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Foreword

Corporate Social Responsibility (CSR) partnerships are being ap-
plied today on an unprecedented scale for wider social good. But
we do not hear much about their role in agriculture involving
small-holder farmers. Therefore, I am particularly delighted to
see a consolidation of the knowledge that the ICRISAT IDC team
has gained while impacting the lives of millions of farmers
through its corporate and multi-stakeholder partnerships.

This book, Corporate Social Responsibility: Win-win Proposi-
tions for Communities, Corporates and Agriculture, imbibes ICRISAT’s
motto ‘from the science of discovery to the science of delivery’. It
documents various initiatives and programmes developed over
the years to enable adoption of technologies by small-holder
farmers. It highlights real-life case studies, enabling actors, insti-
tutions, policies and partnerships that are needed for leveraging
context-driven technologies to benefit farmers, particularly in
dryland agriculture. The book details an innovative approach
for building partnerships among various stakeholders to ensure delivery at the doorsteps of
small-holder farmers through a consortium approach, bringing together public—private—people-
centric partnerships (four Ps), convergence of different schemes and departments involved in
knowledge/input distribution of collective action of smallholder farmers and capacity building on
the ground.

This approach promises to be a win-win proposition for the corporates and public-sector under-
takings in terms of leveraging their Corporate Social Responsibility programmes in the area of agri-
culture and synergizing with government to achieve food and nutritional security. The approach
provides wider social benefits to women and youths in rural areas through skill building, creating
employment and transforming subsistence agriculture into a business model using high-science
tools for achieving food, nutrient and income security.

I am sure that a wide segment of audience and readers, comprising policy makers, donors/
development investors, research managers, researchers, development workers and students, will
benefit immensely from this book.

David Bergvinson
Director General
ICRISAT
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Preface

This book is a unique initiative, covering the results of scaling-up work undertaken by a consortium
led by ICRISAT Development Center (IDC), International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT). Over the years, it has become evident that there are large yield gaps between the
farmers’ fields and the achievable potential yields for various crops at different locations. Agrarian
distress, largely for dryland agriculture farmers, was another trigger for undertaking the science of
delivery for scaling-up science-led technologies to benefit farmers. Partnership with a number of state
governments and the Government of India, along with funding support from a number of corporates
and public-sector undertakings, enabled us to pilot scaling-up work. The approach has been widely
adopted in the form of building partnerships between agriculture and allied sectors like horticulture
and livestock, resulting in improvements to productivity and income for the farmers. The lessons from
this initiative are immense and the scaling-up approach has evolved over time.

The results and the learnings at different agro-ecological locations under varying socioeconomic
conditions, as well as the natural resource endowments and the approach of building partnerships
for providing end-to-end solutions, has huge potential in parts of Asia and Africa. In India, govern-
ment policy since 2014 has been to invest 2% of the profits of the large corporates and public-sector
undertakings under CSR, which has enabled institutions like ICRISAT to develop the science of deliv-
ery, build the partnerships through consortia and collective action of the small farm holders through
Farmer Producer Organizations (FPOs) and capacity building. This approach has resulted in intensi-
fications of the existing systems, innovations, and inclusivity of the systems by adopting an inte-
grated approach, resulting in economic gain and protection for the environment, and also addresses
the issues of equity through efficient use of available resources. We are very pleased to share the
learnings of these initiatives, which we are confident will benefit millions of farmers across Asia and
Africa.

Suhas P. Wani and K.V. Raju
ICRISAT

Xi
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Corporate Social Responsibility
in India: Philosophy, Policy

and Practice

K.V. Rasu* aND SuHAas P. WaNI

International Crop Research Institute for the Semi-Arid Tropics,

Patancheru, India

1.1 Introduction

1.1.1 Philosophy

The world is changing, and by dimensions and
at a pace never seen in the past. Consumers are
evaluating products and services not only in
terms of functionality and technology but also
whether the producer is paying adequate atten-
tion to the environment and the community.
Social media allows for quick person-to-person
dissemination of data and ‘experience’, and for a
positive or negative build-up, which far exceeds
the power of mass-media-based inferences.

