can
help mitigate climate change within our lifetime.
Low carbon livestock production is possible. But action must be much more decisive, as the livestock
sector is growing rapidly. Fueled by human population growth, higher incomes and urbanisation, demand
for meat, milk and eggs in low and middle income countries is rising.
Helping farmers to increase the productivity of livestock is a means to improve rural livelihoods and food
security. It also supports better resilience to climate change.
Feed and nutrition: Improving feed quality can be achieved by better grassland management, improved
pasture species (e.g. mix of grass and legumes), forage mix, feed processing (e.g. chopping, urea treatment)
and the strategic use of supplements, preferably those available locally.
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Animal health and husbandry: Improving reproductive efficiency and extending the reproductive life of
the animal will improve lifetime performance per animal and reduce Green House Gas (GHG) emission
intensities. A higher productivity and efficiency can be reached by reducing the incidence and impact of
diseases, parasites and insect burdens. This will also reduce losses and the unproductive animals.
Animal genetic resources and breeding: Breeding is key to increasing productivity by improving traits
such as live-weight gain and milk yield or fertility. It can also improve livestock’s adaption to changing
environments and resistance to stress, shocks and diseases. Well-planned breeding programmes and
conservation of animal genetic diversity can ensure that farmers have access to the best animals for each
environment.

Importance of the Livestock Sector
India has vast resource of livestock and poultry (Table 1). It ranks first in respect of buffalo population,
second in cattle & goat, third in sheep, fifth in duck & chicken (poultry) and tenth in camel population in
the world. Substantial positive growth was observed in pigs, sheep and goat when compared to cattle and
buffaloes.
Table 1: Livestock Population in India
S.
No.

Species

Livestock Census, 2007
(in million numbers)

Livestock Census, 2012
(in million numbers)

Growth rate
( per cent)

1.
2.
3.
4.
5.
6.
7.
8.

Cattle
Buffalo
Yak
Mithun
Sheep
Goat
Camel
Pigs

199.07
105.34
0.083
0.26
71.56
140.54
0.52
11.13

190.90
108.70
0.077
0.29
65.07
135.17
0.40
10.29

-4.10
3.19
-7.64
12.88
-9.07
-3.82
-22.63
-7.54

Total Livestock

529.70

512.06

-3.33

Total Poultry

648.83

729.21

12.39

India is one of the largest livestock population in the world (2012).

Employment generation
•

Animal husbandry sector provides large self-employment opportunities. According to NSS 66th
round survey, total number of workers engaged in farming of animals were 13.6 million in rural
areas and 1.39 millions in urban areas

Value of output
•

According to CSO, the value of output from livestock and fisheries sector together was about
Rs.8,11,847 crore during 2015-16 at current prices, which is about 28.6 per cent of the value of
output from total agricultural and allied sector.

•

The contribution of milk alone was higher than paddy, wheat and sugarcane.

Livestock Ownership
The possession of livestock is influenced by several factors, viz. socio-economic status, passion of farmers,
resources availability, cultural compatibility, environmental conditions, etc. Majority of cattle were
possessed by marginal farmers followed by small, medium and large farmers in that order. Further, it is
noticed that during last three decades, the number of animals possessed by marginal farmers is increasing,
which indicates its role in providing supplementary income.
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The species and the size of animals owned seem to be positively related to the socio-economic status and
landholding of the families, viz. most of the underprivileged families own small ruminants, while large
animals are commonly owned by better-off families. However, this picture changes when agricultural and
infrastructural development as well as institutional support is available to the underprivileged families.
Preferred animals of the resource poor are buffaloes and goats. Over the last decade, the population of
buffaloes and goats in most States are increasing more rapidly than other species and they are considered
the ‘animals of the future for the country.’ Until recently, the buffalo was described as an animal of
irrigated and assured rainfall areas where good quality fodder is available, while semi-arid and arid areas
were considered cattle tracts (of breeds like Tharparkar, Rathi, Kankrej and Haryana). Yet, even in these
areas, buffaloes are preferred over cattle. Goats seem to be preferred by the resource poor.

Functions of Livestock
•

Output function

•

Input function

•

Risk coverage or asset function

•

Socio-cultural functions

(i) Output function
It relates to the production of food (milk, meat, eggs) and non-food products (wool, hair, etc.).Animal
products are primarily a source of proteins and essential amino acids.But, when they are a major constituent
of the human diet, they also contribute a significant proportion of total calories. About 60 per cent of the
dietary protein supply in developed countries and 22 per cent in developing countries are derived from
animal products.At farm level, cash can be generated regularly from direct sales of livestock products
such as milk, eggs and manure, occasionally from the sale of live animals, wool, meat and hides, and
from fees for draught power or transport services.
(ii) Input function
Livestock provide inputs for crop production by way of draft power, manure, transportation of produce &
people, and fuel needs (through dung cakes) of the families. Large ruminants (cattle and buffaloes) provide
two major inputs for crop production, viz. draft power and organic manure.Estimates indicate that 40 to
60 per cent of dung is used as manure and the rest as fuel. In India, 300 million tonnes of dung cakes are
used for fuel every year.
(iii) Risk coverage or asset function
Livestock is considered as an asset value torural families, as it provides a means of security at times of
crises. It also helps when the rural families are affected with natural calamities like floods, drought,
cyclones, earthquakes, etc., wherein the livestock enterprises come to the rescue of the rural farmers and
help their survival during such situations. Livestock plays an important role as a means of saving and
capital investment. For resource poor families, any kind of animal is an asset since it can be easily encashed
in times of need.
(iv) Social function
This is an aspect usually ignored or undervalued even though it is now well known that livestock has
strong socio-cultural linkage.Their importance in Indian rural society is evident from the fact that livestock
is still an indicator of social status and provides a prestige value to the rural families because of the
possession of very valuable and high yielding livestock. Possessing an animal of their choice gives women
considerable satisfaction.
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Features of Livestock Production Systems
•

Livestock farming is secondary, albeit important, adjunct to crop farming.

•

Livestock is meant to avail primarily the crop by-products and surplus family labour, which may
not have immediate opportunity cost in the village.

•

Mixed farming system and diversified crop and livestock activities are common and symbiotic.

•

Low external input–low output and highly internalised system, making maximum use of locally
available resources like crop residues, feed, labour, animal waste, etc.

•

Extensive grazing with limited supplementary feeding in semi-arid/arid areas and limited grazing/
semi-stall feeding in other areas.

•

Local breeds of livestock/poultry preferred over ‘improved’ stock as part of risk management,
except in areas where there is organisational support.

•

Traditional systems of livestock management and feeding are preferred and adoption of scientific
recommendations or technologies is very low.

•

Women play a major role in livestock production and sale of produce.

•

It is subjected to taboos and prejudices with apathy/inability to change to improved husbandry.

Genesis of Crop-Animal Systems
•

Climatic and biotic factors decide whether cropping is feasible and, if so, the type of crops. This,
in turn, determines the quantity, quality and distribution of animalfeed resources available
throughout the year.

•

Combining crops and livestock also has many environmental benefits, including the maintenance
of soil fertility by recycling of nutrients.

•

The traditional small farm scenario is characterised by low capital input; limited access to resources;
low levels of economic efficiency; diversified agriculture and resource use; and conservative farmers
who are illiterate.
Table 2 : Main Crop-Animal Interactions in Mixed Farming Systems

Crop Production

Animal Production

Crops provide a range of residues and
by-products.

Large ruminants provide power for a range of
agricultural operations.

Native pastures, improved pastures can provide
grazing for ruminants.

Both ruminants and non-ruminants provide
manure for the maintenance and improvement
of soil fertility.

Cropping systems such as alley cropping can
provide tree forage for ruminants.

The sale of animal products and the hiring out
of draught animals can provide cash for the
purchase of inputs in crop production.
Animal grazing vegetation under tree crops can
control weeds and reduce the use of herbicides.
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20. Smallholder Dairy Farming for Enhanced Income
- A Viable Diversification Strategy
- B. Ganesh Kumar

I. Nutrition Management
Proper nutritional management is essential to animal health and productivity. Rations/diets (providing
energy, protein, fats, carbohydrates, vitamins and minerals) must be formulated to meet the basic
physiological needs of the animal and to ensure optimal growth and productivity. Feeding diets that are
deficient in any nutrient will decrease production. Considering the growing demand of A-2 brand milk of
Desi cows in metros and globally improving cattle productivity is vital and fodder feed and hygiene are
key to it.
In livestock farming, feeding management heavily influences health. Nutrition-related diseases may be
the result of nutrient excess, nutritional deficiency, or nutritional imbalance. Inadequacies in nutritional
delivery can directly cause disease (e.g. ruminal acidosis, laminitis) or increase susceptibility to disease.
Feeds and feeding management also influence animal health if feeding results in exposure to food-borne
physical hazards (e.g. sharp objects), chemicals (e.g. mycotoxins, toxic plants and pesticides) or microbes.

Importance of Nutrition Management
There are many factors that affect nutritional requirements of animals undervarious conditions. Mainly
the breed, physiological status, production levels,environment, etc., determine the nutrient requirements
of animals. Milk production mainly depends on two important aspects – potential of cow/buffalo and
feeding.
About 60 to 70 per cent of cost of production is related to feeding alone. Hence, feeding of animals is very
important. Farmers should always aim to provide low-cost balanced feed as grazing alone cannot satisfy
all nutrient requirements. In India, animals are given dry fodder liberally and green fodder sparingly.
Even though milk producing animals require lot of nutrients than dry animals (non-producing), farmers
provide same quality and quantity of feed to both superior and inferior animals. Severe shortage of green
fodder is also a constraint in increasing themilk production. Some farmers provide little concentrate
mixture to milk producing animals only. Knowledge on scientific feeding will improve the production
and productivity of the animals. Let us understand certain basic principles of feeding dairy animals.
•

Animals require different nutrients (food constituents) which are essential for the preservation of
life. They are water, proteins, carbohydrates, fats, minerals and vitamins.

•

These substances serve as raw material for the production of milk, meat, egg or wool.

•

Livestock derive their nutrients from a variety of feedstuffs – pasture/ grazing lands/ grasslands,
roughages, concentrates, supplements and additives.

•

Grasslands are the major source of feeding in India. Animals graze in these lands from morning to
evening.

•

Commonly used roughages for feeding cattle include - leguminous fodder crops, viz. Berseem,
Lucerne, Cowpea, etc. Non-leguminous fodder varieties – maize, sorghum, bajra, oats (cereal
crops), and perennial verities, viz. Para grass, Guinea grass, Napier grass, Hybrid Napier, Rhodes
grass, Sudan grass, etc.

•

Concentrates include all the grains and their by-products. Grains of maize, oats, jowar and barley
are important. Plant residues of cowpea, black gram, horse gram, Bengal gram, oilcakes like
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groundnut cake, linseed cake, coconut cake and cotton seed cake are used in preparation of cattle
feed.
•

Locally available agricultural waste products are used to prepare complete feeds. Important animal
proteins used in feed formulation are fish meal, meat meal, dried skim milk, etc.

Nutrient Requirement of Calves
Calf management is very much essential in dairy farming. Proper management and feeding of calves
eliminate many problems. The care of a calf starts from its birth itself.
The calves at birth should be fed colostrum (first milk of delivery) within two hours and its feeding
should be continued up to four days. It is essential to provide antibodies through colostrum, which are
absorbed intact in first few days of the calf’s life. It has high nutritive value and laxative action to remove
first faeces. In case the mother does not give colostrum, a substitute of equal nutritive value of two eggs
with an ounce of castor oil and antibiotics may be fed.
Hygienic practices have to be maintained when calves are fed with milk. Milk is agood source of bacterial
infection in weaned calves. Because of lower disease resistanceof calves, in spite of feeding colostrum, it
is better to prevent diarrhoea or dysentery rather than offering treatment. The feeding schedule of calves
ispresented below in Table 1.
Table 1 : Feeding schedule of claves upto three months of age
Age of the calf

Whole milk

Calf starter

Good quality hay

1-3 days
4-7 days
8-14 days
15-21 days
22-35 days
Up to 2 months

Colostrum @ 1/10th Body weight (BW)
Whole milk @ 1/10th Body weight (BW)
Whole milk @ 1/10th Body weight (BW)
Whole milk @ 1/10th Body weight (BW)
Whole milk @ 1/10th Body weight (BW)
Whole milk @ 1/10th Body weight (BW)

-

-

A little
100g
250g

A little
Ad lib
Ad lib

2-3 months

Milk is gradually reduced and tapered

500g

Ad lib

Nutrient Requirements of Growing and Other Cattle
Poor growth rate and late maturity are general problems observed in heifers and young bulls. This is
partly due to the hampering of growth due to high parasitic load, and also owing to underfeeding and
general neglect till the heifers are calved. Appropriate feeding schedule has been found to result in adequate
growth and thereby overall economy in productivity. Various feeding schedules for the growing animals
beyond the age of six months are given in Table 2.
Table 2 : Nutrient requirements of growing cattle
Animal

Calves 6-12 months
Young stock 1-2 years
Young stock over 2Years
Heifers
Dry animals
Bulls
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Requirements

Body
weight
in kg

Dry Matter
(DM) in kg

Digestible Crude
Protein (DCP) in kg

Total Digestible
Nutrient (TDN) in kg

150
300
400
450
450
550

3.7
7.5
10.0
11.2
11.2
13.7

0.3
0.4
0.4
0.4
0.4
0.5

2.6
4.0
4.3
4.5
3.4
4.0
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Nutrient Requirement of Lactating Cows
Milch animals require additional attention as they are the producing animals. Definite feeding strategies
based on milk production are to be evolved. The feed management should be such that it provides at least
part of the feed in succulent form during summer months in order to help reducing the heat load and to
make the feed palatable. In order not to augment the heat load of the animal, one of the useful practices is
providing feeds during cooler hours of the day and at more frequent intervals, especially during summer
months. It has been recommended that conserved fodder like silage in the absence of cultivated green
fodder is very advantageous and helps to maintain the level of production inlactating cows. In winter,
when legume green fodder such as Berseem is available for feeding in large quantities, this should be
preferably mixed with dry fodder or fed in installments to avoid bloat. Feeding schedule of lactating cows
is presented in the Table 3.
Table 3 : Feeding schedule of lactating cows according to milk yield
Milk Yield
in kg or litre

Requirements

Source of feed

Dry Matter
(DM) in kg

Digestible Crude
Protein (DCP) in kg

Total Digestible
Nutrient (TDN) in kg

Concentrates
(kg)

Fodder
(kg)

12.0
13.0
14.5

0.8
0.9
1.1

6.6
7.7
8.8

2.0
3.0
4.0

10.0
10.0
10.5

Upto 10
10.1 to 13.0
13.1 to 16.0

Source: NDRI handbook on Dairy production

Water Requirements of Dairy Cattle
Provision of adequate water and free access to it throughout the day is very important, especially in
summer months. Lowering of temperature of drinking water has proved effective on experimental basis,
but it is not practical in field conditions. In the organised dairy farming, care may be taken to bring the
temperature of drinking water to the body temperature of cattle. As an alternative, shading of water
troughs is helpful.
Water consumption depends on the ambient temperature. The requirements of different categories of
animals at different temperatures of 20oC and 30 oC are given in Table 4. Water consumption can be
increased by as much as 40 per cent when atmospheric temperature rises to about 35-37oC. For each litre
of milk produced, a cow may need as much four liters of water for drinking.
Table 4: Estimated daily water intake of various groups of cattle
Body weight (kg)

Water requirements in litres atdifferent temperatures
20 oC

30 oC

Dairy Heifers
50
100
200
300
400

3.6
11.0
20.0
27.3
35.2

5.3
16.3
26.5
37.0
46.2

Lactating Dairy Cows
400
500

26.5
31.0

27.0
32.0

II. Health Management
Livestock diseases cost farmers dearly. In addition to deaths, they cause loss of production and loss of
body conditions. Unthrifty animals require more food and take longer time for growth than the healthy
stock. They become susceptible to all types of infections. A good animal health programme calls for full
cooperation between herdsman and the veterinarian. Farmers should also know that many livestock diseases
are transmissible between classes of animals, and from animals to men.
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Generally, animals are born free of diseases or parasites except those, which are transmitted intrauterine.
But, they usually acquire these maladies either through contact with diseased animals or improper
sanitation, feeding, care and management. Keeping animals healthy by confining purchases from healthy
herds, by proper quarantine at the time of bringing in new animals, by employing sound principles of
sanitation, management and feeding and by judicious use of appropriate and dependable vaccines are the
practical and economical ways to avoid loss from disease. Prevention of diseases is better and economical
than hurrying around to control actual outbreak of disease. Disease surveillance and forecasting along
with other disease prevention measures (mass vaccination, deworming, etc.) will keep the flock healthy.
Disease has been broadly defined as any condition in which there is a deviation from health or normal
functioning of any or all the tissues and organs of animal body. Disease is a condition that usually occurs
when an infectious agent comes into contact with an immuno-compromised host. Stress factors usually
underlie compromised immune systems. Stress factors in beef cattle production include hunger, heat,
cold, dampness, wind, injury, fatigue and rough handling. Infectious agents include viruses and bacteria,
which cause many of the following disease conditions.
Table 5 : Common livestock diseases
Cattle

Sheep and Goat

Pigs

Viral Diseases
o

Foot and Mouth Disease

o PPR ( Peste des Petits

o Hog cholera

o

Infectious Bovine

o Ruminants)

o Vesicular Stomatitis

o

Rhinotracheitis

o Blue Tongue

o Pig Pox

o

Para Influenza

o Capri Pox ( Goat Pox)

o Aujeszky’s Disease

o

Bovine leukemia

o Dermatitis

o Swine Influenza

o

Bovine Viral Diarrhoea

o Contagious Erythema

o

Cow and Buffalo Pox

o

Malignant Catarrhal

o
o

Fever
Ephemeral fever
Bacterial Diseases

o

Wooden Tongue

o Leptospirosis

o

Anthrax

o Black Quarter

o

Tuberculosis

o Tetanus

o

Johne’s Disease

o Mastitis

o

Hemorrhagic

o Salmonellosis

o

Septicemia

o Caprine Pleuropneumonia

o

Brucellosis

o Foot rot

Strategies for the control of infectious diseases
i.
ii.
iii.
iv.
v.

Quarantine
Slaughter
Vaccination
Mass treatment
Vector and reservoir control
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vi.
vii.
viii.
ix.

Disinfection
Good Husbandry Practices
Movement of hosts
Education
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III. Housing Management
Intensification of animal farming has taken place and large number of animals are confined to small lots.
However, we still find large number of small farms too, sometimes a farmer keeping only a few animals.
Housing many animals in small areasis challenging and risky animal housing. Suitable housing is essential,
if good productivity is expected, much attention needs to be paid for achieving it. Different types of
animal houses are constructed without careful planning and designing. Farm building should be properly
located, constructed, spaced and grouped. Special attention is required on the initial cost of animal house
construction to maintain health and comfort of animals. They should lead to efficient management so as
to reduce labour to the minimum. It is impossible to design an ideal set of buildings, which would be
equally suitable for livestock farming all over the country, owing to different methods of animal husbandry
and/or farming priorities, which in turn are governed by climatic, geographic, economic and other
conditions.
The general layout of dairy farms should be planned depending on the number of animals to be housed,
facilities to be provided for feeding the animals economically, collection of manure and cleaning and
washing. The principles of animal management, general hygiene and sanitation and disinfection should
be kept in view. Two types of dairy houses are presently in general use: i) Conventional brans and
ii) Loose housing conventional barns, also called as stanchion barns. These refer to housing cows in
which the animals are confined together on a platform and secured at neck by stanchions or neck chains.
The cows are fed as well as milked in this bran. These barns are completely roofed and the walls are
complete with windows and/or ventilators located at suitable places.
Loose housing comprises keeping cows loose in an open paddock or pasture throughout the day and night
except at milking time. The open paddock is provided with shelter along one side, where the animals can
retire during hot or cold weather conditions or during rains. The floor space requirements are provided in
Table 6.
Table 6 : Floor space requirements for different livestock
Type of animal

Floor space requirement (m2)

Height of shed (cm) at caves

Covered area

Open paddock

Cows
Buffaloes
Young calves

3.5
4.0
1.0

7.0
8.0
2.0

175 in medium and heavy rainfall areas,
220 in semi-arid and arid areas

Ewe/ Nanny
Ram / Buck
Lamb/ Kid

1.0
3.4
0.4

—
—
—

300 in dry areas and 220 in heavy rainfall areas

Boar
Sow

6.0 – 7.0
7.0-9.0

8.8-12.0
8.8-12.0

200 to 250
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21. Small Ruminant Rearing for Improved Income and
Better Climate Resilience
- B. Ganesh Kumar and Y.D. Imran Khan
Sheep and goat, collectively known as small ruminants are multi-functional animals and play a significant
role in the economy and nutrition of landless, small and marginal farmers in the country. They contribute
greatly to the agrarian economy, especially in areas where crop and dairy farming are not economical,
and play an important role in the livelihood of large proportion of landless as well as small and marginal
farmers.
Nationally, total livestock population is 515.05 million, of which sheep and goat population stands at 200
million (39 per cent of the total livestock population). Sheep and goat rearing is an enterprise has been
practiced by large section of population in rural areas. These are among the most indispensible assets
owned by resource-poor families.
Goat population in India is 135.17 million; the country stands second in the world in goat population.
Sheep population in India is 65.06 million, constitute 5.6 per cent of the world population. The country
stands third in the world in sheep population.
Presently, commercial goat farming has emerged as an important driver of agricultural growth in India.
Goat farming has huge opportunity in rural development as goats have potential for export of products,
capital storage, household income, employment and nutrition. It is suitable for women and could be used
for rural women empowerment. India is endowed with huge biodiversity of goats (28 breeds), distributed
in different agro-ecosystems throughout the country, which were developed by our wise ancestors as per
the climatic conditions and then requirement of people of those particular regions. All these 28 Indian
goat breeds are great performers in their habitat under adequate feeding and bear great degree of resistance
for disease and climatic fluctuations. Chegu and Changthangi are reared in northern upper Himalayan
region (Laddakh and Kashmir) above 3,500 msl, known to produce finest quality of under coat hair called
‘Cashmere’ or‘ Pashmina’, beside quality meat. Important goat breeds found in north-western region are
Beetal, Jamunapari, Barbari, Sirohi, Marwari, Jakhrana, Surti, Gohilwadi, Kutchi, Zalawadi and Mehsana.
These goats are medium to large in body size, dual purpose with special attribute of higher milk yield
(150 to350 litre/lactation). Body weight at12 month (20-40 kg), liter size 1.3 to1.7 and kidding rate is 1.3
to 1.6.
The goats of north-western region have potential to be developed as dairy goats and may play great role
in sustainable nutritional security of poor people. Many breeds (Beetal, Jamunapari, Sirohi, Zakhrana,
Barbari, etc.) are candidate breeds for grading up of non-descript goat of arid and semi-arid regions of
India. Large-sized breeds have potential to attain 19 to 23 kg body weight in six months, and 40 to 50 kg
weight in one year. Barbari is one of the most demanded breed due to its suitability and performance
under intensive/stall feeding. Sirohi has become the national breed among traditional goat farmers.
Osmanawadi, Sangamneri, Malabari and Kannai-adu are the main goat breeds of the southern region.
These goats are good in prolificacy (40-65 per cent) and attain 20 to 24 kg body weight in 12 months
under optimum feeding conditions and 25 to 34 kg under intensive feeding conditions (Table 1).
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Table 1 : Production and economic characteristics of major goat breeds of India
Production characteristics

Barbari

Jamunapari

Sirohi

Black Bengal

Suitable climate

Semi-arid

Semi-arid

Semi-arid

Hot-humid

Cost of adult female (Rs)

5,000

8,000

7,000

3,500

Age at first kidding (months)

12-16

18-22

18-20

10-12

9

10

10

8

Multiple birth (number)

1.6

1.3

1.3

2.2

Kids produced in 3 years

6.4

4.7

4.7

10

Survival of kids up to 12 months (%)

92.5

92.5

92.5

80

Body weight at 12 months (kg)

22

27

27

16

Weight delivered/goat/year

42

38

38

42

Milk yield /goat/year

80

135

100

30

Surplus milk /year (liter)

25

78

60

0

Income surplus milk

625

1950

1500

-

Maintenance cost of adult female
and its kid per year

4,250

4,550

4,150

3,840

Sale Price of kids/year (Rs)

8,400

7,300

7,300

8,440

Net profit/goat/year

4,775

4,700

4,650

4,600

Kidding interval (months)

Note: Productivity and economics are obtained of those goats which are maintained undersemi-intensive feeding system where
they will be provided about 50 per cent feed-fodder requirement through supplementation and remaining 50 per cent from
grazing area.

I. Breeding Management
To initiate commercial goat rearing, breeding stock is essential. The breeding stock consists of male goats
which are known as bucks and female goats which are known as does. When choosing breeding stock for
goat farming business, one should be very careful of the health history of the goats. It is advisable to
purchase the breeding stock from goat farmers who have a good reputation in the goat production business.
Goats which are selected should be strong with an overall appearance of good health. It is requested to
see the records of the breeding stock that you wish to purchase. The growth potential of kids will depend
on the nature and quality of the parent stock. Thus, it is of great importance to buy a good goat breeding
stock from reliable goat farmers.
Reproduction and Kidding
Management directly affects the flock reproductive performance. Reproduction efficiency in the goat
flock can be assessed by considering the following aspects:
•

The interval between consecutive kiddings of a doe (i.e., preferably less than 250 days)

•

The number of kids per doe

•

The number of kids born and weaned in the flock

Choosing a Buck/Ram
It is important to ensure that the buck/ram that are chosen brings the correct genes into flock. Use only the
best animals for breeding. The male contributes half of the production characteristics of each kid. It is
also important to ensure that the buck/ram is fertile. Besides reproductive soundness, it is important to
make sure that the buck/ram has sound legs and feet so that he is able to work effectively over the breeding
season.
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Make sure that:
•

The sheath and penis are free from any abnormalities, swellings and wounds

•

There are two testicles and they are roughly the same, well-formed and freely moving within the
scrotum

•

The testicles feel firm and cool and are without swellings or wounds

•

The circumference of the scrotum is 34 cm from 18 months of age.

Choosing a Doe/Ewe
Only keep ewes that kid every year. When buying or selecting an ewe make sure that:
•

Udder is firm and well-shaped

•

Teats are clear of the ground

•

Teats are evenly sized and show no signs of damage

•

There are no signs of pain when handling the udder

•

The temperature of the udder is the same as that of under the belly

•

The milk is creamy, smooth and free from clots or blood

•

The vulva has no abnormal discharges or swellings

Management before mating
It is important that ewes have access to good browse, or a good nutrition from three weeks before mating
to two weeks after mating. This may require supplementation over the winter period to ensure reasonable
body condition. Body condition score of approximately three will be ideal for the mating season. Minimise
handling during the mating season and also for two weeks after the end of the mating season.
Ewe Management during pregnancy
Gestation (or pregnancy) in goats is approximately 150 days (5 months) long. Make sure that there is
sufficient feed during the early stage (to prevent reabsorption of the foetus) and sufficient food during the
last 6-8 weeks of pregnancy, when the foetus is growing fast, but do not overfeed the mother as it may
cause birth difficulties.
Management practices at kidding
•

Avoid disturbing ewes during kidding (e.g. do not move them or handle them)

•

Try to separate them from the rest of the flock

•

Earmark kids, with a number related to their mothers

•

Sufficient feed must be available – animals have increased needs during kidding

Culling Doe/Ewes
After weaning kids, decide which ewes to breed with the following season and which ones to cull – cull
those with udder or mouth problems as they will not be able to raise another kid properly.
Weaning
Weaning is when the kid stops drinking from its mother. It normally happens automatically at about three
months of age (weighing approximately 20 kg). Separating kids (forcing them to wean) is a very stressful
time for kids, so keep feeding them supplementary feed while they get used to stop drinking milk.
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II. Housing Management
Shelter
Goats need to be confined at night for a number of reasons:
•

To provide shelter from bad weather

•

To prevent theft

•

To prevent predation

If animals are kept in the open, but are not provided with a shelter, they might be exposed to extreme
climatic conditions and will not be able to choose a place that is more protected from rain or wind. For
this reason, it is important that the farmer provides necessary shelter and protection. In building such a
structure, it is important to consider the following aspects:
•

A roof to protect from rain.

•

Sidewalls to protect from wind.

•

Drainage or cement floor to prevent the ground from being too muddy after rain.

•

Provision of raised areas (preferably slatted to allow droppings to fall through) where goats can
escape from wet, muddy conditions.

•

It is also important that it is possible to clean the kraal in order to prevent the build-up of diseasecausing bacteria and parasites in the dung and dust.

Equipment for feed and water provision
Goats should be provided with some form of feeders and water troughs. The feeders should keep food off
the ground so that it is not trampled and soiled by the goats. Suitable containers also need to be provided
for licks. Make sure the kids can reach the water without the danger of drowning.

III. Nutrition Management
Goats are mainly browsers (eat leaves off trees and bushes) although they will also graze (eat grass).
They are ruminants. This means that they regurgitate feed and ruminate or ‘chew the cud’. In order to
facilitate better growth of goats, it is necessary to develop a year-round forage programme allowing
enough feed throughout the year.

Feed Requirement
Maintenance requirement is the minimum feed required for an animal that is not growing, pregnant or
lactating, to keep it warm and maintain its body weight. A mature, dry ewe (i.e., not pregnant or feeding
a kid) or a mature castrate are examples of animals having maintenance requirements only. All other
physiological functions increase the feed requirement of the goat. Additional requirements above those
needed for maintenance are required for growth, pregnancy, lactation and hair production. Ewes feeding
twins or triplets have greater nutritional requirements than ewes feeding a single kid. Goats grazing on
hilly pastures will have higher nutritional requirements than goats grazing on level pastures of the same
quality because they will consume more energy while out browsing. The feed requirements are also linked
to the weight of the goat and the weather conditions (i.e., they need more feed during cold periods).

Feed Components
Goats need water, protein, energy and a range of vitamins and minerals.
Water
Access to water is essential for healthy and productive goats. One goat will drink 3 to 20 litres per day,
depending on stage of lactation and environmental temperatures. Ewes that are feeding kids have very
high water requirements. During hot weather, all goats will have high water requirements. It is also
important that the water is clean, especially for lambs.
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Protein
Protein is required for maintenance, growth, reproduction, lactation and hair production. Protein forms a
major component of blood, antibodies, muscle and milk, and is therefore required to produce these. Protein
deficiencies in the diet can lead to goats becoming sick and even dying. Examples of protein feeds are:
acacia pods, beans, cowpeas, lucerne, soybean meal, green pastures and high protein concentrates (HPC).
Energy
Goats also need sufficient energy in their diet to allow them to grow, reproduce and produce milk. Body
condition scoring can be used to see whether the goats are getting enough energyor not. Examples of
energy rich feeds are: maize grains, oats, sorghum and molasses.
Minerals (calcium, phosphorus and salt)
Goats also need to be given access to minerals if they are deficient in their diet. The addition of specific
minerals (phosphorus for dry winter forages, selenium in deficient areas, etc.) and salt (sodium chloride),
preferably in granular form and offered free choice, helps prevent most mineral deficiencies and improves
performance. Major minerals likely to be deficient in the diet are salt (sodium chloride), calcium,
phosphorous and magnesium, although selenium and iodine are deficient in the Kwa Zulu-Natal midlands
and need to be supplemented. The minerals can be given in a block or a loose lick.
The requirements of goats vary according to the age of the goat and whether it is pregnant or feeding a
kid. Thus, there is a need to buy the correct type of feed depending on the goats that are fed.
Critical feeding times
Critical periods to feed the goats effectively are:
•

Before mating (ewes and rams).

•

Late pregnancy (last 6-8 weeks) to avoid small, weak kids – but do not overfeed or there will be
kidding difficulties from the older kids.

•

Early lactation (to make sure the ewe has enough milk for her kids).

Interventions to reduce kid mortalities
The following interventions are important for minimising the number of kids that die:
•

Let the goats give birth in a quiet clean dry place without interference from other goats.

•

Provide a dry and clean weather-proof shelter for newborn kids and their mothers.

•

Dip navels with iodine at birth to stop bacterial infections.

•

Give kids a drop of iodine on the tongue to prevent deficiencies.

•

Make sure that the kids are dry and bond with the ewe and consume colostrum within an hour of
being born.

•

Make sure the ewe is healthy after giving birth and has enough good milk for her kid (no mastitis,
retained placenta, etc.).

•

Ensure that the ewes have access to green fodder after giving birth to stimulate milk.

•

Cull ewes with poor mothering abilities or bad udders when they have weaned their kid.

•

It is important to make sure that the lactating ewe gets enough feed so that she produces sufficient
milk to ensure the growth of the lamb.

•

Provide supplemental feed to one month old lambs to cope with their mother’s poor milk production.

•

Separate ewes and lambs from the rest of the flock, especially when they are in open shelter to
avoid trampling, which may injure or kill kids.
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IV. Health Management
Annual Goat Health Calendar adopted by Central Institute for Research on Goats, Makhdoom, Mathura,
Uttar Pradesh (for prevention and management of important goat diseases)
A. Vaccination
Diseases

Primary Vaccination

Repeat vaccination

First Injection

Booster Injection

1. Peste-des-Petitis
Ruminants (PPR)

At 3 months of age

Not required

Every 3 years

2. Foot & Mouth
Disease (FMD)

At3-4 months of age

3-4 weeks after 1stInjection

Every 6/12 month
interval*

3. Goat Pox (GP) **

At3-4 months of age

3-4 weeks after 1st Injection

Every 12 month interval*

4. Enterotoxaemia (ET)

At3-4 months of age

3-4 weeks after 1st Injection

Every 6/12 month interval*

5. Haemorrhagic
Septicaemia (HS)

At3-4 months of age

3-4 weeks after 1st Injection
(2 dosesat1 month interval)

Every 6/12 month interval*

*As per the recommendations of manufacturers
Kids are naturally protected from diseases up to 3 months by proper feeding of colostrum immediately after birth.
For optimum benefits of vaccination, deworm your animals at least 15 days before vaccination
**For sheep – replace goat pox vaccine with sheep pox vaccine

B. Drenching, Deworming and Dipping
Diseases

Age groups

Treatment Period

Recommended as Feed Mix

Drenching
Coccidiosis

1 – 6 months

Anti – coccidialdrug
for 5-7 days

Amprolium @50-100 mg/kg body weight

Deworming
Endoparasitic
infection

3 months
and above

Twodewormings
annually (pre and
post monsoon)

Fenbendazole @7.5 -10 mg/kg body weight.
Additional deworming may be needed in cases
of heavy parasitic load or extended rainy season

Dipping*/
Ectoparasitic
infestation

Any age

Pre & Post winter

As and when required,close monitoring and
treatment of shed/soil is essential to
avoid re-infection

*Avoid cold, cloudy and rainy days for dipping. Preferred time for dipping - 9 - 11am.

C. Screenings
Diseases

Period

Recommendations

1. Brucellosis+

Once in a year

Positive animals need to be euthanised and buried

2. Johne’s Disease*

6 months/once in a year

Positive animals are to be removed from herd/flock

3. Mycoplasmosis

Once in a year

Treatment with specific drugs

4. Mastitis

Early milking stage

Treatment with specific drugs

5. Endo-parasites

Regular screening of fecal
samples

Monitor worm load (EPG/OPG) of the animals to
decide time of deworming.

+ Screening of adult goats, especially breeding bucks and breedable females. From aborted animals, submit 2 serum samples
(zero day i.e., day of abortion/till birth and 21 days after abortion/till birth).
*Preferably one month after kidding
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Major Constraints and Challenges
Now-a-days, goat production is having several constraints like inefficient and in appropriate production
system (extensive/zero input); prevalence of non-descript or poor genetic-make-up of animals and lack of
organised breeding programmes; scarcities of feed-fodder which deteriorate the production and immunity
of goats and made them vulnerable for diseases; large knowledge gap on improved/strategic management
practices and technologies; inadequate space and improper housing of goats. Goats were housed
predominately in human dwelling and in open under enclosures made up of bushes, shrubs, etc. (50-55
per cent); less availability of veterinary services, breeding buck and institutional credit; high mortality
(15-40 per cent) due to inadequate prophylactic measures; inadequate goat-based specialised and integrated
livelihood and business models suitable for different agro-climatic conditions and diversified farming
systems; and unorganised marketing, distress sale of goat and lack of efforts and infrastructure for value
addition of goat products (meat, milk, skin, fibre, manure, etc.).

Challenges of Goat Farmers under Prevailing Production System in India
Under prevailing production system, challenges of goat farmers are: acceleration and enhancement of
goat productivity and profit; goat keepers are unwilling to keep bucks due to fear of high rearing cost and
difficulty in handling/management of a buck; potential evaluation of about 70 per cent non-descript goat
population; perfection in artificial insemination with frozen semen technology; check on uncontrolled
slaughter and sale of high potential male; establishment of buck mother farms of different breeds in their
respective home-tracts; reduction in feed and fodder cost through technological innovations as expenditure
on feed and fodder in goat farming account for more than60 per cent of recurring cost; checking depletion
of grazing sources, uncontrolled grazing and high stocking rate capacity building of uneducated traditional
30 million goat keepers; lack of well-trained and experienced trainers; development of low-cost goat
shelter and house models suitable for different agro-climatic regions, farming systems under traditional
and commercial farming; monitoring and surveillance of important goat disease and effective health
services; development of dairy goat (3.0 litre milk/day) for ensuring nutritional security of the poor rural
people and for marketable products; institutional credit to goat keepers with simple process; and linking
production, products and by-products to market.
Therefore, existing goat production system needs to be improved substantially by using strategic inputs,
value-addition of goat products and careful marketing to harness goat potential, productivity and
profitability. The extent to which goat keepers will be benefited will mainly depend on the rate and
magnitude that semi-intensive and intensive systems will replace largely followed extensive management
system. Technologies to improve productivity of goats do exist. However, the awareness and rate of
adoption is consistently low.
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22. Backyard Poultry Rearing for Enhanced Income
and Household Nutritional Security
- B. Ganesh Kumar and Y.D. Imran Khan
Even after a quantum leap in industrial poultry production, backyard constitutes more than half of the
country’s poultry population and 21 per cent of the national egg production (Basic Animal Husbandry
Statistics, 2006). The importance of backyard poultry also lies in the fact that there is no dedicated land
required to feed it; industrial poultry production requires large allocation of land and water for poultry
feed crops. More than its contribution to national poultry production, backyard poultry makes a significant
contribution to the livelihoods of poorer households in terms of nutrition, income, asset building and
fulfilling some religious rights. It is also a liquid asset that can be sold quickly to meet any emergency
cash needs of poorer families.
Field experiences have amply demonstrated that backyard poultry provides supplementary income, mostly
to women. The income generated provides essential support for surviving during droughts, at least for the
people on the margins. There are several cases of backyard poultry leading into an economic growth path
for the poor, where the primary capital comes from selling the birds reared in their backyard. The
supplementary income from backyard poultry is mostly independent of weather patterns are secure (once
diseases are managed), as the market and prices are assured.
Perhaps, the most important feature of backyard poultry lies in the supplementary income with minimal
inputs and is widespread across different households. Well-managed backyard poultry can easily give
returns almost equal to an acre of land. In view of the above facts and potential, it is imperative to
promote backyard poultry as an essential drought adaptation measure.

What is Backyard Poultry?
In general, rural backyard poultry is a low-input and low-output system managed by women and children
of the households. Sourcing feed from scavenging and auto-regeneration are the two important aspects of
backyard poultry.
The generic features of this system are:
•

Typical flock size ranges between 5-25 birds.

•

Birds are raised under a scavenging system without special inputs in terms of feeding, housing or
labour.

•

Mainly local birds are reared although there are specific/specialised indigenous breeds in some
geographical areas. These breeds represent a rich source of disease-resistant germplasm.

•

The system auto-generates as the chicks are usually obtained by hatching locally.

•

In most of the cases, eggs produced are for home consumption or for limited trade within the
village.

•

The production performance of these birds is about 50-60 eggs per annum and about 1-1.5 kg
meat at the end of the production cycle.

Maintaining small flock of local non-descript fowls under free-range condition by landless poor, small
and marginal farmers is a common sight in rural areas. These birds are very popular due to their adaptability
to local agro-climatic conditions and management practices with prominent brooding behaviour and
mothering ability. Housing systems for rural poultry production range from crudely constructed houses to
bamboo baskets, wire mesh or bamboo cages placed in the backyard to systems of putting bamboo or
wooden cages on tree tops, wooden poles or along the roof. Saving the birds from predators is the major

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)

185

objective of these innovations. Chick loss accounts to about 30 per cent. However, loss among adults is
only about 7 per cent. Newcastle disease and lack of facilities for vaccination are the main reasons for the
loss in chicks. Nutritional deficiency and coccidiosis could be other causes of the loss. Loss due to predation
by birds and animals (also neighbours) is common. The desi birds are small in size, poor in egg production
(40-50 eggs/annum) and with small clutch size.

Constraints in Backyard Poultry
•

High disease incidence, mainly due to the absence of access to vaccination and health care services
resulting into depletion of stocks and limitations in reaching to an optimal potential.

•

High incidence of predation of birds by cats, dogs and other wild life; particularly of chicks at an
early age.

•

Inadequate night shelters also result in predation, theft and diseases.

•

Non-availability of chicks on a regular basis and in the quantities required to replenish stocks.

•

Low levels of supplementary feeding and limited feed availability in the foraging area.

•

Low or no marketable surplus generated to give an economic momentum to capitalise on the high
price for backyard poultry products.

•

Absence of networked/organised markets to benefit, when there are surplus birds.

Strategies to Improve the Economy of Rural Poultry Production
Backyard poultry farming found to be a subsidiary occupation since antiquity. However, the transition
phase has occurred in rural poultry under the scenario of climatic change. Nowadays, more thrust is being
given for conservation and propagation of indigenous animal genetic germplasms. Thus, promotion of
backyard poultry rearing can prove to be a significant step for attaining nutritional security of rural farming
community. Such establishment of rural poultry farming with native indigenous poultry breeds and largescale multiplication at farm level will restore these indigenous poultry.
The following strategies are found to improve the production status of rural farming:
•

Dissemination of suitable package of practices for rural poultry.

•

Training is a very important tool to impart the knowledge and skill to the poor farm women. This
can enhance the rural poultry production and thereby socio-economic upliftment of the rural poultry
farming community.

•

Supporting the resource poor farm women for initial establishment of input unit and its scientific
management.