Despite these great improvements, the la-
tent potential of a nation of more than a billion
people continues to be stymied by developmental
barriers. India’s development goals are immense,
and the challenges that lie ahead can only be
overcome with the efforts of every stakeholder in
the ecosystem. Every giver, no matter how large
or small the contribution, plays a vital role in
helping India move closer towards its develop-
ment goals. It is only when every giver reaches
his or her full potential that the billion people
will achieve their goals.

India has witnessed high economic growth
in the past two decades. India continues to be

* Corresponding author: kv.raju@cgiar.org

one of the fastest-growing economies in the
world and has made progress on several develop-
ment indicators. Despite progress, challenges
persist. India continues to face several challenges
in health, poverty, nutrition and sanitation, edu-
cation, water, unemployment, environment and
others. The passage of Companies’ Act 2013,
notification of corporate social responsibility
(CSR) rules and further notifications (henceforth
referred as the Act) can be seen as a move by the
Government of India to strengthen the relation
of the business with communities and also bet-
ter transparency and governance around CSR
(Gol, 2013). While the Act provides the overall
guidance framework for the corporates to lead
their CSR initiatives, it also provides ample au-
tonomy and flexibility to design and implement
programmes. Furthermore, India is one of the
first few countries in the world which has man-
dated CSR spending as well as its reporting.
Internationally, disclosures on CSR have been in
place for quite a few years now. Sector-specific,
mandatory CSR has also been in place. The man-
datory CSR reporting has its unique advantages.
Besides complying with regulatory requirements,
it allows corporates to demonstrate their com-
mitment towards organizational transparency.
It can also be used as a communication tool to

©CAB International 2018. Corporate Social Responsibility: Win-win Propositions
for Communities, Corporates and Agriculture (eds S.P. Wani and K.V. Raju) 1
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engage with different stakeholders including
shareholders, regulators, communities, customers
and the larger society. CSR reporting provides an
opportunity for corporates to reflect on their in-
ternal processes as well as to compare their CSR
performance with peers.

Corporate social responsibility should act
as a bridge between ‘haves and have-nots’, given
the wide disparity that exists in the society. In
other words, it should not be seen as ‘good to
have’ or as a ‘requirement under law’ instead,
they have to think beyond their customers and
shareholders, and focus on developing partner-
ships with other important stakeholders in the
society. In addition to business which is the eco-
nomic exchange with society, companies need
to also focus upon CSR as their non-economic
exchange.

Corporate social responsibility in India, as
in many parts of the world, has for companies
matured from a utopian concept to a must-do
activity. Globalization of Indian business, local-
ization of multinational companies in India,
corporate reputation, risk management and
business continuity/sustainability, and public
policy on CSR are key drivers for the main-
streaming of CSR. Nevertheless, a substantial
number of enterprises in India still need to move
up the CSR curve. CSR is becoming an integral
part of every business portfolio in India, and
companies have made significant contributions
to the development of the country through vari-
ous initiatives in areas such as education, health
care, water and sanitation, infrastructure, liveli-
hoods, rural development and urban develop-
ment (Warner, 2014; Sheth et al., 2017).

Recently, CSR activities have been grow-
ing at a faster rate than expected. One of the
reasons for this growth is the burgeoning cor-
porate foundations. These foundations are usu-
ally nonprofit entities set up to conduct CSR
activities. This structure enables them to part-
ner with other organizations engaged in re-
search and implementation activities. These
entities also work with government depart-
ments to seek alignment with social, environ-
ment or economic development priorities. In
recognizing the role of business in inclusive
growth through sustainable development ef-
forts, the government in recent years, (e.g. the
Ministry of Corporate Affairs) has increased

efforts to put in place a policy on CSR that will
provide an enabling environment for business
to conduct CSR activities.

A widely used definition of CSR in the busi-
ness and social context has been given by the
European Union (EU). It describes CSR as

the concept that an enterprise is accountable
for its impact on all relevant stakeholders. It is
the continuing commitment by business to
behave fairly and responsibly, and contribute
to economic development while improving the
quality of life of the work force and their
families as well as of the local community and
society at large (European Commission,
2011).