I. Housing Management
Low-cost shelter
House for backyard birds is very much needed to increase the productivity of hens; to save them from
predators; to aid in preventing loss of eggs; to protect them from rain, snow, excessive heat, cold and
other inclement weather; and to provide food and water space and nesting facilities.
Key steps in construction of shelter
Shelters are like rooms with required space to live comfortably, to flap their wings, walk about, and build
comfortable nests. Chicken shelters must be clean, hygienic, ventilated and featuring changeable flooring
(like sawdust or woodchips).
i) The right site: Poultry house/night shelter should be constructed with proper drainage facility, preferably
at an elevated site. Improper drainage will lead to muddy areas that can promote filthiness and outbreak
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of disease. The long side of the house should face east-west direction to avoid direct sunlight falling into
the building.
ii) Elevation: Floor of the house should be raised 2-3 ft above the outer ground level to prevent seepage
of water into the house. The floor may be made of cement concrete to prevent damage by rodents and to
permit easy and efficient cleaning. The floor may also be made of wooden/any other hard locally available
materials.
iii) Sidewall: The thumb rule is that the long walls on the sides should be 1 ft high above the floor level
with the rest of the area covered with a mesh. In case of tribal areas, the walls may be made of bamboo,
woven for medium term duration or any locally available material. Materials should be durable, strong
and close enough to prevent the entry of rodents and predators. Proper and adequate cross ventilation
must be assured and secured while constructing the sides of poultry house.
iv) Roof: The roof may be thatched (straw, coconut leaves or any other big leaves). Thatched roofs are
cheaper, but less durable and leak. Hence, to prevent leakage, the slope of thatched roofs’ must be steeper.
Houses with light roof such as sheets are preferred by low-capacity tribal farmers. The standard height of
the roof at eave and ridge is 2.4 m and 3.6 m respectively. The height of the roof should have a lower
height of 1.95 m at the eaves. The projection of the roof at the eaves (overhang) should be atleast 3 ft on
either side to prevent direct sunlight and splashing of rainwater into the house.
Building the house
•

Cheap local materials like bamboo, wood, reeds, thatch grass or clay bricks may be used for
making poultry houses.

•

Remove the bark from the wood as parasites often hide behind the bark.

•

The best protection against diseases and parasites is a good hygiene. It is therefore important that
it should be easy to clean the house or shelter. It should be high enough for a grown-up person to
work inside comfortable. Cleaning will also be easier if the floor in wooden houses is covered
with slats.

•

Make the nests and perches easy to remove when cleaning.

•

Houses or shelters may be sprayed or lime washed after cleaning to disinfect and kill parasite eggs
from the walls and cracks. To discourage parasites, put some ashes on the floor and in the nests.

•

Clear the grass and bushes for about 3 meters on all sides of the house to keep snakes and rats
away from chickens.

•

In wooden houses, use slatted, raised floors to remove droppings and avoid predators.

•

Some houses are built on poles, well above the ground to protect the chickens from predators like
dogs, rats and snakes, as well as humans.

•

Build poultry house to prevent possible injury to the birds. Remove any sharp-edged objects from
the house.

•

The house has to be spacious for the birds so that the air inside does not become too humid.

•

A well-constructed chicken house is placed in the shade, has a high roof and windows with wire
mesh, providing good ventilation. The door should face north to avoid direct sun. The door is big
enough for a person to enter and clean the house frequently.

Perches
•

Perches are important for the chicken to rest during night.

•

Diseases and parasites may attack poultry resting on the floor, and perches often reduce the risk of
external parasites entering the feathers at night.
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•

Each one-meter perch may roost five adult birds. Perches are best made of bamboo or round sticks
to accommodate the size and structure of the birds’ feet.

•

To prevent attack of external parasites, the perches may be treated with oil or kerosene, where the
perch meets the wall.

II. Management of Chicks and Birds
Artificial brooding for chicks
During the first few weeks, chicks are cold blooded; that is, unable to maintain their body temperature. As
they grow, they become warm blooded; that is, able to maintain constant body temperature under normal
environmental conditions. Act of brooding gives them warmth, till they get stabilised to the environment.
Artificial brooding is needed when broody hens are not available and natural hatching is not being done.
Large number of chicks can be raised to get laying pullets at a low cost (by own).
a. Brooding arrangement
With a few pieces of equipment and a small place to put them, success in brooding and rearing is virtually
assured. During this period of the bird’s life, the most important needs are warmth, protection, feed, and
water. Chick brooders can be as simple as a cardboard box in the house or garage or bamboo and wood to
maintain required body temperature to curb the chick mortality because of cold stress due to improper
brooding practices and to protect from predators. In both cases, the most important aspect is to maintain
conditions that allow the birds to thrive.
b. Materials required for brooding arrangement
Brooder guard: To protect chicks straying from heat, It can be made of cardboard sheet or woven bamboo
and arranged in a circular fashion.
Incandescent bulb: To provide light and warmth to brood hen during artificial brooding, 60 or 40 watts
bulb is sufficient to brooding 25 chicks.
Coal brooding: Coal/wood can be burnt in a pot to provide warmth to chicks.
Litter material: Saw dust and wood shavings can be spread inside the brooder guard and newspaper
should be placed over the litter material.
Feeder and waterer: one feeder made of halving the bamboo and one waterer made up of used water
bottle or plastic vessel with plate for 25 birds.
c) Step-wise procedure for brooding
•

Spread feed on the newspaper for first few days.

•

After 3 days, remove newspaper.

•

Check whether the warmth given is sufficient to the chicks.

•

Warmth is checked by watching the distribution of the chicks within the brooder guard.

•

If chicks are crowded under or near the source of heat – it means warmth is not sufficient and
hence heat may be increased.

•

If chicks move to the periphery and are reluctant to come to the centre under the heat source, it
means warmth is high, hence temperature may be decreased.

•

If chicks walk freely throughout the brooding area and are uniformly distributed, it means chicks
are comfortable.
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III. Feeding Management
Need for supplemental feeding
•

Feeding is essential to increase the production of meat and eggs from poultry. They are fed only
left overs and feed which they find by scavenging. Lack of feed or water will reduce the birds’
resistance to diseases and parasites and subsequently increase flock mortality.

•

Backyard poultry birds are normally the best converters of feed to eggs under fluctuating
environmental conditions.

•

By offering supplementary feeds, egg production and growth of backyard birds will be enhanced.

What to feed?
•

The composition and availability of feed will vary depending on the season, site location and
farming systems.

•

Poultry need energy and protein, as well as vitamins and minerals.

•

Type of feed will be changed depending on the age and production status (chicken, grower, egg
layer, broody hen) of the bird.

•

The cheapest feed is the use of local resources. However, many vitamins and nutrients are destroyed
if stored too long or under sub-optimal conditions, e.g., high humidity and heat.

Types of feed
•

Starters’ diet: High in protein; from hatch up to 4 to 6 weeks of age.

•

Growers’ diet: Medium in protein; up to 20 weeks.

•

Layers’ diet: Low in protein; hens from 20 weeks on wards.

Avoid giving commercial feed to local breeds, as it is not feasible and economical. It will increase the
cost of production. Only during the first four to six weeks of age, premixed supplementary feed may be
given. Depending on the type of feed, it will contain more or less energy and protein, as well as vitamins
and minerals.
a. Energy feeds
•

Normally, at least three-fourth of a poultry diet is made of energy feeds.

•

Energy feeds are the most important feeds to maintain body temperature and exercise levels of
birds.

•

Energy feeds are cereals like maize (corn) and its byproducts (bran), sorghum (milo), wheat and
its by-products (bran, shorts, screenings), rice and its byproducts (bran, polishing), tapioca, sweet
potato meal, plantain and banana meal. Roots and tubers should be soaked in water for 60 minutes
or cooked before drying to remove harmful substances and the proportion in the diet in general
kept below 1/10.

•

Fat is also a good source of energy. e.g: raw coconut.

b. Protein
•

Protein is essential for growth and keeping up a good health status.

•

1/5th of a diet is protein-rich feeds.

•

Protein may either be sourced from animals or plants.

•

Commonly used protein sources for rural poultry are maggots, termite eggs, insects, worms, meat
scraps, fish scraps and coconut.
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c. Minerals
Minerals are important for bone formation, egg shell formation and for good health status. The most
important minerals are calcium and phosphorous. To produce strong shells for their eggs, laying hens
need free access to calcium (lime stone or crushed shells). Phosphorus should be balanced with calcium,
since too high levels of one may cause deficiency of the other. Sources for minerals are bone meal,
crushed oyster shells, snail shells, and burned egg shells. Egg shells should always be scorched or cooked
before reuse in diets to remove any disease germs.
d. Vitamins: Scavenging birds get vitamins by eating green grass, vegetables, fresh cow dung and through
sunlight. Vitamins A, B2, and D3 are important vitamins.
Simple feed mixing
•

Locally available ingredients should be dried in the shade (the sun may destroy important vitamins)
and grounded before mixing. One metre trough or a 35 cm (diameter) tube feeder is big enough for
20 adult birds to eat and for 40 to drink. Feeders and drinkers may easily be made out of local
materials. Feeders should be filled half full and then checked regularly for refills.

•

Make a small mixed feed for small chicks from 0-6 weeks of age.

•

Locally available ingredients should be dried in the shade (the sun may destroy important vitamins)
and grounded in a mortar before mixing.

•

Locally available containers such as tomato tins or matchboxes may be used for easy quantification
of different ingredients. Grams or percentages should be transferred into local quantities for field
practice.

•

Above 6 weeks of age, poultry may be fed in a whole grain system saving time and energy on
mixing feeds.

Whole grain separate feeding/cafeteria feeding: A bamboo pole is split and feed divided into compartments
and balanced whole grains are filled in the bamboo feeder. Birds are allowed to take feed ingredients.
Feed quantity per day per bird
Chicks = 35g

Growers = 80g

Adults = 100 g

Watering:
An empty tin can/bottles should be placed upside down on a plate which may be used as an excellent
drinker. By keeping the tin can upside down, you avoid dirt contaminating the water. Two small holes
should be made near the rim of the can/bottle, diagonal to each other. Clean water should be poured in the
can. The can/bottle should be closed with a flat plate and small rim on top and the can and plate should
turn upside down, while pressing them against each other. This handmade drinker should be gently placed
on the ground. The rim of the plate should be low enough for small birds to drink, but also high enough
for adult birds to dip their wattles to keep them cool during hot weather. Feeders and drinkers should
always be kept clean to prevent spread of diseases.

IV. Health Management
Healthy and unhealthy birds:
It is very important for the farmer to learn how to detect an unhealthy or sick bird. Healthy birds may be
able to fight against the diseases themselves whereas unhealthy birds will have difficulties in fighting
diseases. It is important to isolate unhealthy or sick birds from the healthy flock in order to ensure minimum
of loss.
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Prevention of diseases:
Diseases are everywhere and will attack birds at all ages. But careful management will prevent many
diseases. Clean water from a well (not a pond) is important to avoid the spread of water-borne diseases,
such as fowl cholera and Avian Influenza (AI).
Important diseases
Newcastle disease: The disease is very common during dry seasons, and is often seen in young chicks and
also in adults. High flock mortality - often between 30 and 80 per cent of the birds’ die when the disease
hits. Signs include loss of appetite, heavy breathing, greenish droppings/ sometimes bloody diarrhoea,
nervous symptoms, paralysis and sudden death. The disease is a virus so there is no treatment. Prevention
is by vaccination of all birds from two weeks of age.
Marek’s disease: It is a deadly and common viral condition. Due to its hardiness, it can survive the
harshest of conditions. Paralysed legs, wings, and/or necks, diarrhea, weight loss and difficulty in breathing
are the symptoms. Prevention is to vaccinate the birds. Always check to make sure that the chicken are
vaccinated for this disease before buying them.
Fowl pox: A common backyard chicken disease. It is transmitted by pecking insects on the skin or fighting.
Recovery is on its own. Keep houses/shelter clean as a preventive measure.
Pullorum disease (bacillary white diarrhoea): It affects young chicks. Walk with difficulty, big bellies
and dragging wings, faeces is liquid and turns white are a sign. There is no treatment. Strict hygiene,
isolate or kill and burn the birds are preventive measures.
Gumboro disease (infectious bursal disease): Chicks younger than six weeks are commonly affected.
Common symptom is diarrhoea. There is no treatment. Vaccination is the preventive measure.
Chronic respiratory disease (Mycoplasmosis): Symptoms are runny or blocked nose, swollen face and
closed eyes, drop in egg production and rare deaths. Supplementation of antibiotics in drinking water is
the only treatment.
Internal parasites
Coccidiosis: It occurs at all ages. Signs are tired, head down, ruffled feathers, bloody diarrhoea. Death in
young chicks is most commonly observed. If the chicks survive, they will remain thin and be late in
laying. Treatment includes anti-coccidiostatics in drinking water or feed. Regular and careful cleaning of
troughs and poultry houses is the preventive measure.
Worms: Backyard chicken can get internal parasite quite often. It is more dangerous to their health than
external parasites. A pale comb, diarrhoea and weight loss are the symptoms. Prevention include cleaning
up their feaces in order to prevent spreading them to others in the flock. Do not eat any eggs that your
chickens produce when they have worms.
External parasites
Fleas, ticks, lice, and mites: External parasites are very common among backyard chicken. Chicken lice
looks similar to the head lice seen on the heads of young human children. These are easy to see crawling
over the feathers or burrowed into the skin. These parasites are annoying to chicken and cause serious
medical conditions like tick fever. At the very least, they can cause itching and skin irritation, which can
leave the chicken open for other infections. Treat mild infestations quickly.
Vaccination
Vaccination is an effective means to prevent the adverse effects of specific diseases in poultry. Diseasecausing organisms can be classified as viruses, mycoplasma, bacteria, fungi, protozoa, and parasites. All
these organisms except viruses are susceptible to chemotherapy. Control of viral diseases is dependent
upon prevention through vaccination.
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Table 1 : Vaccination schedule for backyard birds
Age

Name of Vaccine

Dose

Route of vaccination

5-7th day

RDVF

1-2 drops

Intranasal/intra ocular

th

IBD

1-2 drops

Intra ocular

th

14-16 day
24-26 day

Lasota

—-

Drinking water

th

IBD booster

1-2 drops

Intra ocular

th

Deworming

—-

—-

th

R2B

0.5 ml

Intramuscular or subcutaneous

16 week

Lasota

—-

Drinking water

18th week

R2B

0.5 ml

Intramuscular or subcutaneous

4 week
7 week
8 week
th

Precautions while vaccination
•

An outdated vaccine may have deteriorated.

•

Each vaccine is designed for a specific route of administration.

•

Use only the recommended route.

•

Do not vaccinate sick birds.

•

Protect vaccines from heat and direct sunlight.

•

Most vaccines are living, disease-producing agents. Handle them with care.

•

When using the drinking-water method of vaccination, be sure the water is free of sanitisers and
chlorine. Live-virus vaccines are readily destroyed by these chemicals.

•

After vaccinating, all opened containers should be burned or disinfected to prevent accidental
spread to other poultry.

•

All vaccines should be checked for label of instructions for use and dates of expiration.

Area/Regional Approach in Promoting and Sustaining Backyard Poultry
Backyard poultry development initiatives have so far focused on providing ‘improved’ breeds for free or
for heavily subsidised prices. Often, these efforts have not survived for more than two or three cycles in
a given area, as management issues were not addressed. Considering these experiences, two changes/
modifications to the approach are required:
•

Focus on addressing management constraints rather than ‘providing improved breed birds’.

•

Focus on an ‘area/regional approach’, where support systems are institutionalised on an area basis
rather than on an ‘individual/family’ based approach.
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23. Weatherbased Agro Advisories
to Manage Crop Production (WBAA)
- A.V. M. Subba Rao
Indian agriculture is prone to weather/climate related problems since ages despite the advancement in technology.
Crops require weather from sowing to harvest for its growth, attaining different stages time to time, and for
functioning of internal physiological processes. Meteorological events like onset of monsoon, rainfall distribution,
dry spells and droughts, heavy rainfall, gusty winds, heat and cold waves, frost conditions, hailstorms, flash
floods and cyclones reduce the crop performance, damage the crop within no time and leave the farmer in crisis.
Economically, poor farmers at the subsistence level
have very little cash or income to meet the input
requirement. The required financial assistance is
obtained from banks through high interest rate.
When there is crop failure due to high climatic
variability such as droughts, the poor farmers lose
their entire investment.
In order to manage the crop, farmers are looking
for weather information right from the field
preparation, procurement of seed, fertiliser,
sowing, intercultural operations, managing pest
and disease infestation, harvest time, storage of
produce and transport to market. The normal
agronomic advisories do not have the weather input before fixing any field operations. But Agro Advisory
Services (AAS) is the value addition to advisory with effective weather forecast.
The AAS provide a very special kind of inputs to the farmers as advisories that can make a tremendous difference
to the agriculture production by taking the advantage of benevolent weather and minimise the adverse impact
of male volent weather. With the advancement in forecast technology, now India is capable of forecasting the
weather from seasonal scale to Now casting (forecasting within 6 hours) at national level to block level, whereas
value addition to these forecast for the benefit of farmers is done by the Indian Council of Agricultural Research
through its research partners in State agricultural universities in collaboration with farmers at field level. This
has a potential to change the face of Indian agriculture in terms of food security and poverty alleviation. Agrometeorological services rendered by India Meteorological Department (IMD), Ministry of Earth Sciences is a
step to contribute to weather based information related to crop/livestock management strategies to enhance
production in a sustainable manner.
Advancement in forecast technology is achieved by AICRPAM under ICAR in collaboration with State
agricultural universities and progressive farmers to benefit the smallholders.The combination of these value
added forecasts and advisories are called ‘Agromet Advisories’ developed and disseminated to farmers using
traditional ‘Dandora’ method to latest mobile apps and web-based applications like ‘m-Kisan’. These AAS are
empowering the farmer for decision-making at farm level besides helping the district level authorities to plan
accordingly.

Brief History
Regular weather services started by IMD for farmers in 1945 in the form of a ‘Farmers’ Weather Bulletin’ are
broadcast/broadcasted through All India Radio in regional languages. In 1971, on the recommendation of the
National Commission on Agriculture (NCA), it launched Agrometeorological Advisory Services (AAS), a
comprehensive tool tailored to farmers’ need. Then in 1975-1976, the US-based National Aeronautics and
Space Administration (NASA) conducted a Satellite Instructional & Television Experiment (SITE) with IMD
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and agricultural agencies that led to the production of crop specific weather-based agronomic advisories for
different regions of the country. These integrated AAS were further developed in 2007 and have steadily been
improved by collaborating with ICAR and SAUs.

What are Agromet Advisories
Agromet advisories are farmers bulletins prepared using the following information
•

Prevailing weather

•

Soil and crop condition

•

Weather prediction

•

Measures / practices / suggestions based on weather forecast

Structure of agro- advisory
Agro-advisory bulletin consists of three parts:
•

Weather events occurred during past week and weather forecast for five days ahead. (RF, WS, WD, RH,
max & min T).

•

It contains actual information on state and stage of crop growth, ongoing agricultural operations, disease
and insect pest occurrence.

•

It provides value added information on various farm activities to be undertaken.

Weather forecasts available in India
•

Short range forecast – valid for 24-48 hours

•

Used for deciding the irrigation water application, fertilisers, harvesting, etc.

•

Medium range forecast – valid for 3-10 days

•

Sowing, transplanting, irrigation, fertilisers, plant protection, harvesting and threshing.

•

Long range forecast - more than 30 days, month, season, etc.

•

Crop planning, Selection of cultivar, etc.

•

Nowcasting is the forecast within 6 hours time

•

Used for thunder storms, heavy rains in a particular area, sometimes hail prediction (half hour before
only), wind prediction

•

Extended range forecast for 15 days and above

•

Used for planning of farm operations

District Level Agromet Advisory Mechanism
IMD initiated district level AAS with medium range
weather forecasts on weekly basis and the crop
information at district level will be collected
byAgriculture Field Monitoring Units (AFMUs)
and Grameen Krishi Mausam Seva (KMS) centres.
By
integrating
this
information,
Agrometeorologists and other SMSs discuss and
devise Agromet advisories which are then
disseminated to the farmers through different forms
of ICTs. Further, feedback is collected from the
farmers to evaluate the performance of the
advisories provided. The lacunae will be identified
for further improvement in agromet advisories.
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Crop Weather Calendars (CWC)
CWC is constructed based on the stage-wise crop information and prevailing climate information as well as the
information pertaining to the onset of pest and diseases with the help of thumb rules generated. This will help in
identifying deviation of weather on weekly basis under each crop stage and that decides what action needs to be
taken for saving the crop.So, this is one of the best tool which helps in devising the Agromet advisories.
CWC provides information on the following in a pictorial form:
•

Normal dates of sowing .

•

Dates of commencement and duration of major phenological stages.

•

Climatic ranges of each phenological period for achieving higher productivity.

•

Optimum weather conditions for incidence and spread of pest/diseases.

Location-specific crop weather calendars would be very helpful in preparation of Agromet advisory bulletins.

Micro Level Agromet Advisories
District level Agromet advisories make a blanket recommendation of advisories which may not be viable for
block level. So, looking into the exigency, AICRPAM developed a methodology for issuing the advisories at
block level. In the recent advancement in forecasting technology, IMD started issuing the block level weather
forecasts which will be the input for developing the agromet advisories at block level. These forecasts are made
available in the IMD website for the convenience of the users.
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The micro-level agromet advisories are
prepared at block level. Agrometeorologist
collects the block level forecasts and also
appraises the current weather situation in the
block to the subject matter specialists of the
local KVK. There is a ‘Farm Information
Facilitator’ (FIF), who is acting as the
interface between the farmers and the SMSs
at KVK, collecting the information on crop
condition, farmers’ observations/queries and
passing them on to the KVK SMSs.
Then both the Agro meteorologist and SMSs
discuss the situation, develop the Agromet
advisories and hand them over to FIF for
communicating it to the farmers of the village
and disseminate the same using other ICTs
to reach all the farmers in the villages of the
block. Feedback will be collected for
evaluation and improvement of the Agromet
advisories at micro level.

Dissemination Mechanism
Weather information needs to reach the farmers as soon as possible, so that they can take any decision to
manage their crop. The Information Communication Technology in different ways enabled the timely
dissemination of Agromet advisories easily with multilingual compatibility.

Issues
•

Messages are too big and technical

•

English is the main language used

•

Different types of messages issued by government as
well as private operators create confusion among the
farmers i

•

Need to create awareness among the farmers on how
to read and make use of the messages
(in above pic, make weather-wise, otherwise)
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24. Establishment of Farm Machinery
Custom Hiring Centres (CHC) for Small Farm Holdings
- I. Srinivas, Y.D. Imran Khan and Devendra Kumar Kurrey

Introduction
Food security of growing population is a major concern in India. This calls for improved production,
which can be realised by enhancing input and energy use efficiency in agriculture through farm
mechanisation. However, a major chunk (85 per cent) of the landholders falls in the category of small and
marginal in the country. So, promoting small farm habitation in the long run is the major challenge for the
planners, government agencies and Non-Governmental Organisations (NGOs), who are aiming at high
farm productivity and doubling of farmers’ income in the country. Hence, there is an urgent need to make
small farm mechanisation a reality for increasing food productivity in the years ahead. The main reasons
for low agricultural productivity with small and marginal farmers are poor resource base, non-adoption of
improved technologies, and lack of support services and enabling mechanism. Mechanisation of agricultural
field operations sooner than later is the need of hour in Indian agriculture system. Mechanisation of
agriculture, of course, has some constraints and limitations.
Indian agriculture is undergoing a gradual shift from dependence on human power and draught animal
power (DAP) to mechanical power because maintenance of DAP and manual labour are becoming
increasingly costly coupled with scarce availability of fodder and feed to animal. Hence, mechanical
power has become more economical and indispensable to meet the targets of timeliness, and efficient
utilisation of natural resources and input use. Intensive cultivation also requires mechanisation. Use of
high capacity and energy efficient farm implements are more important in changing climate scenario.
This includes single window sowing period due to delayed monsoon or long dry spells between rainfall
events to complete farm operations. It is also relevant after prolonged water logging or for limited period
suitable for various intercultural practices such as weeding, earthing-up and harvesting.
Farm power availability from human and animal power sources has remained same or even reduced
during past 20 years (0.24 Kw/ha in 1951 to 0.20 Kw/ha in 2009). Farm power from tractors mechanical
and electrical sources put together increased 20-fold in the same period (0.04 Kw/ha in 1950 to 0.93 Kw/
ha in 2009).Timeliness of operations has significance for increased germination and required plant
population, good crop stand and sustained productivity of crops. All these are possible by way of using
high capacity energy efficient farm machinery. For example, the sowing of wheat is done up to the first
week of November in States like Punjab and Haryana. A delay beyond this period by every week leads to
decrease in crop yields of about 0.37 MT per ha. In rain fed agriculture regions of India, two-three months’
delay in onset of monsoon creates lot of problems among farming community. Even if it rains, the sowing
window period is very much limited. Hence, it is difficult to complete the land preparation and sowing
operation within the stipulated time. It further creates impact on subsequent operations like hoeing,
irrigation, intercultural, top dressing of fertiliser inputs, harvesting, threshing and marketing which need
to be done at appropriate time otherwise farm productivity and income are adversely affected.
Hence, the timeliness and precision in all these operations are equally important for higher yields. For
example, sowing of the required quantity of seed at proper depth and uniform application of given dose of
fertiliser can only be possible with the use of proper mechanical devices. Time taken to perform sequence
of operations is a factor determining the cropping intensity. To sum-up, mechanisation of agricultural
field operations sooner than later is the need of the hour considering the present scenario of Indian
agriculture. Mechanisation of agriculture has some constraints and limitations. Few of them are illustrated
in the next page:
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Constraints
1. High initial cost often prohibits individual ownership especially amongst small and medium farm
holds.
2. Lack of knowledge in the aspects of operation, maintenance and repair of equipment, often restricts
the use of farm machinery.
3. Repair and maintenance under individual ownership coupled with lack of space for shelter also limits
the use.

Custom Hiring Centers (CHCs)
Custom hiring of farm machines was first
introduced in Indian agriculture in the early
decades of 19 th century. When a 30-inch
(diameter) steam thresher was used for custom
hiring, the machines were taken to about 10
different places and used for two or three days at
each place. Organised custom hiring to promote
multi-farm use of agricultural machinery was
introduced in mid-1960 when Agro-Industries
Corporation (AIC) was established in the States.
AICs in 1970s to 1990s concentrated mainly on
land development and tillage operation aspects
and had not spread to other important field
operations. Custom hiring of farm implements got
Fig. 1 : Flowchart explaining farm machinery/equipment
further boost when Government of India, in 1971,
procurement for CHCs
launched a scheme to set up agro-services centers
all over the country. Custom hiring service, in a
limited way, was started in 1990s under the national schemes spread over India, under NATP and NAIP in
a limited way. Accordingly, it had low success rate because they were tried in limited area with extremely
less number of staff, i.e., concentrated to small pockets of India. Now, in 2010, under NICRA, by bringing
in 100 KVKs spread over drought/flood/hill area and other difficult situations of agriculture, the man
power utilisation and technical expertise of KVKs, is harnessed to popularise custom hiring services.
Biggest advantages with the present launch of custom hiring services are:
I. Make various farm machinery/equipment available to small and marginal farmers at affordable rent
on hiring basis
II. Meet timeliness of operational needs through appropriate machinery.
III. Facilitate farmers on application of innovative crop management practices with specific machinery.
IV. Increase the productivity and cropping intensity by increasing the power availability at farm level.
However, the impact of all these units is not so evident at national level because of some technical and
managerial constraints. Hence, there is a need to re-look into the establishment of CHC with a special
focus on farmers with small farm holding.

Need for Small-scale CHCs:
During the last few decades, climate change and its impacts such as frequent droughts, high intensive
rainfall and extreme weather events have condensed the number of workable days. Keeping these factors
in view, many new crop production technologies with appropriate machines have come into prominence.
Establishing CHCs with expensive farm implements in villages is an important strategy to meet
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mechanisation needs of farmers, particularly from small and marginal sections. In this aspect, CRIDA has
taken a lead role and established more than 151 CHCs of farm implements across all ecological regions in
India under National Innovations in Climate Resilient Agriculture (NICRA) project, an ICAR flagship
platform. Apart from that, many of the State government agencies, NGOs and other entrepreneurs have
established and are operating these CHCs in various parts of the country.

Establishment of Small-scale CHCs
Custom hiring is an approach with an immense potential to change the farm mechanisation landscape of
the country with increased participation of stakeholders cutting across the farmers to the entrepreneurs
with financial backup and by supplying all need-based equipment for entire life cycle of a crop. The
success of the concept can be seen at field level in terms of productivity enhancement at reduced cultivation
cost if implemented in holistic manner. The system of sharing the implements on hiring basis is not new
in India and has been practiced for many years but on individual implement basis. However, the systematic
structural framework for the same by keeping more number of implements at one place to meet requirements
of many operations had started a decade back. In fact, the earlier models of CHC more or less followed
the centralised approach with ore capital need with medium to large scale machinery. Many times this
was backed by the financial aid from banks and other government agencies. This is the high time to
initiate the establishment of CHCs to cater to the needs
of small farm holding farmers.
The following points need to be considered while
establishment of CHCs:
1. Cropping systems in the village or block
2. Labour availability
3. Mechanisation needs of different operations
4. Cropping area extent
5. Skilled workers availability
6. Engineering workshop for repair and maintenance

Tractor drawn Planter

Selection Farm Implements
These are the some of the minimum implements required to start the CHC which can be compatible with
25 or 35 hp tractor:
1. Reversible MB plough

2. Rotavator

3. Cultivator

4. Bullock drawn seed drill

5. Bullock drawn weeders

6. Tractor drawn seed drill

7. Seed cum fertiliser drill

8. Tractor mounted sprayer

9. Reaper-Binder

10. Multi crop thresher

11. Straw reaper and Trolley

12. Front Dozer

13. Disk Harrow

14. Zero-till Drill

15. Dibblers

16. Happy Seeder

17. Self propelled reapers/harvesters, etc.

Rotavator

Advantages
Expected advantages by establishing CHCs:
1. Mechanisation in critical operations can be improved because of availability of high cost machinery
at village level.
2. Cropping intensity will be increased in some of the areas.
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3. Some of the critical agronomic recommendations like
intercropping and residue incorporation can be taken
up with advanced machinery.
4. Timely harvesting and threshing made possible as per
climatic conditions.
5. Cropping intensity can be increased because of timely
planting.
6. Saving in inputs.
7. Increase in water use efficiency.
8. Reduce the energy requirement and there by decreases
the emissions.
9. Reduction in labour cost.
10. Increase in overall profit.

Multi Crop Thresher

Financial need: It needs Rs. 5-6 lakh to buy the equipment to establish CHC apart from tractor cost.
Profit: It is expected that the annual rate of return will be around 16-25 per cent based on the area
covered.

Period of Time: Step 1- 3 (2 months), step 3-7 (1 month), Step 7-16 (1 month).
Cost: Varies from machine to machine but more than 15 machines should be kept, with at least Rs.3 lakh
investment.
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25. Agri-Insurance & Credit (Finance)
- Utkarsh Ghate and K. Krishna Reddy

Concept
Income is proportional to the effort is a common wisdom
and it is true of farming too. More investment in seed,
fertiliser, pest management, irrigation, labour, etc., provides
higher yield and returns. But the farmer needs timely money
supply for this. Farm harvest and income generation
happen only two-three times in the year (Kharif- October,
Rabi- February and Summer- May), but the expenses occur
each month.
Insurance- Agriculture income is uncertain due to climatic
variability and pest-disease risk. Loan- Hence, farm loan
is necessary for steady inputs followed by good income.
The loan can be repaid from the seasonal income. Farming
without loan or much efforts can help earn only limited
(income).

Insurance
•

Insurance protects crop from drought, flood, other calamities (pest attack), etc., by compensating
the lost amount.

•

Farm insurance also covers- farmers’ accident, asset damage (tractor, etc.).

•

Horticulture mission has strong insurance package with good compensation.

•

Eligibility: any farmer, even of sought no crop loan can
also apply for it.

•

Needs: Land documents are required and payment of
premium is necessary. It covers only 2-3 per cent of the
risk and the rest is paid by the government. For instance,
Rs. 2,000 for an insurance cover of Rs. 1 lakh.

•

Weather Based Crop Insurance Scheme (WBCIS) is
automatic- once the district collector announces drought/
flood/ mass crop loss by any natural calamity, the
compensation is automatically credited to the farmer’s
account, if premium is paid.

•

For other cases, PMFBY- Prdhan Mantri Fasal Bima Yojana
applies, if the farmer has paid premium. Then, the farmer
has to submit compensation claim and follow up to get
paid. Generally, the cultivation cost is paid for. It is
improved, Latest version of the National Agriculture
Insurance Scheme (NAIS)/ or ‘Rashtriya Krishi Bima
Yojana’ (RKBY).

•

NAIS envisages coverage of all food crops (cereals and pulses), oilseeds, horticultural and
commercial crops. It covers all farmers, both loanee and non-loanee, under the scheme.
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Process
PMBFY- Sum assured: Crop or loan value/ income threshold per acre that government
declares.The premium rates vary from 1.5 per cent to 3.5 per cent of sum assured for food crops. In the
case of horticultural and commercial crops, actuarial rates are charged. Small and marginal farmers are
entitled to a subsidy of 50 per cent of the premium charged - the subsidy is shared equally between the
Government of India and the States. The subsidy is to be phased out over a period of five years.
Risks covered: (a) Yield-Loss- deficit or excess rainfall, relative humidity, temperature, wind speed
landslide, pest, diseases or fire. Hail-storm/cloud burst- add-on. (B) no sowing- by drought/ flood, (C)post-harvest loss- any factor above, except enmity/ conflict/ wildlife.
Contact points: Your local bank/ village agri-cooperative nearby.
Weather Based Crop Insurance Scheme (WBCIS): Premium rates- max. 10 per cent- Kharif; Rabi- 8
per cent, commercial / horticultural crops- 12 per cent. Payout- automatic in bank a/c- weather linked.
The agriculture department, the banks, insurance agencies run internet based weather information system.
As soon as the district collectors announces drought and crop yield loss percentage, compensation disbursal
begins digitally.

Procedure
PM Fasal Bima Yojana

Weather based insurance

Loanee

Others

Apply -

Automatic premium

Pay premium

Premium payment

Apply claim, if any loss

Calamity strikes

Govt. assessment

Govt. declares disaster, yield loss percentage

Pay-off/ rejection

Automatic payment in bank

Premium and Risk cover- example
Type

Premium Rs. (%)

Sum assured

Crop lossassessed

Pay-out Rs.

Formula

2,000 (2%)/ acre

Rs. 100,000/(one lakh)

40%

Rs. 40,000/(forty thousand)

Example**
(Sheopur
district, M.P.)

Rs. 275/- (two seventy
five- 15 sents i.e.
Guntha)

Rs. 10,000/(Ten thousand)

25%
(quarter)

Rs. 2,500/(Two & half
thousand)

Note- This return may look small but it’s 10 times the premium paid. Also, Saharia tribal living in Sheopur are
ultra-poor, they own just 1/3rd to half or a maximum of one acre of land. and earn Rs. 2,000-4,000/- p.m. doing petty
jobs and migrate for it during summer. They cultivate in Rabi, not in Kharif and hence are poor.

Benfits
Low premium- (a) 2 per cent (Kharif), (b) 1.5 per cent- Rabi, (c)
5 per cent- horticulture/ commercial crops.
Subsidy- Small/marginal farmers- 50 per cent of premium paid.
Accident/ disease- Not only crop loss but farmer’s personal
accident/asset los is covered.
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New crops- Risky, high value crops can start in region.
It is important for CRPs to ask farmers in their SH members if they sought farm loan and/or insurance as
well as help them to apply to it and obtain it, if not accessed. This will make farming profitable, interesting
and risk-free.

Credit
A) Farm loan/ Kisaan Credit Card
•

Agri-credit or farm loan is an emerging facility for the farmers to provide farm inputs, equipment
and other costs such as labour, marketing expense, etc. The agri-credit comprises two components.

1) Working Capital
•

This covers the running expenses such as seed, fertiliser, labour, electricity, etc., in the crop cycle.

These are limited and can cost up to Rs. 10,000/- to 50,000/- per acre for many crops, rarely more- say Rs.
1 lakh/ acre for chilli. Accordingly, the bank provides loan in the crop-wise and area-wise (district-wise)
defined limit so as to cover the(a) Cost of cultivation- all inputs like seed, chemicals, machinery, labour, etc.
(b) Post-harvest expenses- drying, storage, packing, transport, etc. required for sales, and
(c) Farm maintenance cost- fencing, levelling, pond/ bunding, etc.
•

Kisan Credit Card (KCC)- to provide easy finance to farmers for running cost, quickly when
needed, and avoid lengthy application and sanction process, the government has instituted KCC.
It is low interest loan-fixed and working capital i.e., property and running cost respectively like a
“cash credit” facility for the traders. It requires no guarantee (security/ collateral) up to Rs. 1 lakh.
This has saved the farmer from delays and corruption if any. (Please see Annexure 1 for details).
The interest rate is 7 to 9 per cent depending upon the bank. Repayment period is one year. Interest
rate is compounded half-yearly after wards. A defaulter cannot get next loan so the farmers repay
it soon.
Documents required•

Filled-in and signed-in application form.

•

Identity proof- Aadhaar card, PAN card, Voter ID,
driving licence, etc.

•

Copy of address proof- Aadhaar card, PAN card,
Voter ID, driving licence.

•

Land papers- map, 7/12 (Khasra-naksha).

•

A passport size photograph.

•

Security, if requested by the issuing bank

Issuing Banks- Online- ICICI, etc./any local bank, please Contact them for guidance.
•

District cooperative banks

•

Private or public banks- SBI, Axis, etc. (all banks have yearly target of KCC to complete).

•

KCC available at no/ low charge to members of primary agri.-coop. society in villages (PACS).

•

Membership fee of PACS is nominal- Rs. 100/- along with copy of the farm papers (7-12/
Khasranaksha, i.e., farm map, revenue record no.)
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•

KCC is like RuPay card/ any credit card- with limit upto- Rs. 1.0 lakh. Contact any local bank to
apply.

•

Many farmers have account in district cooperative banks (DCB) that are main providers of KCC.

•

Insurance of the loan is already covered in the loan and 2 -5 premium premium is deducted from
the loan.

•

If finance beyond Rs. 1.0 lakh is needed, say for Banana or Sugarcane farming for 3 acre
(Rs. 5 lakh budget), agri-loan is available separately from the local banks, other than KCC, by
applying in the said format & with similar interest and repayment terms.

•

Interest rate- of even 3 per cent for loans up to Rs. 1 lakh may be available for PACS/ DCC loans
in states like Karnataka http://sahakara.kar.gov.in/faqCredit.html. Interest subversion (subsidy)
of up to Rs. 3.0 lakh is available and interest beyond it is also 3 per cent only as of 2014-15 vide
above website.

2) Term loan- for ‘fixed’ cost i.e. machinery, go-down, farmhouse,
etc., i.e. property – long-term assets building. These are bulk
expenses running in lakhs of rupees and need big and timely
cash such asa. Machinery- tractor/ combined harvester
b. Drip irrigation
c. Allied activities- dairy, poultry, fishery, etc.
These lead to productivity increase and enable repayment of loan with interest.
Under horticulture mission, easy loan and subsidy are available for shade-net, polyhouse, etc., costing
about Rs. 8.0 to 14.0 lakh for growing vegetables ranging from tomato to litchi or flowers. The last three
activities also diversify agriculture/ livelihoods, making it more stable in climate change.

Benfits
Auto-Insurance: Personal accident, asset insurance and crop insurance covered in credit!
Multipurpose: Working capital- for seeds, fertiliser, pesticide, labour, etc., or any similar use
Easy credit: Not much paperwork/ hassles, limit Rs. 1.0 lakh/ farmer- repay in one year or ina maximum
period of three years.
Low interest rate- Maximum 9 per cent to farmer, usually just 7 per cent.
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Annexure 1- Kisan Credit Card scheme- State Bank of India (SBI)
Kisan Credit Card Scheme
- https://www.sbi.co.in/portal/web/agriculture-banking/kcc

Features
Features and benefits

Get interest at saving bank rate on credit balance in KCC account
Free ATM cum debit card (State Bank Kisan Card) for all KCC
borrowers
Interest subvention @ 2% p.a. is available for loan amount up to
Rs. 3.0 lakh
Additional interest sub vention @ 3% p.a. for prompt repayments
Notified crops/notified areas are covered under crop insurance for
all KCC loans

Eligibility

All farmers – individuals/joint cultivator owners, tenant farmers,
oral lessees and share croppers, etc.
SHGs or joint liability groups including tenant farmers

Quantum of loan

Quantum of loan for first year will be assessed on the basis of cost
of cultivation, post-harvest expenses and farm maintenance cost
For subsequent five years, loan will be sanctioned on the basis of
increase in scale of finance

Collateral security

Collateral security is waived for KCC limit up to Rs. 1.0 lakh
Sanctioned KCC limit will be considered for the purpose of fixing
collateral security requirement

Rate of interest

Simple interest @7% p.a will be charged for one year or up to the
repayment due date, whichever is earlier
In case of non-repayment within the due dates interest is applied
at card rate
Beyond due date interest will be compounded half-yearly

Repayment

The repayment period may be fixed as per the anticipated harvesting
and marketing period for the crops for which a loan has been
granted

Documents required

Duly filled-in application form
Identity proof- Voter ID card/PAN card/Passport/ Aadhaar card,/
driving licence, etc.
Address proof: Voter ID card/Passport/Aadhaar card/driving
licence, etc.

How to apply

Contact your nearest SBI branch for application and further details
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26. Convergence of Flagship Programmes to
Climate Resilient Agriculture Practices
- V. Suresh Babu and V. Srinivasa Rao

Introduction
Rural poor are most vulnerable to climate change, as their livelihood is directly dependent on environmental
resources. As extreme events increase, the potentiality of longer and more severe drought, and increased
water stress would be greater. These will have an adverse impact on agriculture, water sources, forest and
coastal areas. Several studies have indicated that as the surface temperature of earth rises, climate change
will reduce crop productivity.This will be more pronounced in rainfed areas, and would further increase
the vulnerability of the rural poor (www.nrega.nic.in).
Substantial amounts have been spent annually for development of rural areas and eradication of poverty
by the Central and State governments under various programmes in various sectors. Each programme is
implemented based on a set of guidelines and through separate administrative and institutional
arrangements. The main ministries with substantial resource commitment for rural areas include: MoRD
(all programmes), MoPR, MHRD (primary education-SSA), MoA (all programmes), MoHFW (PHCs,
NRHM) and Ministry of Women and Child Development (ICDS). There are other ministries which have
sizeable to marginal resource commitment for rural areas and these include Ministry of Social Justice and
Equity, Ministry of Tribal affairs, MoEFCC, MoWR and Ministry of Energy and Power.
Despite concerted efforts by the Central and State governments, most of the development departments
have been functioning in a compartmentalised manner. This has been resulting in problems of coordination
and suboptimal utilisation of both human and financial resources. Further, nature of programme
implementation at the field level is beset with inefficiency, poor implementation efforts, corruption and
lack of transparency. The programmes of Ministry of Rural Development, Government of India and the
programmes of several other ministries have some overlapping areas in terms of objectives and target
groups. Processes and activities are also quite similar in many ways in these programmes.
All guidelines stipulate inter-programme coordination and convergence. Planning for all the development
programmes are being carried out in isolation by each individual scheme. In such scenarios, (duplicity) of
project and transfer of benefits of various programmes to an individual is inevitable. To avoid such
controversies, Ministry of Panchayati Raj, Government of India has launched a holistic or integrated
planning of all welfare and development programmes through Gram Panchayat Development Plan (GPDP).
The concepts of convergence and integrated approaches have been tried in sporadic, unique planning
process under GPDP facilitates convergence of major flagship programmes such as MGNREGA, WCPMKSY, DAY-NRLM, etc.