In other words, CSR refers to ensuring the success
of the business by inclusion of socioeconomic
and environmental considerations into a compa-
ny’s operations. It means satisfying the demands
of shareholders and customers while also man-
aging the expectation of other stakeholders such
as employees, suppliers and the community at
large. It also means contributing positively to society
and managing the organization’s environmen-
tal impact (European Commission, Directorate-
General for Enterprise).

Over the years, the Indian philanthropy
market has matured.’ Funds contributed by
individual philanthropists have been steadily
rising, growing faster than funds from foreign
sources and funds contributed through CSR.
Philanthropists are also becoming more sophis-
ticated in how they view giving and are pro-
actively adopting new strategies for high-impact
results.

Philanthropy has been on the upswing in
India over the past five years. Although fund-
raising continues to be one of the primary concerns
in the development sector, it has seen steady
growth in the recent past, primarily due to private
sources. Though the current trend is heartening,
a greater push for more philanthropic funding
and resources is needed, given that the required
scale of development remains significantly large.

In terms of visible outcomes, India still has
a long way to go on most fronts despite progres-
sive government schemes such as Beti Bachao
Beti Padhao, Jan Dhan Yojana and Swachh Bharat.
The country ranked 130 on the Human Devel-
opment Index in 2014 and 110 on the Sustain-
able Development Goals (SDGs) Index in 2016,
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lagging behind its peers on both readings (see
Fig. 1.1). Conservative estimates indicate that
India will face a financial shortfall of approxi-
mately ¥53.3 million crore (US$8.5 trillion) if it is
to achieve the SDGs by 2030. It needs significant

additional funds, along with systematic changes
at the policy and service-delivery levels, to achieve
these goals. Although the government remains
the largest enabler of change, the role of private
philanthropy is critical.

Human development index on a scale of 0—1 (2014)

Developed
; S\
Developing 7 o092 0.92 0.94 1
S —_
. 0.73 0.76 0.76
0.67
0.61
06| 055
0.4
0.2
0
Kenya India Philippines China Brazil SriLanka USA Germany Australia
Rank 145 130 115 90 75 73 8 6 2
Sustainable development goals index on a scale of 0—100 (2016)
100 Developed
Developing / 81 N
80 A 73 75
~ N\
64
60 - 56 59
48
44
40
20
Kenya India  Sri Lanka Philippines China Brazil USA  Australia Germany
Rank 120 110 97 95 76 52 25 20 6

Fig. 1.1. India lags behind comparable peers on key social development indexes. From: Cll, 2016;

KPMG, 2017; Sheth et al., 2017.



©CAB International 2018 — for Kaushal K. Garg
4 K.V. Raju and S.P. Wani

1.1.2 Growing funds

The India Philanthropy Report (Sheth et al., 2017)
observed that total funds for the development
sector have grown approximately 9% over the
past five years. In absolute terms, the funds have
increased from approximately 150,000 crore
to ¥220,000 crore with the combined efforts of
both public and private sectors. While the public
sector remains the largest contributor (150,000
crore in 2016), its share of total funding has been
declining steadily. On the other hand, private-
sector contributions primarily accounted for the
70,000 crore five-year growth. Private dona-
tions made up 32% of total contributions to the
development sector in 2016, increasing from a
mere 15% in 2011 (see Fig. 1.2).

To deal with increasing climate risks, envir-
onment degradation, lack of livelihood opportun-
ities and widespread out-migration, the Ministry
of Corporate Affairs, Government of India has
recently notified the section 135 of the Compan-
ies Act, 2013 along with Companies (Corporate
Social Responsibility Policy) Rules, 2014 (Gol,
2013). In response to the requirements of the
Companies’ Act 2013, companies have to set

aside an amount of equal to 2% of the average
net profits of the Company for annual CSR activ-
ities. However, the share of private corporate
philanthropy in funds raised for the develop-
ment sector has declined from 30% in 2011 to
15% in 2016. To create conducive environment
to invest on CSR activities, the government has
proposed amendments to the Companies’ Act
2013 that seek to provide greater clarity on CSR
provisions. Although philanthropy from foreign
sources has continued to increase over the years,
the rapid growth of philanthropy from individ-
uals within the country promised for the sus-
tained growth of Indian philanthropy. One of
the estimates revealed that the new CSR man-
date of 2% net profit has brought approximately
5,850 crore to local charities from 90 compan-
ies since 2014.