What is Convergence?
Convergence is the alignment of resources, objectives and expertise by diverse stakeholders to achieve
common goals. Convergence focuses on inclusivity, empowering the poorest of poor, gender equity, and
people’s participation and partnering with local governments. It strives to address economic, social, and
environmental challenges. The convergence approach has a special significance in addressing development
challenges as it is brought about through cooperation between elected representatives, government
departments, community networks and civil society organisations.

Role of Gram Panchayat
The Constitution of India has assigned to the Panchayati Raj Institutions (PRIs) the responsibility of
economic development and social justice in respect of 29 subjects listed in schedule XI. As local
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government, GPs are responsible for delivery of basic services to local citizens and address vulnerabilities
of poor and marginalised ones. This can only be achieved through implementation of well-thought-out
plans through efficient and responsible utilisation of available resources. Hence, an efficient and robust
planning process as part of GP’s core functioning becomes necessary. GPDP need to match people’s
needs and priorities with available resources and as such it is has to be prepared through a fair, inclusive,
transparent and participatory process.

Flagship Programmes
The Government of India has developed various programmes under various ministries over the years.
MGNREGA with its inter-sectoral approach opens up opportunities for convergence. The planning and
execution of works under MGNREGA can be done in conjunction with the schemes of Ministry of
Agriculture, Ministry of Rural Development, Ministry of Water Resources, Ministry of Environment,
Forest and Climate Change, etc. The permissible works under MGNREGA strengthen the synergy with
agriculture and allied sectors, conventional energy, etc. MGNREGA is mandated to involve 60 per cent of
works related to agriculture that can improve the quality and durability of the assets, facilitating productive
systems resulting in livelihood enhancement of the village community. The agriculture and rural livelihood
related works permissible under MGNREGA are:
i.

Water conservation and water harvesting structures to augment and improve groundwater like
underground dykes, earthen dams, stop dams, check dams with special focus on recharging
groundwater, including drinking water sources;

ii.

Watershed management works such as contour trenches, terracing, contour bunds, boulder checks,
gabion structures and spring shed development resulting in a comprehensive treatment of a watershed;

iii. Micro and minor irrigation works and creation, renovation and maintenance of irrigation canals and
drains;
iv.

Renovation of traditional water bodies including desilting of irrigation tanks and other water bodies;

v.

Afforestation, tree plantation and horticulture in common and forest lands, road margins, canal bunds,
tank foreshores and coastal belts duly providing right to usufruct to the households;

vi. Improving productivity of lands in revenue and private lands (individual) through land development
and by providing suitable infrastructure for irrigation including dug wells, farm ponds and other
water harvesting structures;
vii. Improving livelihoods through horticulture, sericulture, plantation, and farm forestry;
viii. Development of fallow or waste lands of households to bring it under cultivation;
ix. Creating infrastructure for promotion of livestock such as poultry shelter, goat shelter, piggery shelter,
cattle shelter and fodder troughs for cattle; and
x.

Creating infrastructure for promotion of fisheries such as fish drying yards, storage facilities and
promotion of fisheries in seasonal water bodies on public land;

How to access the benefit of convergence under MGNREGS: In order to access the benefit of permissible
works listed under MGNREGS, an individual can submit a written or oral request to the office-bearer of
the Gram Panchayat during Gram Sabha (Village community meeting) organised during planning process
for the next financial year programmes under Gram Panchayat Development Plan. On priority basis or on
first come, first serve basis, the demand made by an individual will be included in the list of works to be
executed in the next financial year on obtaining technical and financial approval from the District
Programme Coordinator (District Collector/District Magistrate).
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Rashtriya Krishi Vikas Yojana – Remunerative Approaches for Agriculture and Allied Sector
Rejuvenation (RKVY – RAFTAAR): The Rashtriya Krishi Vikas Yojana (RKVY) is an important scheme
of the Government of India, Ministry of Agriculture and Farmers’ Welfare (MoA&FW) aimed at
strengthening infrastructure in agriculture and allied areas. In order to promote agri-preneurship and
agribusiness by providing financial support and nurturing the incubation ecosystem, a new component
under the revamped scheme RKVY- RAFTAAR has been launched in 2017-18 with 10 per cent of annual
outlay inclusive of 2 per cent administrative cost. In this process, incubation facilities and expertise
already available with participating academic, technical, management and R&D institutions in the country
shall be utilised on an individual or collective basis to harness synergies. The existing institutional
agribusiness incubators would be strengthened on a need basis by providing grants-in-aid.
National Food Security Mission (NFSM): The programme targets additional production of 25 million
tonnes of food grains comprising of 10 million tonnes of rice, 8 million tonnes of wheat, 4 million tonnes
of pulses and 3 million tonnes of coarse cereals. From the years 2018-19 and 2019-20, National Mission
on Oilseeds and Oil Palm (NMOOP) and Seed Village Programme are part of NFSM and thus, NFSM will
have eight components, viz. (i) NFSM- Rice; (ii) NFSM-Wheat; (iii) NFSM-Pulses; (iv) NFSM-Coarse
Cereals (Maize, Barley), (v)NFSM-Sub Mission on Nutri-cereals; (vi) NFSM-Commercial Crops; (vii)
NFSMOilseedsand Oil Palm; and (viii) NFSM-Seed Village Programme. These operational guidelines
are for NFSM-Foodgrains, Commercial Crops, Oilseeds and Oilpalm, Seed Village Programme and Submission on Nutri-cereals.
Mission for Integrated Development of Horticulture (MIDH): Mission for Integrated Development of
Horticulture (MIDH) is a Centrally Sponsored Scheme for the holistic growth of the horticulture sector
covering fruits, vegetables, root and tuber crops, mushrooms, spices, flowers, aromatic plants, coconut,
cashew, cocoa and bamboo. It aims to promote holistic growth of horticulture sector, including bamboo
and coconut through area based regionally differentiated strategies, which includes research, technology
promotion, extension, post-harvest management, processing and marketing, in consonance with
comparative advantage of each State/region and its diverse agro-climatic features; Encourage aggregation
of farmers into farmer groups like FIGs/FPOs and FPCs to bring economy of scale and scope. Enhance
horticulture production, augment farmers, income and strengthen nutritional security; Improve productivity
by way of quality germplasm, planting material and water use efficiency through Micro Irrigation. Support
skill development and create employment generation opportunities for rural youth in horticulture and
post harvest management, especially in the cold chain sector.
National Mission for Sustainable Agriculture (NMSA): National Mission for Sustainable Agriculture
(NMSA) has been formulated for enhancing agriculturalproductivity, especially in rainfed areas focusing
on integrated farming, water use efficiency, soil health management and synergising resource conservation.
This aims at promoting sustainable agriculture through a series of adaptation measures focusing on
10 key dimension compassing Indian agriculture namely; ‘improved crop seeds, livestock and fish cultures’,
‘water use efficiency’, ‘pest management’, ‘improved farm practices’, ‘nutrient management’, ‘agricultural
insurance’, ‘credit support’, ‘markets’, ‘accessto information’ and ‘livelihood diversification’, Soil Health
Management, Promoting use of INM, IPM, Promotion of organic farming, Submission on Agriculture
Mechanisation, etc. To make agriculture more productive, sustainable, and remunerative and climate
resilient by promoting location specific Integrated/Composite Farming Systems (conserve natural resources
through appropriate soil and moisture conservation measures, pest and nutrient management).
Mahatma Gandhi National Rural Employment Guarantee Scheme (MGNREGS): Under this
scheme,Panchayati Raj Institutions (PRIs) will create assets in addition to employment creation involving
and community institutions. The Gram Panchayat is the key institution facilitating collective action for
planning, implementation and monitoring of MGNREGS works. Most of the works supported by the
MGNREGS are related to the management of natural resources, such as water conservation, water
harvesting, drought proofing, irrigation works, etc. Further more, these works are supposed to be undertaken
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through a process of social mobilisation, social engineering and partnership between civil society
organisations and State governments. The Gram Panchayats will enable the SLACC to leverage resources
that are needed to execute adaptation strategies related to conserving and enhancing ecosystem services
and maximise the potential of MGNREGS to contribute to longer-term livelihood security and climate
resilience.
National Rural Livelihoods Mission: It is a national programme that aims at creating efficient and
effective institutional platforms ofthe rural poor enabling them to increase household income through
sustainable livelihood enhancements and improved access to financial services. The programme will
support through self-managed self-help groups and federated institutions for livelihoods collectives. In
addition, the poor would be facilitated to achieve increased access to their rights, entitlements and public
services, diversified risk and better social indicators of empowerment. As agriculture is the mainstay
livelihoods activity for a large proportion of the ruralpoor, NRLM lays special focus on sustainable
agriculture and animal husbandry, non-timber forest produce and fisheries. At the State level, the State
Rural Livelihoods Mission (SRLM), constituted by the State government, oversees the implementation of
all NRLM activities through a State Mission Management Unit (SMMU). The NRLM reaches poor
households through self-help groups typically made up of women and their federated institutions, and
also supports specialised institutions such as ‘common interest’/‘producer groups’.
Mahila Kisan Sashaktikaran Pariyojanav (MKSP): The NRLM initiated the MKSP for empowering
women in agriculture. A core focus of MKSP is to promote sustainable and more productive agriculture
through the use of local inputs and risk mitigation approaches to ensure food security and increased net
household income.
National Rural Livelihoods Project: NRLP has the following components: (i) institutional and human
capacity development at the national, State, district and sub-district levels; (ii) State livelihood support
towards the establishment of institutional platforms of the rural poor for improved access to financial,
livelihood and public services; (iii) innovation and partnership to identify and partner with innovative
organisations/ideas which address the livelihood needs of the rural poor and help in piloting or scaling
up; and (iv) project management as well as monitoring and learning systems. The livelihood support
component of the NRLP includes support for grants to institutions of the poor to enable them to undertake
livelihood-enhancing activities on the basis of their micro-investment or livelihood plans.
Rainfed Area Development Programme (RADP):Increasing agricultural productivity of rainfed areas
in a sustainable manner by adopting appropriate farming system based approaches and minimise adverse
impact of crop failure due to natural calamities resulting in sustained employment opportunities through
improved on-farm technologies and cultivation practices through convergence and enhance farmers’
income.
Kisan Credit Card: The Kisan Credit Card (KCC) scheme is a credit scheme introduced by Indian banks.
This model scheme was prepared by the National Bank for Agriculture and Rural Development (NABARD)
on the recommendations of R.V. Gupta committee to provide term loans and agricultural needs.Its objective
is to meet the comprehensive credit requirements of the agriculture sector by giving financial support to
farmers. Participating institutions include all commercial banks, regional rural banks, and State cooperative
banks. The scheme has short-term credit limits for crops, and term loans. KCC credit holders are covered
under personal accident insurance up to Rs. 50,000/- for death and permanent disability, and up to
Rs. 25,000/- for other risks. The premium is borne by both the bank and borrower in the ratio of 2:1. The
validity period is five years, with an option to extend for up to three more years. Kisan Credit Card (KCC)
is offering credit to the farmers in two types, viz. 1. cash credit 2. term credit (for allied activities such as
pump sets, land development, plantation, drip irrigations).
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Pradhan Mantri Fasal Bima Yojana (PMBFY): Pradhan Mantri Fasal Bima Yojana (PMFBY) aims at
supporting sustainable production in agriculture sector. All farmers including share croppers and tenant
farmers growing the notified crops in the notified areas are eligible for coverage. However, farmers should
have insurable interest for the notified/ insured crops. The non-loanee farmers are required to submit
necessary documentary evidence of land records prevailing in the State [Records of Right (RoR), Land
Possession Certificate (LPC), etc.] and/or applicable contract/agreement details/other documents notified/
permitted by State government concerned (in case of sharecroppers/ tenant farmers).
Paramparagat Krishi Vikas Yojna (PKVY): Paramparagat Krishi Vikas Yojna (PKVY) is a subcomponent of Soil Health Management (SHM) scheme under National Mission of Sustainable Agriculture
(NMSA). It aims at the development of sustainable models of organic farming through a mix of traditional
wisdom and modern science to ensure long-term soil fertility build-up, resource conservation and helps
in climate change adaptation and mitigation. It primarily aims to increase soil fertility and thereby helps
in production of healthy food through organic practices without the use of agro-chemicals. PKVY also
aims at empowering farmers through institutional development through clusters approach not only in
farm practice management, input production, quality assurance but also in value addition and direct
marketing through innovative means. Participatory Guarantee System under PGS-India programme will
be the key approach for quality assurances under the PKVY. The farmers will have option to adopt any
form of organic farming in compliance of PGS-India standards. While adopting a system, it must be
ensured that the system adopted is compatible to the area and crop, and assures optimum yield and provides
adequate measures to manage nutrients,pests and diseases. Farmers will have the flexibility to use
appropriate package of practice(s) best suited to their situations.
Kisan Urja Suraksha evam Utthaan Mahabhiyan (KUSUM): The Kisan Urja Suraksha evam Utthaan
Mahabhiyan (KUSUM) is introduced with the objective of providing financial and water security to
farmers. With an aim to promote use of solar power among farmers, the government’s target is to launch
the Rs. 1.4 crore scheme. Under this scheme, farmers having barren or agriculturally unproductive land
will be provided financial assistance to setup solar power plants.“This will help in increasing the farmers’
income by many-fold,” The scheme will help farmers to install total 10 GW of solar power plants of
intermediate capacity of 0.5 to 2 MW each. It also envisages 50,000 Grid-connected tube-wells/lift
irrigation and drinking water projects.”The scheme also has direct employment potential. Besides increasing
self-employment for skilled and unskilled workers,” The total central financial support provided under
the scheme would be Rs. 34,422 crore.”This will have substantial environmental impact in terms of savings
of carbon dioxide emissions. The scheme combined together is likely to result in saving of about 27
million tonnes of carbon dioxide emission per annum. Further, stand alone solar pumps may result in
saving of 1.2 billion litre of diesel per annum and associated savings in the foreign exchange due to
reduction of import of crude oil,”
Along with this, installation of stand alone off-grid solar water pumps to fulfil irrigation needs of farmers
not connected to grid and solarisation of existing grid-connected agriculture pumps to make farmers
independent of grid supply and also enable them to sell surplus solar power generated to DISCOM and
get extra income. The scheme will also for solarisation of tube-wells and lift irrigation projects of
government sector.
National Project on Organic Farming: This project is introduces for the promotion of organic farming
in the country through technical capacity building of all the stakeholders including human resource
development, transfer of technology, promotion and production of quality organic and biological inputs.
Awareness creation and publicity through print and electronic media. To act as nodal quality control
laboratory for analysis of biofertilisers and organic fertilisers as per the requirement of Fertiliser Control
Order. Revision of standards and testing protocols keeping in view the advances in research and technology
and bringing remaining organic inputs under quality control regime. Organic input resource management,
technology development through support to research and market development. To maintain National and
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Regional culture collection bank of biofertilizer, biocontrol, waste decomposer organisms for supply to
production units, development & procurement and efficacy evaluation of biofertilizer strains and mother
cultures. Promotion of Organic Farming through low cost certification system known as “Participatory
Guarantee System”. NPOF scheme provides financial assistance through Capital Investment Subsidy
Scheme (CISS) for agro-waste compost production units, bio-fertilizers/bio-pesticides production units,
development and implementation of quality control regime, human resource development, etc.
Mahila Kisan Sashaktikaran Pariyojanav (MKSP): It is a subcomponent of National Rural Livelihood
Mission (NRLM) to improve the present status of women in agriculture and to enhance the opportunities
for her empowerment. It is also to strengthen the community institutions of poor women farmers and
leverage their strength to promote sustainable agriculture.
Mission for Integrated Development of Horticulture (MIDH): Mission for Integrated Development of
Horticulture (MIDH) is a Centrally Sponsored Scheme for the holistic growth of the horticulture sector
covering fruits, vegetables, root andtuber crops, mushrooms, spices, flowers, aromatic plants, coconut,
cashew, cocoa and bamboo. The mission will be demand and need based in each segment. Technology
will play an important role indifferent interventions. Technologies such as Information Communication
Technology (ICT), Remote Sensing and Geographic Information System will be widely used for planning
and monitoring purposes, including identification of sites for creating infrastructure facilities for postharvest management, markets and production forecasts.
Fishery (Development of Inland Fisheries and Aquaculture): The scheme helps in development of
fisheries to strengthen the food security, generate employment opportunities and earn foreign exchange
with the ultimate objective of improving the socio-economic status of fishers and other people engaged in
the sector with the following components, viz. Development of Freshwater Aquaculture, Development of
Brackishwater Aquaculture, Coldwater Fisheries and Aquaculture, Development of Waterlogged Areas,
Productive Utilisation of Inland Saline/Alkaline Soils for Aquaculture, Integrated Development of Inland
Capture Resources (reservoirs/rivers, etc.)
Gram Panchayat Development Plan (GPDP): Gram Panchayats have been mandated for the preparation
of Gram Panchayat Development Plan (GPDP) for economic development and social justice utilising the
resources available to them. The GPDP planning process has to be comprehensive and based on participatory
process which involves the full convergence with schemes of all related Central Ministries /Line
Departments related to 29 subjects enlisted in the Eleventh Schedule of the Constitution. Panchayats
have a significant role to play in the effective and efficient implementation of flagship schemes on subjects
of National Importance for transformation of rural India. The campaign initiated under ’Sabki Yojana
Sabka Vikas’ will be an intensive and structured exercise for planning at Gram Sabha through convergence
between Panchayati Raj Institutions (PRIs) and Line Departments of the States concerned.
National Rural Livelihoods Mission (NRLM): The objective of the Mission is to promote sustainable
livelihoods for the poor suchthat they come out of poverty. The institutions of the poor are intended to
facilitate (i) access to formal credit; (ii) support for diversification and strengthening of livelihoods; and
(iii) access to entitlements and public services. The Mission also supports training and capacity building
of the poor, particularly in relation to managing the institutions, livelihoods, credit absorption and creditworthiness, development of skills for rural youth and their placement, training and self-employment through
rural self-employment institutes (RSETIs), innovations, infrastructure creation and market support.
Rashtriya Gram Swaraj Abhiyan (RGSA):It is a revamped version of Rajiv Gandhi Panchayat
Sashaktikaran Abhiyan (RGPSA) and covers various projects to strengthen the Panchayati Raj system in
the country. Enhance capacities and effectiveness of Panchayats and the Gram Sabhas; Enable democratic
decision-making and accountability in Panchayats and promote people’s participation; Strengthen the
institutional structure for knowledge creation and capacity building of Panchayats; Promote devolution
of powers and responsibilities to Panchayats according to the spirit of the Constitution and PESA Act;

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)

211

Strengthen Gram Sabhas to function effectively as the basic forum of peoples participation, transparency,
and accountability within the Panchayat system; Create and strengthen democratic local self-government
in areas where Panchayats do not exist; Strengthen the constitutionally mandated framework on which
Panchayats are founded. Currently, the scheme is proposed to be launched so that the Panchayati Raj
Institutions develop governance capabilities to deliver on the sustainable development goal
Green India Mission: National Mission for a Green India or the commonly called Green India Mission
(GIM) is outlined under India’s action plan for addressing the challenge of climate change -the National
Action Plan on Climate Change (NAPCC). It is aimed at protecting, restoring and enhancing India’s
diminishing forest cover and responding to climate change by a combination of adaptation and mitigation
measures.
The mission has the broad objective of both increasing the forest and tree cover by five million ha as
well as increasing the quality of the existing forest and tree cover in another 5 million ha of forest/nonforest lands in 10 years. The mission proposes a holistic view of greening and carbon sequestration targets,
multiple ecosystem services, especially, biodiversity, water, biomass, etc., along with provisioning services
like fuel, fodder, timber and non-timber forest produces. It will also increase options of forest-based
livelihood of households living in the fringe of those landscapes where the mission is implemented. This
will help in convergence with complementary schemes and programmes for better coordination in
developing forests and their fringe areas in a holistic and sustainable manner. This is an integrated crosssectoral approach as it will be implemented on both public as well as private lands with a key role of the
local communities in planning, decision-making, implementation and monitoring. Thus, the mission hinges
on decentralised participatory approach, involving grassroots level organisations and community in
planning, decision- making, implementation and monitoring with emphasis on landscape approach.
Compensatory Afforestation Fund Management and Planning Authority (CAMPA): The activities
identified shall be prepared in consultation with the Gram Sabha or any committee such as Van
SanrakshanSamiti (VSS)/ Village Forest Committee (VFC) or any such committee for management of
forest constituted by the Gram Sabha of the villages concerned where activities are proposed such as
establishment, upgradation and maintenance of nurseries, seed production areas (SPAs), seedling seed
orchards (SSOs), vegetative multiplication gardens (VMGs) and such other planting stock production
facilities; engagement of local labours to assist regular staff of SFDs in protection of forest and wildlife;
distribution of planting stock for promotion of tree outside forest on government lands; urban aesthetic
plantations in non-forest blanks in urban areas, natural regeneration; artificial regeneration (plantations);
plantations under afforestation programmes; silvicultural operations in forests; pest and disease control;
forest fire prevention and control operations; improvement of wildlife habitat as prescribed in the approved
wildlife management plan; planting and rejuvenation of forest cover in non-forest land falling in critical
wildlife corridors; establishment, operation and maintenance of animal rescuecentre, and veterinary
treatment facilities for wild animals, supply of wood and other forest produce saving devices asprescribed
by the national authority from time to time, natural regeneration, conservation and protection of forests,
infrastructure development, wildlife conservation and protection, protection and management of forests
and wildlife, regenerating natural forests and building up the institution engaged in this work.
National Afforestation Programme (NAP): It provides support, both in physical and capacity building
terms, to the Forest Development Agencies (FDAs) which in turn are the main organs to move forward
institutionalisation of Joint Forest Management. The FDA has been conceived and established as a
federation of Joint Forest Management Committees (JFMCs) at the Forest Division level to undertake
holistic development in the forestry sector with people’s participation. This is a paradigm shift from the
earlier afforestation programmes wherein funds were routed through the State governments. This
decentralised two-tier institutional structure (FDA and JFMC) allows greater participation of the
community, both in planning and implementation, to improve forests and livelihoods of the people living
in and around forest areas. The village is reckoned as a unit of planning and implementation and all
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activities under the programme are conceptualised at the village level. The two-tier approach, apart from
building capacities at the grassroots level, significantly empowers the local people to participate in the
decision-making process. Under Entry Point Activities, community assets are created with a ‘care and
share’ concept.
•

Ecological restoration of degraded forest areas and adjoining lands through systematic planning and
implementation, in a cost-effective manner.

•

Restore through natural regeneration or appropriate intervention for ecological security and to meet
the fuelwood, fodder and other needs of the rural communities.

•

Restore fuelwood, fodder, timber and other forest produce on the degraded forest and adjoining lands
in order to meet the demands for these items.

•

Sponsor new and proper technologies for the regeneration and development of degraded forest areas
and adjoining lands.

•

Create general awareness and help foster people’s movement for promoting afforestation and ecodevelopment with the assistance of voluntary agencies, non-governmental organisations, Panchayati
Raj Institutions and others, and promote participatory and sustainable management of degraded forest
areas and adjoining lands.

National Water Mission: This is one of the eight national missions under the National Action Plan on
Climate Change. The main objectives of NWM are conservation of water, minimising wastage and ensuring
its more equitable distribution both across and within States through integrated water resources development
and management. NWM has five goals:
1. Comprehensive water data base in public domain and assessment of the impact of climate change on
water resource.
2. Promotion of citizen and State actions for water conservation, augmentation and preservation.
3. Focused attention to vulnerable areas including over-exploited areas.
4. Increasing water use efficiency by 20 per cent.
5. Promotion of basin level integrated water resources management.
Watershed Development: Government is committed to accord high priority to water conservation and
its management. To this effect, Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) has been formulated
with the vision of extending the coverage of irrigation (Har Khetko Pani) and improving water use efficiency
(More crop per drop) in a focused manner with end to end solution on source creation, distribution,
management, field application and extension activities. PMKSY has been formulated by amalgamating
ongoing schemes, viz. Accelerated Irrigation Benefit Programme (AIBP) of the Ministry of Water
Resources, River Development & Ganga Rejuvenation (MoWR, RD&GR), Integrated Watershed
Management Programme (IWMP) of Department of Land Resources (DoLR) and the On-Farm Water
Management (OFWM) of Department of Agriculture and Cooperation (DAC).
Pradhan Mantri Krishi Sinchai Yojana (PMKSY): It has been formulated with the vision of extending
the coverage of irrigation (Har Khetko Pani) and improving water use efficiency (More crop per drop) in
a focused manner with end to end solution on source creation, distribution, management, field application
and extension activities. PMKSY has four components-1) AIBP/CADWM by MoWR, RD&GR, 2) Har
Khetko Pani by MoWR, RD&GR, 3) Watershed by Dept. of Land Resources, MoRD, 4) Per drop more
crop by Dept. of Agriculture & Cooperation, MoA&FW.
The major objectives of PMKSY are to achieve convergence of investments in irrigation at the field level,
expand cultivable area under assured irrigation, improve on-farm water use efficiency to reduce wastage
of water, enhance the adoption of precision-irrigation and other water saving technologies (More crop
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per drop), enhance recharge of aquifers and introduce sustainable water conservation practices by exploring
the feasibility of reusing treated municipal waste water for peri-urban agriculture and attract greater
private investment in precision irrigation system.
The scheme will be implemented by Ministries of Agriculture, Water Resources and Rural Development.
Ministry of Rural Development is to mainly undertake rainwater conservation, construction of farm pond,
water harvesting structures, small check dams and contour bunding, etc. MoWR, RD &GR, is to undertake
various measures for creation of assured irrigation source, construction of diversion canals, field channels,
water diversion/lift irrigation, including development of water distribution systems. Ministry of Agriculture
will promote efficient water conveyance and precision water application devices like drips, sprinklers,
pivots, rainguns (Jal Sinchan), in the farm, construction of microirrigation structures to supplement source
creation activities, extension activities for promotion of scientific moisture conservation and agronomic
measures.
Programme architecture of PMKSY will be to adopt a ‘decentralised State level planning and projectised
execution’ structure that will allow States to draw up their own irrigation development plans based on
District Irrigation Plan (DIP) and State Irrigation Plan (SIP). It will be operative as a convergence platform
for all water sector activities, including drinking water andsanitation, MGNREGA, application of science
andtechnology, etc., through comprehensive plan. State Level Sanctioning Committee (SLSC) chaired by
the Chief Secretary of the State will be vested with the authority to oversee its implementation and sanction
projects (http://pmksy.gov.in/AboutPMKSY.aspx).
The department-wise and scheme-wise particulars are provided in the table in the next page.
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Agriculture

Department

Rashtriya Krisi Vikas
Yojana [RKVY]

RKVY - RAFTAAR

National Food Security
Mission [NFSM] (Rice,
Wheat, Nutri-cereals,
Oilseeds & Pulses)

1.

2.

3.

Scheme

Infrastructure and assets- 50% of regular RKVY-RAFTAAR outlay- pre-harvest infrastructure20%, post-harvest infrastructure- 30%
Value addition linked production projects (agribusiness models) that provide assured/ additional
income to farmers including Public Private Partnership for Integrated Agriculture Development
(PPPIAD) projects- 30% (of 70%) of regular RKVY outlay.
Innovation and agri-entrepreneur development - 10% of annual outlay-for encouraging innovation
and agri-entrepreneurs through skill development and financial support.
Financial support to incubatees / individual youth / farmers/ FPOs with innovative ideas for
setting up of agri businesses that will benefit farmers- empowerment of small and medium Agri
entrepreneurs
Promotion of Farmer Producer Organisations (FPOs)
Value addition linked production projects (agribusiness models) that provide assured/ additional
income to farmers
Innovation and agri-entrepreneur development
Infrastructure / Assets
RKVY-RAFTAAR-flexi funds
Enhance crop productivity by restoring soil fertility at individual farm level; promotion of INM,
IPM, farm mechanisation and resource conservation technologies.
Increasing production of rice, wheat, pulses, coarse cereals (Maize and Barley) and Nutri-Cereals
through area expansion and productivity enhancement in a sustainable manner in the identified
districts of the country;
Restoring soil fertility and productivity at the individual farm level
Enhancing farm level economy (i.e. farm profits) to restore confidence amongst the farmers
During 2018-19 and 2019-20, NMOOP and Seed Village Programme are now a part of NFSM
and thus NFSM will have eight components viz. (i) NFSM- Rice; (ii) NFSM-Wheat; (iii) NFSM-
























Technical knowledge/ Capacity building
Agriculture convergence planning- resource pooling,
Promote farm mechanisation.
Support input subsidy.
Promote seed replacement.
Agriculture Infrastructure support
Agriculture marketing support
Agro-enterprise promotion support










Expected Benefits [Indicative]

Table 1 : Convergence Potentiality by Departments & Schemes

Agriculture Coordinator

Village Agriculture WorkerKisanmitra / Kisan
Salahkar

Block Agriculture Officer

Whom to contact
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Department

4.

Mission for Integrated
Development of
Horticulture (MIDH)

Scheme






















Promote holistic growth of horticultural sector by encouraging farmers group to improve income
and skill development for rural youth in post-harvest management.
Nurseries in the Public and Private sector can avail assistance to upgrade nursery infrastructure
to meet accreditation norms - 100% assistance
Estimated cost of vegetable seed production is Rs. 35,000 per ha for open pollinated crops and
Rs. 1.50 lakh per ha for hybrid vegetable seeds. Assistance will be provided @ 100% of total
cost to public sector. In thecase of Private sector, assistance will be 50% of cost as credit linked
back ended subsidy. Assistance will beavailable for a maximum area of 5 ha @ per beneficiary
Assistance will be provided for setting up of individual mushroom production, spawn production
and compost making units
Assistance for rejuvenating/replanting senile plantations will be @ 50% of the cost limited to 2
ha per beneficiary
For non MGNREGS beneficiaries, assistance @ 50% of cost will be provided including the cost
of plastic / RCClining, construction of farm ponds/tube wells/dug wells for individuals
Under INM component, subsidy can be avalied for use of liquid biofetilisers of N, P and K such
as Rhizobium/Azospirillum/Azotobactor, Phosphate Solubilising Bacteria (PSB) and Potash
Mobilizing Bacteria (KMB), to be applied in combination, in demonstration and other
programmes, for which total assistance will be limited to 50% of cost, or Rs. 300.00 per ha., for
a maximum area of four ha per beneficiary
For adopting organic farming for perennial and non perennial fruit crops, vegetables, aromatic
plants, spices etc., additional assistance will be given @ 50% of cost over and above the area
expansion programme for a maximum area of 4 ha per beneficiary, spread over a period of three
years
For organic cultivation ofvegetables, assistance will be limited to Rs. 10,000/- per ha spread
over a period of three years
Provide financial assistance for establishing vermi compost units and HDPE Vermibeds @ 50%
of cost subject to a maximum of Rs. 50,000/- per beneficiary fora unit having size of 30’ x 8’ x
2.5’
For HDPE Vermibedof 96 cft size (12’x4’x2’), the cost will be Rs. 16,000/ per bed and assistance
will be limited to 50% of cost.

Pulses; (iv) NFSM-Coarse Cereals (Maize, Barley), (v) NFSM-Sub Mission on Nutri Cereals;
(vi) NFSM-Commercial Crops; (vii) NFSMOilseeds and Oilpalm; and (viii) NFSM-Seed Village
Programme.

Expected Benefits [Indicative]

Whom to contact
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Department

5.

National Mission for
Sustainable Agriculture
(NMSA)

Scheme
A. Rainfed Area Development (RAD):
Under Integrated Farming System
1. Cropping System: 50% of input cost limited to Rs. 10,000/- per ha including land preparation,
seeds, fertilizer/manure, plant nutrients, plant protection chemicals and herbicides etc. For
Cropping system
2. Horticulture Based farming system: 50% of input costs limited to Rs. 25000/- per ha includes
land preparation, seeds, fertilizer/manure, plant nutrients, plant protection chemicals and
herbicides etc
3. Tree/SilviPastural/insitu/ex-situ conservation of Non Timber Forest Produce (NTFP):
50% of input costs limited to Rs. 15000/- per ha.
4. Livestock based farming system: 50% of input costs of cropping system including cost of
animals with one year concentrated food limited to Rs. 40,000/- per ha (2 milch animals+ 1
ha CS) for CB Cows+Mixedfarming+ Fodder Buffalo+Mixedfarming+Fodder Cow/
buffalo+dairy+ fodder Cow/buffalo+small ruminants
Small ruminant +Mixed farming+Pasture Poultry/ duckery+Mixed Farming Poultry/
duckery+Fishery+Mixed Farming 50% of input costs of cropping system and cost of animals/
birds with one year concentrated food limited to Rs. 25,000/- per ha(10 animals/50 birds +
1 ha CS).
5. Fishery based farming system 50% of input cost of cropping/vegetable system including
cost of fish farming limited to Rs. 25,000/- per ha.
Under Value addition and Farm development activities
6. Apiculture (Bee Keeping) 40% of input cost limited to Rs. 800/colony of 8 frames and Rs.
800 per hive. Limited to 50 colonies/hive per beneficiary.
7. Silage making for increased availability of green fodder round the year 100% assistance for
silage making unit consisting of Silo Pit Chaff Cutters and Weighing Balance limited to Rs.
1.25 lakh per farm family
8. Green house
(i) Naturally ventilated Tubular Structure 50% of input cost subject to a limit of: Rs.530/Sq.m
(up to area 500 Sq. m) Rs. 468/Sq.m (>500 Sq. m up to 1008 Sq. m) Rs. 445/Sq. m (>1008
Sq. m up to 2080 Sq. m) Rs. 422/Sq. m (>2080 Sq. m up to 4000 Sq.m) Above rate will be
15% higher for hilly areas. Limited to 4000 sq.m per beneficiary.
(ii) Naturally ventilated wooden Structure Rs. 270/- per sq.m and Rs. 311/- per sq.m for hilly
areas. Limited to 20 units (each unit not to exceed 200 sq.m) per beneficiary
(iii) Naturally ventilated bamboo Structure Rs. 225/- per sq.mand Rs. 259/- per sq.m for hilly
areas. Limited to 20 units (each unit not to exceed 200 sq.m) per beneficiary
(iv) Plastic Tunnels Rs. 30/- per sq.m and Rs. 37.50 per sq.m for hilly areas Limited to 1000
sq.m per beneficiary

Expected Benefits [Indicative]

Agriculture Coordinator

Village Agriculture WorkerKisanmitra / Kisan
Salahkar

Block Agriculture Officer

Whom to contact
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Scheme
Water Harvesting and Management
Water harvesting – system for individuals - 50% of cost (Construction cost - Rs. 125 for
plain/ Rs. 150 for hilly areas) limited to Rs. 75,000 for plain areas and Rs. 90,000 for hilly
areas including lining. For smaller size of the ponds/ dugwells, cost admissible on pro rata
basis. Cost for non-lined ponds/tanks will be 30% less. The families who are eligible for
individual beneficiary oriented works under MGNREGS should preferably be given the
labour component through MGNREGS and the material component through NMSA.
(ii) Lining of tanks/ponds constructed under MNREGA/WSDP etc. - 50% (cost of plastic/RCC
lining limited to Rs. 25,000 per pond/ tank/well. Maintenance is to be ensured by the
beneficiary
(iii) Water harvesting system for communities - 100% of cost limited to Rs. 20 lakh /unit in
plain areas, Rs. 25 lakh/unit in hilly areas) for 10 ha of command area or any other smaller
size on pro rata basis depending upon the command areas, owned & managed by a
community/farmers group. Cost for non-lined ponds/tanks will be 30% less. Assistance under
NMSA will be restricted to the cost of plastic/RCC lining for MNREGS beneficiaries.
Minimum command area shall be at least 10 ha for such projects and operation and
management of assets will be preferably through Water Users Association (WUA).
(iv) Construction of Tube wells/ Bore wells (Shallow/Medium ) - 50% of the total cost of
installation limited to Rs. 25,000/- per unit only in areas which are not categorized under
overexploited, critical &semicritical zones by Central Ground Water Board.
(v) Restoration/Renovation of small tank - 50% of the cost of renovation limited to Rs. 15,000/
- per unit
(vi) Recharge of defunct bore well- 50% of the cost of recharging limited to Rs. 5000/- per unit
(vii) Pipe/pre-cast distribution system - 50% of the cost of system limited to Rs. 10,000/- per ha.
(viii) Water Lifting Devices (Electric, Diesel, wind/ Solar) - 50% of the cost of installation
limited to Rs. 15,000/- per electric/ diesel unit and Rs. 50,000/- per solar/ wind unit.
10. Last Mile connectivity: 50% of the cost of installation & transmission system from the
nearest source limited to Rs. 1.25 lakh per unit. The implementation agency should be the
user group and to be responsible for its maintenance and security.
11. Resource Conservation: for In-situ moistureconservation: landleveling, field
bunding,mulching, broad bedand furrow system,ridge and furrowmethod, saucer basins/
semi circular bunds,compartmental bunding,tied ridges- 50% of cost limited to Rs.4,000/per ha.
Vegetative nitrogen fixing hedge/mixed use
protective fencing/ critical barriers contour/ graded / staggered bunding/ trenching 50% of cost subject to alimit of Rs. 5000/- per ha to individual and 90% ofcost in case of
commonland proposed in projectmode with other activities.

9.
(i)

Expected Benefits [Indicative]
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Department

6.

Kissan credit card

Scheme







Short-term credit limits for crops, and term loans.
Credit holders arecovered under personal accident insurance up to 50,000 for death and permanent
disability, and up to 25,000 for other risk.
The premium is borne by both the bank and borrower in a 2:1 ratio.
The credit in two types 1. Cash Credit 2. Term Credit ( for allied activities such as pump sets,
land development, plantation, drip irrigations).

D.

ii.

C.
i.

B.

16.

15.

14.

13.

12.

Spill ways (Drop, Chute, Spur, Retaining wall) 50% of the cost subject toa limit of
Rs. 40,000/- perstructure in case of individual and 100% incase of common landproposed
in project modewith other activities.
Vermi compost – Units/organic input production unit, green manuring 50% of cost
subjectto a limit of Rs. 125/- per cubic ft. Maximum permissible assistance shall be
Rs. 50,000/- perunit for permanent structure and Rs. 8,000/- per unit for HDPE vermi bed.
Post harvest& Storage/value addition of NTFP - 50% of capital cost subject to a limit of
Rs. 4000/- per square meter of storage/processing unit. Maximum permissible assistance
shall be restricted to Rs. 2.0 lakh per unit.
Formation of Farmer Producers Organizations (FPOs) and their training As per policy
& process guidelines for FPOs issued by SFAC, DAC, Ministry of Agriculture. (Up to 2%
of project cost)
Reclamation of Problem soil for Alkali/saline Soil 50% of cost subject to a limit of
Rs. 25,000/- per ha and/or Rs. 50,000/- per beneficiary and For Acid Soil 50% of cost subject
to a limit of Rs. 3,000/- per ha and/or Rs. 6,000/- per beneficiary
Concept of Integrated Farming, Climate change adaptation, Good agriculture practices
on soil, water and crop management Rs. 10,000/- per training session for 20 participants
or more. Rs. 20,000/- per demonstration for a group of 50 participants or more.
On Farm Water Management (OFWM): Promotingappropriate technological interventions
like drip & sprinkler technologies, efficient water application & distribution system,
secondary storage and drainage development.
Soil Health Management (SHM)
Setting up of mechanized Fruit/ Vegetable market waste/Agro waste compost production
unit - 100% Assistance to State Govt./Govt. Agencies upto a maximum limit of Rs. 190.00
lakh/unit and 33% of cost limited to Rs. 63 lakh/unit for individuals/private agencies through
NABARD as capital investment for 3000 TPA production capacity
Promotion of Organic Inputs on farmer’s field (Manure, Vermicompost, Bio-Fertilizers
Liquid/ solid, Waste compost, Herbal extracts etc.) - 50% of cost subject to a limit of Rs.
5000/- per ha and Rs. 10,000 per beneficiary. Propose to cover 1 million ha area.
Climate Change and Sustainable Agriculture: Monitoring, Modeling and Networking
(CCSAMMN): Rs. 10 crore/Block (Rs. 3.0 crore for facilitation and Rs. 7.0 crore for
innovative and gap filling activities)

Expected Benefits [Indicative]

Banks

Whom to contact
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10. National Project on
Organic Farming

Kisan Urja
Surakshaevam Utthaan
Mahabhiyan (KUSUM)
Scheme

Paramparagat Krishi
Vikas Yojna (PKVY)

8.

9.

Pradhan Mantri Fasal
Bima Yojana (PMBFY)
(crop-insurance scheme)

7.

Scheme

Promote natural resource based integrated and climate resilient sustainable farming systems
that ensure mainenance and increase od soil fertility, natural resource conservation, on-farm
nutrient recycling and minimize dependance of farmers on external inputs.
Reduce cost of agriculture to farmers through sustainable integrated organic farming systems
thereby enhancing farmer’s net income per unit of land.
Sustainably produce chemical free and nutritious food for human consumtion.
Protect environment from hazardous inorganic chemicals by adoption of ecofriendly low cost
traditional techiques and farmer friendly technologies.
Empower farmers through their own institutional development in the form of clusters and group
with capacity to manage production, processing, value addition and certification management.
Make farmers entrepreneurs through direct market linkages with local and national markets.
Installation of grid-connected solar power plants each of Capacity up to 2 MW in the rural
areas;
Installation of standalone off-grid solar water pumps to fulfil irrigation needs of farmers not
connected to grid;
Solarisation of existing grid-connected agriculture pumps to make farmers independent of grid
supply and also enable them to sell surplus solar power generated to DISCOM and get extra
income.
Strengthening and up-gradation of NPOF in respect of Buildings, staff and equipments
Promotion of Organic Farming through low cost certification system known as “Participatory
Guarantee System”.
Support and encourage production and use of organic inputs for nutrient mobilization and plant
protection through Capital Investment Subsidy for setting up of Commercial input Production
units






























Providing financial support to farmers suffering crop loss/damage arising out of unforeseen
events
Stabilising the income of farmers to ensure their continuance in farming
Encouraging farmers to adopt innovative and modern agricultural practices
Ensuring flow of credit to the agriculture sector; to food security, crop diversification and
enhancing growth and competitiveness of agriculture sector besides protecting farmers from
production risks.
Weather Based Crop Insurance Scheme
Unified Package Insurance Scheme
National Agricultural Insurance Scheme (Nais) (Rashtriya Krishi Bima Yojana-RKBY)



Expected Benefits [Indicative]

Whom to contact
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Animal
Husbandry

Horticulture

Department

Rashtriya Gokul Mission
(RGM)

Mission for Integrated
Development of
Horticulture (MIDH)

2.

1.

National Horticulture
Mission [NHM]

1.

11. Mahila Kisan
Sashaktikaran
Pariyojanav (MKSP)

Scheme

Technical knowledge
Horticulture plan
Capacity building of farmers
Services & resources
Monitoring.
Support input subsidy.
Agro-enterprise promotion
Promote holistic growth of horticultural sector by encouraging farmers group to improve income
and skill development for rural youth in post-harvest management.
Development and conservation of indigenous breeds;
Breed improvement programme for indigenous breeds so as to improve the geneticmakeup and
increase the stock;
Enhancing milk production and productivity of bovine population by increasingdisease free
high genetic merit female population and check on spread of diseases ;




















Enhance the productive participation of women in agriculture;
Create sustainable agricultural livelihood opportunities for women in agriculture;
Improve the skills and capabilities of women in agriculture to support farm and non-farm-based
activities;
Ensure food and nutrition security at the household and the community level;
Enable women to have better access to inputs and services of the government and other agencies;
Enhance the managerial capacities of women in agriculture for better management of biodiversity;
Improve the capacities of women in agriculture to access the resources of other institutions and
schemes.