1.1.3 Individual philanthropist

In India, philanthropic funding from private
individuals recorded a sixfold increase from

approximately 26,000 crorein 2011 to%36,000
crore in 2016 (see Fig. 1.3). A large portion of

Funds raised estimated at ¥220,000 crore; private funds have led the growth at 25% CAGR

Funds raised for the social sector in India ‘000 crore

250
CAGR
FY 2011-1
200,000 crore 09 6
200 Foreign sources 18%
o
Domestic corporations 11% } Private
- ) ) (25% CAGR)
150,000 crore Individual philanthropists 4%
150 \
100 .
4| Public spending Public
5
4% ) (4% CAGR)

50

R S
FY 2011
Public funds raised ¥125,000 crore
Public funds as
percentage of 85%
total funds raised

FY 2016
¥150,000 crore

68%

Fig. 1.2. Contribution from private sources caused a healthy growth rate in philanthropic funding. From:

Sheth et al., 2017.
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Private funds raised for the social sector in India

¥23,000 crore

100%

80

60

40

20

0

FY 2011

Individual funds 259,

as percentage
of private funds

CAGR
FY 2011-2016

¥70,000 crore 25%
18%

44%

1%

FY 2016
50%

Fig. 1.3. The 44% growth in individual funds is the major reason for the 50% share increase in private

funds. From: Sheth et al., 2017.

this amount has come from a few established in-
dividuals who have pledged large sums of their
net worth to philanthropy. This increase in pri-
vate philanthropy is only expected to grow in the
future, with government facilitating through
policy and legal framework an environment con-
ducive to investment on social and environmental
issues. According to the India Philanthropy Report
(Sheth et al., 2017), the increased per capita gross
domestic product has contributed to the increase
in ultra-high net-worth individual (UHNWTI) house-
holds, leading to more philanthropic activity. The
number of UHNWTI households has doubled since
2011, and their net worth has tripled during this
period. The number of people who have volun-
teered their money and time between 2009 and
2015 has also increased 1.5 and 2 times respect-
ively (see Fig. 1.4).

The growth of the Indian economy has con-
tributed to the rise of individual philanthropists,
which is an important phase in the growth of In-
dia’s philanthropy sector. The growth-induced
development is resulting in more Indians becom-
ing wealthier, as reflected in the Forbes billion-
aires list, in which India ranks fourth among
countries with the most billionaires. However,
philanthropy is not a new concept in India, as
the country has had a history and tradition of

supporting and helping employee welfare activities
and environmental sustainability through corpor-
ate houses. In today’s environment, the philosophy
of philanthropy is changing due to awareness of
global issues and modernization has changed the
attitude of new generations, and wealthy people
are coming forward to address critical issues
such as social and economic backwardness, en-
vironmental concerns and empowerment issues,
thereby helping India to develop faster.

1.1.4 Contributing funds

Philanthropy is the way of helping to build
stronger societies by protecting the environ-
ment, creating employment and providing basic
amenities. In this process different philanthrop-
ists may opt for different methods, and this is the
prerogative of each philanthropist, shaped in
part by his or her unique giving philosophy, life
experience, time availability, social interests and
goals. Different philanthropists adopt different
practices depending on time availability and
interests, and some may invest their time and
efforts into helping society in addition to monet-
ary contributions. A philanthropic journey is
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Fig. 1.4. Improving economic conditions and an increase in individual wealth have led to an increase in
philanthropy. UHNWI = ultra-high net-worth individual; a UHNWI household is defined by Kotak Wealth
Management as a household with a net worth >%25 crore. From: Sheth et al., 2017.
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complex, and there are varied approaches that
philanthropists can adopt. The India Philanthropy
Report (Sheth et al., 2017) outlined the frame-
work and identified the ways that philanthrop-
ists may choose to engage with the sector. The
report also highlighted how and where philan-
thropists give and manner in which their funds
are used (Fig. 1.5) and lay out the various ways
philanthropists can contribute beyond their fi-
nancial contributions (Fig. 1.6). The confluence
of the two can broadly illustrate the giving approach
adopted by philanthropists (Sheth et al., 2017).