(i) Fruits & Vegetables Waste/agro-waste Compost Production Units (100 TPD capacity) :
For establishment of large mechanized compost plants by APMCs/ Municipalities/other public
sector enterprises/fertilizer companies/private industry/private entrepreneurs etc for fruits and
vegetables market waste/ agro waste compost units under PPP or otherwise mode. Assistance
will be provided in the form of capital investment subsidy @ 33% of TFO or Rs. 60 lakh whichever
is less.
(ii) Biofertiliser and/or Biopesticide production Units : For establishment of state of the art
sterile liquid/ carrier based 200 TPA biofertilizers and microbial biopesticides production units
under public or private sector. Assistance up to 25% of TFO or Rs. 40 lakh whichever is less,
will be available as credit linked back ended subsidy through NABARD.

Expected Benefits [Indicative]

Dy. Director, Animal
husbandry at District &
veterinary doctor, at block
level;

District horticulture officer

Whom to contact
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Fishery

Department

Development of Inland
Fisheries and Aquaculture

(b) Grasslands Development
including Grass
Reserves.

National Kamdhenu
Breeding Centre
(NKBC)
3. National livestock
mission
(a) Assistance to Fodder
BlockMaking Units

2.

Scheme

Funding for Construction of sheds & calf pens
Promote conservation of fodder by converting crop residues into fodder blocks through the use
of modern technologies, bailing machines etc. into fodder blocks - Central Government will
provide subsidy @ Rs. 42.50 lakhs per unit or 50% of the cost of straw/ Bagasse based fodder
block making units, whichever is lower.
The degraded grasslands will be improved by introducing suitable grass, legumes and fodder
trees (by silvi-pasture etc). Individual farmers can take up perennial Fodder crops cultivation in
their fields – 100% 100 % Central assistance
Training to unemployed educated youths
Strengthening milk production infrastructure
Promote poultry & goatary
Livestock Insurance
Dy. Director, Animal husbandry at District & veterinary doctor, at block
level;
Construction of new ponds: Rs 2.00 lakh/ha in the plain areas. Subsidy @ 20% with a ceiling of
Rs. 40,000/ha for all farmers except SC’s/ST’s for whom it will be Rs 50, 000/ha (25%); Rs 3.0
lakh/ha in the hill tates/Districts and North-Eastern region. Subsidy @ 20% with a ceiling of Rs
60,000/ha for all farmers except SC’s/ST’s for whom it will be Rs 75, 000/ha (25%).
Reclamation/Renovation of ponds/tanks: Rs 60,000/ha. Subsidy @ 20% with a ceiling of Rs 12,
000/ha for all farmers except SC’s/ST’s for whom it will be Rs 15,000/ha (25%).
Cost of inputs: a) Finfish Culture - Rs 30,000/ha Subsidy @ 20% with a ceiling of Rs 6,000/ha
for all farmers except SC’s/ST’s for whom it will be Rs 7,500/ha (25%) b) Freshwater prawn
culture - Unit cost Rs 1.20 lakh per ha. Subsidy @ 20% with a ceiling of Rs 24,000/- per ha
Running Water fish culture in hilly areas as well as in plain areas: Rs 20,000/unit of 100 sq.
meters. The above cost is inclusive of Rs 4,000 towards inputs. Subsidy @ 20% with a ceiling of
Rs 4,000/- unit for all farmers except SC’s/ST’s for whom it will be Rs 5,000/unit (25%). Ceiling
of 3 units for each farmer in terms of admissibility of grant.
Integrated Fish Farming: Rs 80, 000/ha. Subsidy @ 20% with a ceiling of Rs 16, 000/ha for all
farmers except SC’s/ST’s for whom it will be Rs 20,000/ha (25%).























Upgrading nondescript cattle using elite indigenous breeds
Distribution of disease free high genetic merit bulls for natural service;
Bring all breedable females under organised breeding through Artificial Insemination AI or
naturalservice using germ plasm of high genetic merits;
Arrange quality (AI) services at farmers’ doorstep;





Expected Benefits [Indicative]

District fishery officer

CEO/Director State
Livestock Development
Board

State Department of Forest
and Department of Animal
Husbandry & Agriculture

Fodder block making units
under Public or Private
entrepreneurship.
However, funds will be
released through state Govts
concerned.

Pashu-sakhi (NRLM) at
village level

Whom to contact
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National Rural Livelihoods
Mission

MGNREGA
GPDP
DPAP
BRGF/GGY
Special Area
Development
Programme
#- #- farm ponds, farm
levelling, farm fencinglabour, de-silting water
bodies, poultry shed etc.

Panchayati Raj

1.
2.
3.
4.
5.

Scheme

Department

Water conservation and water harvesting, Drought proofing, including afforestation and tree
plantation, irrigation canals including micro and minor irrigation works, Irrigation facilities for
land owned by households belonging to SC/ST or to land of beneficiaries under the Indira Awas
Yojana, Renovation of traditional water bodies, including desilting of tanks, Land development,
Rural connectivity to provide all-weather Roads.
Contour trenching, contour bunding, farm bunding, farm ponds, horticulture plantations,
enhancing irrigation facilities through dug-wells, renovation of traditional water bodies, desilting
of tanks, etc
Creating employment-minimum of 100 days
Crating usable infrastructure/asset base
Credit support to SHGs for enterprise
Training of SHGs
Infrastructure development in schedule 5th areas for education promotion
Provide technical and professional support
Promoting social mobilisation and inclusion, community institution building, capacity building,
financial literacy and inclusion including SHG credit linkage and insurance, livelihood promotion,
redemption of entitlements, convergence with other programmes, and monitoring and evaluation
of the mission activities.






















Aerators/Pumps: Rs. 50, 000/unit of two-1hp aerators/one 5hp diesel pump. Subsidy @ 25%
with a ceiling of Rs. 12,500/- for each set of aerators/pump for all categories of farmers who
have reached a level of production of 3000 kg/ha/year. Maximum of two-1hp aerators/one 5hp
diesel pump for one-hectare water area will be admissible.
Freshwater Fish Seed Hatchery: Rs 8 lakh for a fish seed hatchery with 10 million (fry) capacity
for the plain areas and Rs 12 lakh for same capacity in the hill States/Districts and NE Region.
Subsidy @ 10% with a ceiling of Rs 80,000/- and Rs 1.20 lakh in the plain and hilly areas
respectively to entrepreneurs only.
Fish Feed Units: Small Units - Unit cost is Rs 5 lakh with a capacity of 1.2 quintals/day. The
subsidy would be @ 20% with a ceiling of Rs 1 lakh per unit to entrepreneurs.
Establishment of freshwater prawn seed hatchery: i) Unit cost is Rs. 30 lakh for a large freshwater
prawn hatchery with a minimum capacity of 25 million PL/year. This would be one time grant to
the States for establishment of hatchery at State level. (ii) Unit cost is Rs 8 lakh for a small
hatchery of 5-10 million PL/Year capacity. Subsidy @ 20% with a ceiling of Rs 1.60 lakh to
entrepreneurs as one time grant.
Setting up of integrated units, including hatcheries for ornamental fishes: Unit cost is Rs 15
lakh, which includes hatchery of 5-10 million (fry) capacity. Subsidy @ 10% with a maximum
ceiling of Rs 1.50 lakh to all categories of fish farmers.



Expected Benefits [Indicative]

Village Revenue Officer

Block Revenue Officer

Whom to contact
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Forest and
Environment

Department

2.

1.

Grafters / Gardeners
training
Bamboo sector
infrastructure development

SaansadAdarsh Gram Yojana
(SAGY)

Rashtriya Gram
SwarajAbhiyan (RGSA)

Scheme

Trigger processes which lead to holistic development of the identified Gram Panchayats
Substantially improve the standard of living and quality of life of all sections of the population
through –
improved basic amenities
higher productivity
enhanced human development
better livelihood opportunities
reduced disparities
access to rights and entitlements
wider social mobilization
enriched social capital
Generate models of local level development and effective local governance which can motivate
and inspire neighbouring Gram Panchayats to learn and adapt
Nurture the identified Adarsh Grams as schools of local development to train other Gram
Panchayats










a.
b.
c.
d.
e.
f.
g.
h.




Self-employment training on grafting & gardening
Infrastructure for forest resource based crafts.
Decentralised nursery raising through SHGs

Capacity building for strengthening Panchayati Raj
Development of institutional capability for training
Implementation of PESA
E- governance support structures
Train and assist the Gram Panchayats who get elected across the country so that they can perform
their work efficiently at the basic level.
Help the Panchayati Raj Institutions to deliver more sustainable goals and speed up the overall
growth of development in rural areas.









Capacity building and training programmes to strengthen
Promote participatory micro level planning for convergent poverty reduction.
Partnership and collaboration with other public and private institutions, banks, insurance
companies, universities and other academic institutions, agencies, CSOs, N.G.Os, Community
Based Organisations (CBOs) and other bodies of repute, both national and international.
Collect information on and document best national and international practices, models and
innovations in social mobilisation, financial inclusion, vulnerability reduction, livelihood
promotion and public private partnerships and promote their replication.





Expected Benefits [Indicative]

Forest Beat Officer

Forest Section Officer

Forest Range Officer

Whom to contact
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Health &
Family Welfare

Education

Department

AYUSHMAN Bharat- ecard (hospital subsidy)
National Rural Health
Mission
National programmes on
malaria, Filaria
Tuberculosis, Goitre

1.

3.

2.

SSA
DPEP

National Afforestation
Programme (NAP)

6.

1.
2.

Compensatory
Afforestation Fund
Management and
Planning Authority
(CAMPA)

Nursery raising as
enterprise
Green India Mission
(Sub mission on
Agroforestry)

5.

4.

3.

Scheme



















Training/awareness
Medicines free of cost
Health infrastructure
TB and malaria eradication
Family planning measures

Pre and post 10th scholarship
Girl child enrolment and education
Vocational trainings

Establishment, up-gradation and maintenance of nurseries, seed production areas (SPAs), seedling
seed orchards (SSOs), vegetative multiplication gardens (VMGs) and such other planting stock
production facilities; engagement of local labors to assist regular staff of SFDs in protection of
forest and wildlife; distribution of planting stock for promotion of tree outside forest on
government lands; natural regeneration; artificial regeneration (plantations); plantations under
afforestation Programmes; silvicultural operations in forests; pest and disease control;
improvement of wildlife habitat; planting and rejuvenation of forest cover in non-forest land
falling in critical wildlife corridors, natural regeneration, conservation and protection of forests,
infrastructure development, building up the institution engaged in this work.
Ecological restoration of degraded forest areas and adjoining lands through systematic planning
and implementation, in a cost effective manner;
Restore through natural regeneration or appropriate intervention for ecological security and to
meet the fuelwood, fodder and other needs of the rural communities;
Restore fuelwood, fodder, timber and other forest produce on the degraded forest and adjoining
lands in order to meet the demands for these items;
Sponsor new and proper technologies for the regeneration and development of degraded forest
areas and adjoining lands;
Create general awareness and help foster people’s movement for promoting afforestation and
eco-development with the assistance of voluntary agencies, non-government organisations,
Panchayati Raj institutions and others and promote participatory and sustainable management of
degraded forest areas and adjoining lands;





Improvement in forest and tree cover on marginal agricultural lands/fallows and other non-forest
lands under agro-forestry / social forestry. This will enhance eco-system services like carbon
sequestration and storage, hydrological services and biodiversity; along with provisioning services
like fuel, fodder, and timber and non-timber forest produces andEnhanced annual CO2
sequestration.



Expected Benefits [Indicative]

Block Education Officer/
District Education Officer

Whom to contact
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Handloom /
Handicraft&
cottage
industries
including
textile

ST/SC Welfare

Social Welfare
[Women &
Child
Development]

Department

5.
6.

4.

3.

2.

1.

4.

3.

2.

1.

7.

6.

4.
5.

3.

2.

1.

Construction of
showroom and godowns
for coir cooperatives
Welfare of the salt
workers
Cluster development
programme
Promotion of craft
village,
State level exhibitions,
Export support scheme.

Pre matric and post
matric scholarship
Supply of reading
materials
Legal aid to atrocity
victims
Coaching for civil
services

National Old Age
Pension
National Family Benefit
Scheme
National Maternity
Benefit Scheme
ICDS
Supplementary Nutrition
Programme
Midday Meal
Programme
Nutrition for Adolescent
Girls

Scheme


























Development of handloom, handicraft andcoir clusters
Development of natural fibre clusters
Training on handloom and handicraft
Training to coir artisans
Handloom and handicraft design promotion
Market infrastructure

Pre and post 10th scholarship
IEC on tribal welfare programmes
Educational training/coaching
Financial support
Legal advisory and support
Vocational training
Infrastructure for ST/SC students
SHG enterprise support

Training and rehabilitation of physically challenged
Training of women
SHG promotion
Capital fund support to SHGs
Girl child education
Food grain support Annapurna
Monthly pension
ICDS for women and child health and nutrition

Expected Benefits [Indicative]
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Ministry of
Water
Resources,
River
Development
and Ganga
Rejuvenation

It is strengthen and build mass support as well as create awareness amongst the rural youth.
Providing trainings on new technology, on the job training, soft skills, spoken English and basic
computers, with a minimum placement of 70% of all trainees, with a minimum recommended
monthly salary of Rs. 6,000/-. The benefits being provided by DDU-GKY are free training, free
uniform, free course material, free lodging and board in case of residential programs,
reimbursements of expenses in non-residential programs, post placement salary top-ups every
month for 2-6 months depending on location of placement and.
Development of field channels and field drains
Enforcement of a proper system of Warabandi and fair distribution of water to the fields;
realignment of field boundaries wherever necessary (if possible, consolidation of holding);
Supply of all inputs and services including credit; strengthening of extension services; and,
encouraging farmers for participatory irrigation management (PIM).
Selection and introduction of suitable cropping pattern.
Development of groundwater to supplement surface irrigation.
Modernization, maintenance and efficient operation of the irrigation system upto the outlet of
one-cusec capacity (irrigation sector).
Correction of System Deficiencies
Desilting of Tanks in CAD Commands for augmenting supplies
Bio-Drainage (selective areas).
In situ soil and moisture conservation measures like terracing, bunding, trenching, vegetative
barriers and drainage line treatment.
Planting and sowing of multi-purpose trees, shrubs, grasses, legumes and pasture land development
Promotion of agro-forestry & horticulture
Development of small water Harvesting Structures.








DDU-GKY

PMKSY & Command Area
Development and Water
Management (CAD&WM)

Watershed Development














Weather information to farmers
Market information to farmers
Vocational training of youths
Promotion of self-employment






Smart Panchayat
National e-Governance
project [CSC]

1.
2.

Science &
Technology

2.
3.

Operation and maintenance of tube wells
Pipe water supply to the villages
Awareness on sanitation

Accelerated rural water
supplyprogramme
Rural pipe water supply
Rural sanitation
programme

1.

Rural water
supply &
sanitation

Expected Benefits [Indicative]




Scheme

Department

Block Development Officer

Village Revenue Officer

Whom to contact
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National Water Mission

Scheme

Empowerment and involvement of Panchayati Raj institutions, urban local bodies, Water User
Associations and primary stake holders in management of water resources with focus on water
conservation, augmentation and preservation.
Promotion of micro irrigation techniques such as sprinkler and drip irrigation
Promote Participatory Irrigation Management (PIM)
Sensitization of elected representatives of over exploited areas of dimensions of the problems
and to orient investment towards water conservation
Proovide incentives for water neutral and water positive technologies in industry
Encourage participation of NGOs in various activities related to water resources management,
particularly in planning, capacity building and mass awareness
Involve and encourage corporate sector / industries to take up, support and promote water
conservation, augmentation and preservation within the industry and as part of corporoate social
responsibility.
Promotion of traditional system of water conservation;
Physical sustainability of groundwater resources;
Intensive programme for ground water recharge in over-exploited, critical and semi-critical areas;
Conservation and preservation of wetland;
Intensive programme for addressing the quality aspects of drinking water particularly in rural
area;
Promotion of water purification and desalination; and
Systematic approach for coping with floods
Incentivize recycling of water including wastewater;
Development of Eco-friendly sanitation system;
Improve efficiency of urban water supply system;
Efficiency labeling of water appliances and fixtures;
Promotion of water efficient techniques and technologies






























Accelerated Irrigation Benefit Programme (AIBP)/ Command Area Development and Water
Management (CADWM) by MoWR,RD&GR,
HarKhetkoPani by MoWR,RD&GR,
Watershed by Dept. of Land Resources, MoRD,
Per drop more crop by Dept. of Agriculture & Cooperation, MoA&FW



Expected Benefits [Indicative]

Whom to contact

Operational Manual on
Sustainable Livelihoods and Adaptations to
Climate Change (SLACC)
- Basavaraj Patil, Shrikant V. Mukate, V. Suresh Babu and K. Krishna Reddy
The SLACC Project is being implemented in Madhya Pradesh and Bihar under National Rural Livelihoods
Mission (NRLM) of Ministry of Rural Development (MoRD), Government of India. National Rural
Livelihood Promotion Society (NRLPS) is the coordinating agency under MoRD, whereas State Rural
Livelihoods Missions of Madhya Pradesh and Bihar are the implementing agencies. The SLACC project
is funded by the GEF-administered Special Climate Change Fund. The project has been implemented in
200 villages of Madhya Pradesh (Mandla & Sheopur districts) & Bihar (Gaya & Madhubani districts)
States. In each districts 2 blocks have been covered.
The SLACC project specifically addressing the large scale proof-of-concept on integrating communitybased climate adaptation planning and implementation into livelihood support activities of the NRLM/
NRLP, MKSP and MGNREGS. The project is covering drought- and flood-prone areas and the agriculture
sector at the core of the SLACC project. It is addressing all aspects of farm-based livelihoods that may be
affected by climate change by helping the community choose interventions for the: production system
such as participatory selection of climate-resilient varieties/breeds; ecological system such as tree-based
farming or soil moisture conservation; knowledge system such as local weather-based agro-advisories,
and financial system such as weather based insurance.
It is proposed to train 200 CRPS and 100 NRPs under the project. They are expected to disseminate the
knowledge acquired through training. In order to achieve the desired objectives of the CRPs, they are
expected to build the rapport with the line department officials, understand the village dynamics at their
work place, understand the climatic conditions of the workplace and its relation with the existing agricultural
practices by collecting necessary data (as per the annexure -1).
The SRLM consultant is expected to allocate the cluster of villages to each CRP as their workplace.
Consequent on assigning the workplace to CRPs, the SRLM Consultant need to organize an interface
workshop to get to know the line department officials and SRLM mission staff in their concern districts.
STEP – I: The CRP should visit the village and conduct a transect walk to know about the village locations
and important households and other location details.
STEP – II : CRP need to interact with the village heads, panchayat officials (President, ward members
and other staff), Village Organisations, SHGs, etc.
STEP – III : CRPs will collect necessary basic information about the village, farmers (including total
number of farmers, their farm size, percent of small, marginal farmers, medium and large farmers), soil
type, major crops cultivated and major cropping system, Package of Practices (POP) adopted, major pest
and diseases encountered, source of irrigation, etc.
STEP – IV : Consequent upon understanding the village profile, CRP may carry out the CCAP for each
village. Documentation of CCAP need to be conducted as detailed in the training manual.
STEP – V : CRP may encourage the farming community to adopt to the alternative adaptive strategies.
The alternative strategies can be mapped through CCAP for implementation. The basket of technological
interventions from soil health management to alternative livelihoods are detailed in the training manual.
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Module 1: Background about the Climate Change
Description of the session
It will broadly cover the basic concepts used in climate change. This will aims to introduce the participants
to the climate change concept, meaning and causes of climate change, overview of local climate scenarios,
Greenhouse effect & Global warming, etc.
Learning objectives
At the end of the session, the participants will be able to:
•

To know the difference between climate and weather

•

To identify the climatic variabilities

•

To know the different climatic factors

•

What are greenhouse gases?

•

How global warming is affecting the livelihoods

•

National and International scenarios of climate change

•

Impacts of climate change on agriculture, livestock, livelihoods, gender risks, etc.

Trainers’ note
The first technical session should be conducted to provide a conceptual clarity about the subject. Rather
than rote-learning of the concepts, the trainer should aim for an understanding of each of the concepts
covered. The explanation should be buttressed with as much of pictorial and visual aids as possible. It is
crucial that the trainees have clarity in understanding the concepts, as these will guide all subsequent
discussions (Refer Module 1).

Module 4: Climate Change Adaptation Planning (CCAP) Tool
Description of the session
The toolkit applies a multidimensional view of the vulnerability of livelihood strategies to climate change,
with a focus on different groups within a community (often determined according to socio - economic
class). It includes step by step instructions on how to implement participatory tools that are adapted to
answer the following questions: What are the main livelihoods of the community? What are the community
perceptions of their main climate risks to their livelihoods? What are the typical responses of the community
to the climate risks identified? What could be No/Low regret responses, in terms of production,
technological, financial and ecological aspects?
Objective
To identify the impacts of climate change and mainstreaming the adaptation strategies to overcome them
to ensure sustainable livelihoods of socio-economically weaker communities depending on agriculture
and allied sectors.


Enabling weaker/marginal societies to enhance their resilience to manage the climate risks



Developing a knowledge base for managing existing and emerging climate related risks to farm based
livelihoods



Designing village level adaptation strategies to overcome the climate change

Trainers’ note
•

For Pre – Field work, two persons; the concerned CRP of the village and YP.

•

For the field work in one village, it is suggested that Four (4) facilitators are required for conducting
CCAP in one village. One (1) supervisor, two (2) facilitators and one (1) mobiliser
(Refer Module 4).
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Module 5: Zero tillage
Description of the session
This will help to develop a clear concept about how zero tillage can reduce or aggravate the release of
GHGs and how it can be used for enhancing the productivity of crop with soil resilience, sustainable
production with clean environment. It will also focus on difference between the zero tillage and
conventional system of tillage. In addition to that it will insights on the zero tillage benefits including soil
moisture conservation, check on soil erosion, soil aeration, reduced loss of nitrogen content, etc.,
Objectives
To give an idea of Zero tillage, Zero tillage equipment and its operational & maintenance.
Trainers’ note
Trainer should explain the farmers about concept of zero tillage and its advantage to combat the impact of
climate change. The explanations should focus on different zero tillage equipments, its parts, operation
and maintenance of the equipment. Operational issues, maintenance procedure, community capacity
building issues are to be discussed thoroughly (Refer Module 5).

Module 6: Soil Health Management
Description of the session
This module emphasizes a focus on different components that will help to improve the soil quality and to
reduce the erosion of soil. There are several factors that should be considered to improve the soil quality
which includes, soil organic carbon, soil micro-flora, water and nutrient holding capacity of soil, etc,.
Trainer should discuss all these components in detail. First of all it is very important to know the status of
soil components present in soil, for that purpose it is immensely important to know about soil sample
collection, laboratory analysis and interpretation of soil health card in details. Finally, soil health
management interventions will be shared with proper case studies for the better understating of soil health
management.
Objectives
To enlighten farmers on importance of soil testing and educating farmers on procedure & methodology of
soil sampling and storage of soil sampling and to know how to enhance and maintain the fertility and
productivity of soil.
Trainers’ note
The trainer need to demonstrate the procedure of soil sample collection, processing, precautions to be
taken, storing and sending it for analysis. He should explain how to interpret the soil health card based on
soil test report. The explanation on soil health management should include, preparation of different
organic manures, use of biofertilizers, methods of application of biofertilizers in different crops, crop
residue management and preparation of different organic formulations (Refer Module 6).

Module 7: Seed Selection and Treatment
Description of the session
This module helps farmers to get insights on identification of good quality of seeds, characteristics of
good quality seeds, what precautions should be taken while selecting seeds, how to replace the seeds,
what are the different types of seeds, what is a seed bank and how to start a seed bank. How to treat seeds
to store for longer durations.
Objectives
To have knowledge on identifying good quality seeds, priming of seeds and seed treatment procedures.
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Trainers’ note
The trainer should explain the importance of selecting good seeds for sowing, importance of priming and
seed treatments to have good seed germination. He should demonstrate on seed priming procedure, seed
treatment of different crops (Refer Module 7).

Module 8: System of Root Intensification (SRI) in Paddy
Description of the session
SRI stands for to System of Root Intensification which refers to efficient management of crop and soil.
The effect of climate change is being seen in agriculture. Farmers in both the area whether flood prone or
draught prone have started experiencing the effect of climate change. The non-uniform distribution of
rainfall, variations in temperature and delay in monsoon have affected the cultivation of paddy crop
significantly. Under growing population and the climate variability, SRI and its principles is a way forward
to feed the nation. Adopting such water management technologies will sustain the natural resources and
livelihoods of small and marginal holders.
Objectives
To have an idea of SRI its advantages and disadvantages and cultivars suitable for SRI.
Trainers’ note
Trainer should explain on need of SRI method, its advantages to the farmers. CRP should train on raising
of nursery and its management, transplantation, water and nutrition management, weed management and
plant protection measures. (Refer Module 8)

Module 9: Direct Seeded Rice (DSR)
Description of the session
Transplanted rice has deleterious effects on the soil environment for the succeeding wheat and other
upland crops. Direct seeded rice (DSR), which removes puddling and drudgery of transplanting the young
rice seedlings provides an option to resolve the adaphic conflict and enhance the sustainability of ricewheat cropping system.
Objectives
To have an idea of DSR its advantages and disadvantages and cultivars suitable for DSR.
Trainers’ Note
Trainer should provide the knowledge on DSR technology and its advantages over transplanted rice.
Explanation should be given about the cultivars suitable for DSR, controlling of weeds, water management,
pest and diseases in DSR. Trainer should emphasise that farmers should understand the concept of DSR
importance and conservation aspects in situ and exsitu condition (Refer Module 9).

Module 10: Machine Transplantation
Description of the session
This session describes about the nursery raising. The rice nursery has to be raised in the specified trays
for machine transplantation. The proper method of raising seedlings requires a growing medium containing
soil, vermicompost, molasses- sugarcane by product and major nutrients containing urea, phosphorus and
potassium, etc., In addition to that this session also focuses on benefits and limitations of machine
transplantation, water and nutrient management.
Objectives
To aware farmers about the field preparation, nursery preparation, transplanting with machine inaddition
to that it will focus on water and fertiliser management.
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Trainers’ note
CRP should train the farmers regarding raising of nursey in trays, its management. He should also explain
about the operation and maintenance of machine transplanter. Explanation should also focus on package
of practice to be followed for machine transplanting (Refer Module 10).

Module 11: Organic Farming
Description of the session
This module is focus on principle of health, principle of ecology, principle of fairness and principle of
care. It also deals with how organic farming will enhance biological diversity within the whole system,
Increase soil biological activity, Maintain long-term soil fertility, Recycle wastes of plant and animal
origin in order to return nutrients to the soil, thus minimising the use of non-renewable resources. Organic
farming reduces the dependency on renewable resources in locally organised agricultural systems and
promote the healthy use of soil, water and air as well as minimise all forms of pollution that may result
from agricultural practices. It also promote the careful processing methods agricultural products in order
to maintain the organic integrity and vital qualities of the product at all stages;
Objectives
To know different organic farming procedures and methodologies and to know longterm effect of organic
farming in soil health and productivity.
Trainers’ note
Trainer should make the farmers to understand about the importance of maintaining the soil fertility on
long term basis. He should train the farmers on preparation of organic manures, compost, NADEP
composting and vermi composting. (Refer Module 11).

Module 12: Integrated Nutrient Management (INM)
Description of the session
The basic concept under lying IPNM is the maintenance or adjustment of soil fertility and of plant nutrient
supply to an optimum level for sustaining the desired crop productivity through optimisation of the benefits
from all possible sourcesof plant nutrients such as chemical fertiliser, organic manures (FYM, compost,
green manure and cropresidues), biofertiliser, etc., in anintegrated manner. This approach of nutrient
management aims at efficient and judicious use of all the major sources of plant nutrients in an integrated
manner, so as to get maximum economic yield without any deleterious effect on physico-chemical and
biological properties of the soil
Objectives
To provide the information on use components and use of INM practices in different crops.
Trainers note
The CRP should provide information starting with importance of practicing INM in different crops to
enhance the productivity of crops, components of INM (Refer Module 12).

Module 13: Integrated Pest Management (IPM)
Description of the session
Insect pests, diseases and weeds inflict enormous losses to the potential agricultural production. Anecdotal
evidences also indicate rise in the losses, despite increasing use of chemical pesticides. At the same time,
there is arising public concern about the potential adverse effects of chemical pesticides on the human
health, environment and biodiversity. These negative externalities, though, cannot be eliminated altogether,
their intensitycan be minimised through development, dissemination and promotion of alternative
technologies such as biopesticides and bioagents as well as good agronomic practices rather relying solely
on chemical pesticides
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Objectives
To provide the information on use components and use of IPM practices in different crops.
Trainers note
Training should describe about the importance of practicing IPM in different crops, components of IPM
followed by advantages of IPM over chemical pest management (Refer Module 13).

Module 14: Integrated farming system
Description of the session
A ‘farming system’ may comprise one or more than one enterprises, only one of them is of primary
importance around which the entire farm activities revolve while others may be of secondary importance.
This will help famers to integrate more than one enterprise to develop sustainable resource use systems,
minimum degradation with regenerative capacity increasing the farm family income generation and
employment besides not affecting the quality of environment. The objective of an Integrated Farming
System (IFS) is to integrate either cropping or a primary enterprise with allied enterprises for rainfed,
irrigated, coastal, arid, and hilly and mountain eco-systems to generate extra employment and improved
income.
Objectives
To have practical knowledge on concept of IFS, its advantages and different IFS modules.
Trainers’ note
CRPs should highlight the concept of IFS and its advantages over mono cropping to the farmers.
Explanation should be on different components of IFS, suitability of different IFS modules in the given
area, How IFS will help to sustain the income of the farmers during adverse condition
(Refer Module 14).

Module 15: Fodder Crops
Description of the session
Livestock farmers do not make special efforts for forage and pasture management during lean period.
This leads to severe fodder crisis, which ultimately force distress sale of valuable animals for slaughter. It
is essential to assess feed resources, supply and utilisation of quantity and quality of feed stuffs as well as
the nutritional requirements of animals for targeted increase in production through feeding and the measures
required to provide better nutrition during drought. The critical need is to build up proper reserves against
bad years, which come frequently and in regular cycle. Moreover, it is necessary to achieve a good balance
between feed production and feed requirement.
Objectives
To provide the information on different crops, its cultivation practices, making of silage and hay to maintain
the balance of feed and fodder for cattle.
Trainers’ note
Trainer should highlight about the importance of managing the fodder crops, feed management, suitability
of different crops, its varieties, cultivation practices, how to make silage and hay to maintain the feed and
fodder for cattle. Maintenance of silage and hay (Refer Module 15).
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Module 16: Farm Pond
Description of the session
This module discusses the importance of farm pond, advantages and limitations of farm pond, components
of farm pond, etc., to adopt the climate smart agriculture. These structures can be used to store the runoff
water during rainy season and can be used for irrigating the crops at critical stages during dryspells. Farm
pond is a water storage structure through runoff water harvesting dugout from the surface with properly
designed inlet, out let and silt trap structures. These structures capacity depends on seasonal rainfall and
its intensity, runoff coefficient, farm catchment area, slope and topography and crops to be grown in the
farm catchment. These structures are basically dug out structures in proper location of the field for meeting
the critical irrigation requirement of the crops.
Objectives
To aware the farmers about farm pond benefits and constraints and to enhance the water productivity in
the rain-fed soils through farm pond.
Trainers’ note
CRPs should provide the information on importance of farm ponds in rainfed area, components of farm
pond and capacities of the farm pond required for an area. Information on critical stages of irrigation in
different crops, crop water requirements, lifesaving irrigation during critical stages of crops to save the
crops during adverse drought condition should be emphasised (Refer Module 16).

Module 17: Micro-Irrigation
Description of the session
Present module helps the farmers to know about how to improve the water use efficiency and thereby the
savings in water, how to increase the uniformity of water, fertiliser and chemical application, crop yield
and quality enhancement, reduction in pest incidence including weed problem, etc., It will also focus on
types of micro-irrigation, design and system specifications and economics of micro-irrigation.
Objectives
To provide the practical knowledge on water use efficiency in the agriculture sector by promoting
appropriate technological interventions like drip & sprinkler irrigation technologies and to encourage
the farmers to use water saving and conservation technologies.
Trainers’ note
In this module, CRPs should explain about the importance of micro irrigation different crops to enhance
the crop productivity by using less water. Highlight the essential components of the micro irrigation
system, installation and maintenance of the systems. Emphasise should be given on fertigation through
drip irrigation, how it is useful to enhance the nutrient use efficiency and reducing the cost of fertilisers
and labourers, suitability of different fertilisers for fertigation. Compare the water requirement by different
crops under micro irrigation and surface irrigation (Refer Module 17).

Module 18: Alternate Livelihood Practices (Azolla, Mushroom, Kitchen garden)
Description of the session
Climate change threatens the livelihood of the farmers in developing countries, especially the very poor
because it directly affects their livelihood sources. Diverse cultural systems, socio-economic conditions,
and environmental exposures make household’s sources of income vulnerable over time. Variation in the
niche of socioe-conomic, climatic, and environmental factors which livelihood has adjusted to for years
culminates in vulnerability trends that jeopardise the sustainability of household income and food supply.
The need to strengthen livelihoods has been recognised as being very necessary in climate change and
climate variability mitigation and adaptation efforts. Developing alternate livelihood capacity to minimise
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the damage to livelihoods from climate change is necessary strategy to complement climate change
mitigation efforts.
Objectives
To provide the information on alternate livelihood practices like Azolla, Mushroom cultivation and Kitchen
gardening to sustain the income of rural poor during lean period.
Trainers’ note
Trainer should highlight about the importance of alternate livelihood practices for sustaining the livelihoods
of the farmers during lean period. Cultivation and feeding method of azolla, its nutritional importance
should be highlighted. In the session on kitchen gardening, emphasise the need and importance of kitchen
gardening to meet the nutritional requirement of the family, cultivation practices of different vegetables
in kitchen garden. Mushroom cultivation is also an important alternate livelihood practice which will
help to enhance the income of the farmers. CRPs should explain about the package of practice of mushroom
cultivation, maintenance and its marketing strategies (Refer Module 18).

Module 19: Livestock
Description of the session
Livestock improves the livelihoods of the underprivileged families. We need to understand their way of
life, livestock production systems and their perceptions and about the role of livestock in their livelihood.
For sustainable rural livelihood, resource poor farmers have to overcome technical, economic and social
constraints to take benefit of increasing demand of livestock products and compete with commercial
producers. There are indications that this can be done in developing countries by complete understanding
of the different production systems evolved over a period of time and introduction of improved and
appropriate technologies eliminating the constraints faced by the farmers.
Objectives
To improve the production of livestock commodities for income generation among rural poor.
Trainers’ note
In this module the CRPs should highlight about the importance of livestock in income generation, livestock
production system, proper feed management for livestock and maintenance aspects of livestock (Refer
Module 19).

Module 20: Dairy Farming
Description of the session
Livestock has better capacity to adapt to marginal conditions and withstand climate shocks, when compared
to crops. Hence, it is imperative to promote livestock enterprises among the resource poor and marginal
farmers. This module focuses on nutrition management of dairy animals, nutrient requirement of calves,
growing, other cattle and lactating cow, water requirement of dairy cattle, health management, strategies
for the control of infectious diseases and housing management.
Objectives
To enhance the knowledge and skills of the farmers about nutrition management and to enhance capacity
of the farmers to maintain a herd of highly productive dairy animals through better reproductive
technologies by maintaining a disease-free dairy animals.
Trainers’ note
CRPs should highlight in the importance of nutrition management to improve the productivity of dairy
animals, feeding schedule of the calves during early stage, nutrient requirement of the growing calves
and lactating cows, water and health management, common diseases affecting the dairy cows and its
remedies and housing management (Refer Module 20).
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Module 21: Small Ruminant Rearing for Improved Income and Better Climate Resilience
Description of the session
Small ruminants contribute greatly to the agrarian economy, especially in areas where crop and dairy
farming are not economical, and plays an important role in the livelihood of large proportion of landless
as well as small and marginal farmers. Hence, it is imperative to promote small ruminant rearing among
the resource poor farmers. Goat farming has huge opportunity in rural development as goat has potential
for export of products, capital storage, house-hold income, employment and nutrition. It is suitable for
women and could be used for rural women empowerment.
Objectives
To enhance the knowledge and skills of the farmers about better breeding and feeding management to
maintain the flock of small ruminants disease-free.
Trainers’ note
Trainer should highlight on the importance of small ruminants, breeding management, management aspects,
housing management, feed managements and its components, interventions to reduce the mortality and
major constraints and management in small ruminant rearing (Refer Module 21).

Module 22: Backyard Poultry
Description of the session
Backyard poultry contributes significantly to the livelihoods of poorer households in terms of nutrition,
income, asset building and fulfilling some religious rights. It is also a liquid asset that can be sold quickly
to meet any emergency cash needs of poorer families. Hence, it is imperative to promote backyard poultry
rearing among the resource poor households.
Objectives
To sensitise the farm families about importance of backyard poultry in getting regular income and to
enhance the knowledge of the farmers to reduce mortality of chicks and birds through proper nutrition,
vaccination regime and medication.
Trainers’ note
CRPs should emphasise on the importance of backyard poultry to improve the economy of the rural
households, management of chicks and birds, feeding management, housing management, step-wise
procedure for brooding, health management, constraints in backyard poultry and strategies to overcome
those constraints (Refer Module 22).

Module 23: Weather Based Agro Advisory (WBAA)
Description of the session
This module provides a very special kind of inputs to the farmers as advisories that can make a tremendous
difference to the agriculture production by taking the advantage of benevolent weather and minimize the
adverse impact of malevolent weather. With the advancement in forecast technology, now India is capable
of forecasting the weather from seasonal scale to Nowcasting (forecasting within 6 hrs) at national level
to block level. Whereas, value addition to these forecasts for the benefit of farmers is done by Indian
Council of Agricultural Research through its research partners in State Agricultural Universities in
collaboration with farmers at field level. This has a potential to change the face of Indian agriculture in
terms of food security and poverty alleviation. Agro-meteorological services rendered by India
Meteorological Department (IMD), Ministry of Earth Sciences is a step to contribute to weather based
information related to crop/livestock management strategies to enhance productive in a sustainable
manner. Advancement in forecast technology is achieved by AICRPAM under ICAR in collaboration

Sustainable Livelihoods and Adaptation to Climate Change (SLACC)

237

with state agricultural universities and progressive farmers to benefit the small holders. The combination
of these value added forecasts and advisories are called ‘Agromet Advisories’ developed and disseminated
to farmers using traditional ‘Dandora’ method to latest mobile apps and web based applications like
‘mKisan’. These AAS are empowering the farmer for decision making at farm level besides helping the
district level authorities to plan accordingly.
Objectives
To aware the farmers about weather forecasts and precautions to be taken to reduce the impacts of climate
change on crops.
Trainers’ note
Trainer should explain about the mechanism of weather based agro advisory, how it will help to protect
the crop in advance from adverse weather condition, how to prepare the crop weather calendars (Refer
Module 23).

Module 24: Custom hiring Centre (CHC)
Description of the session
Mechanisation of agricultural field operations sooner than later is the need of hour in Indian agriculture
system. Indian agriculture is undergoing a gradual shift from dependence on human power and draft
animal power (DAP) to mechanical power because maintenance of DAP and manual labour is becoming
increasingly costly coupled with scarce availability of fodder and feed to animal. Hence mechanical
power has become more economical and indispensable to meet targets of timeliness and efficient utilisation
of natural resources and input use. Use of high capacity and energy efficient farm implements are more
important in changing climate scenario. This module focuses on need of CHCs, establishment of small
scale CHCs and selection of farm implements based on the agricultural practices.
Objectives
To establish CHC in village/cluster, its economics, logistics management implications in community.
Trainers’ note
CRP should explain about the need for establishment of small scale CHCs in the village. He should also
clearly indicate the standard operating procedure of CHCs. Emphasis should also give on feasibility of
tools & implements to be kept in the CHC their management issues, interest to be charged on lending,
some common problems and issues that may arise on management of CHC to be discussed thoroughly
(Refer Module 24).

Module 25: Crop Insurance
Description of the session
This module emphasises on the different schemes of the Government such as PMFBY, KCC, etc. It will
provide the information about the importance of insurance and advantages.
Objectives
To know about the need of insurance to reduce the impact of climatic irregularities.
Trainers’ note
CRPs should provide an information on different crop insurance schemes, its advantages during weather
aberrations, criteria for eligibility, procedure of application, where to visit, whom contact, benefits of
farm loan and kisan credit card scheme (Refer Module 25).
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Module 26: Convergence (with schemes)
Description of the session
The module describes about the different schemes from central and state governments, its name, objectives,
target group, process for applying, contacts, criteria. Benefits entitled and constraints- nature, extent &
issues, if any.
Objective
To provide information on department schemes of their benefit and apply themselves and guide other
farmers.
Trainers’ note
The trainer should provide the information regarding beneficial schemes for farmers from state and central
governments. How to get the benefit from different schemes, process of application, funds and subsidy
available for farmers and rural poors.
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Annexure I: Questionnaire
1.

State………………………………………….

District…………………………………………

Block:……………………………………...... Village:…………………………………………
2.

Village information
2.1 Population of the village………………………

2.2 Area………………………………….

2.3

2.4 Water sources…………………………

Soil type……………………………………

2.5. Major crops grown in village
Season

Crop Name

Area
(in acre)

Irrigated Irrigation
Sown
(Y/ N)
method Month &
Week

Harvest
Month &
Week

Yield
per acre

Kharif

Rabi

Summer

2.6. Major cultivation problems facing in the village:
S. No.

Problem / constraint

Suggestion to overcome

2.7 Any weather instruments installed in village
Instrument
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3. Irrigation Details
3.1

Major source of irrigation

: Canal / Open well / Bore well / Other

3.2.

Do you get water from canal for entire crop period:

3.3.

How do you know information about canal water release:...........................................

4. Major sources of information in the village
S. No. Information sources
1

Radio

2

News paper

3

Agricultural magazines

4

Film/video

5

Television

6

Internet

7.

Mobile phone

8

Agricultural department

10

If any others ……………

Never

Once in a month

Once in week

Daily

4.1. Do you have any Village Knowledge centers / hubs in your village / panchayat on agriculture:
Yes / No
if yes, what are the activities and information availability in the centre:
S. No.

Activities

S. No.

1

1

2

2

3

3

Information availability

5. Disastrous event you have noticed/seen in the village.
Event

Yes/ No

When

Damage/loss
Human

Livestock Agricultural Land

Infrastructure

Flood
Drought
Hailstorm
Landslide
Others
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5.1. Climate change assessment
Crops before

Crops now

Kharif

Rabi

Summer

6. Basic resource availability
Resource

Condition before

Condition now

Remarks

Drinking water
Food
Fuel wood
Fodder
Timber
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