1.2 Evolution of CSR Governance
and Policies

Since CSR is gaining importance throughout the
world,? governments are aware of the national
competitive advantages won from a responsible
business sector. Large corporations have pro-
gressively realized the benefit of implementing
CSR initiatives, where their business operations
are located. The Organisation for Economic Co-
operation and Development (OECD) established
a set of guidelines for multinational enterprises
in 1976, and was thus a pioneer in developing
the concept of CSR. The purpose of these guide-
lines was to improve the investment climate
and encourage the positive contribution multi-
national enterprises can make to economic and
social progress. In addition to the OECD’s 30
member countries, 11 observer countries have
endorsed the guidelines.?

It is observed that transparency in report-
ing enhances the focus on economic, social and
environmental factors. It motivates companies
to intensify their efforts in becoming socially
responsible. Several efforts have been taken by
various governments to encourage CSR report-
ing, such as incentivizing companies who volun-
tarily report their CSR activities or by taking
measures such as mandating CSR reporting. In
2007, the Malaysian government passed a regu-
lation to mandate all publicly listed companies
to publish their CSR initiatives in their annual
reports on a ‘comply or explain’ basis. Accord-
ingly, all publicly listed companies in Malaysia
have to either publish CSR information or ex-
plain why they should be exempted (Hauser In-
stitute, 2015). In another example, in 2009

Denmark mandated CSR reporting, asking all
state-owned companies and companies with total
assets of more than €19 million, revenues of
more than €38 million, and over 250 employees
to report their social initiatives in their annual
financial reports.

To enable transparency from businesses on
the environment, social and governance front,
France passed a law called Grenelle II, which
mandates integrated sustainability and financial
reporting for all companies listed on the French
stock exchanges, including subsidiaries of for-
eign companies located in France and unlisted
companies with sales revenue of more than
€400 million and more than 2000 employees.

Although some CSR standards are mandatory,
there are others, which comprise both manda-
tory and voluntary standards. For instance, in
2006 the British Companies Act mandated all
companies listed in UK to include information
about their CSR activities in their annual re-
ports; however, a full-length CSR report was
made voluntary (Maguire, 2011).

A corporate responsibility index challenges
and supports large organizations to integrate
responsible business practices. Emerging mar-
kets such as Brazil, China and South Africa have
become forerunners in CSR reporting in the
developing world in terms of their involvement
in CSR-related activities in order to promote the
listed companies’ credibility, transparency and
endurance. The Johannesburg stock exchange
was the first emerging market stock exchange to
create a socially responsible investing index in
2004. China has also encouraged CSR reporting
in guidelines released through the Shanghai and
Shenzhen Stock Exchange.

1.2.1 Evolution in India

India has a long tradition of paternalistic phil-
anthropy. The process, though acclaimed re-
cently, has been followed since ancient times,
albeit informally. Philosophers such as Kautilya
from India, and pre-Christian era philosophers
in the West, preached and promoted ethical
principles while doing business. The concept of
helping the poor and disadvantaged was cited in
several works of ancient literature. In the
pre-industrial period, philanthropy, religion and
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charity were the key drivers of CSR. The industrial
families of the 19th century had a strong inclin-
ation towards charity and other social consider-
ations. However, the donations, either monetary
or otherwise, were sporadic activities of charity
or philanthropy that were taken out of personal
savings, which neither belonged to the share-
holders nor constituted an integral part of busi-
ness. During this period, the industrial families also
established temples, schools, higher education in-
stitutions and other infrastructure of public use.

The term CSR itself came into common use
in the early 1970s. The last decade of the 20th
century witnessed a shift in focus from charity
and traditional philanthropy toward more direct
engagement of business in mainstream develop-
ment and concern for disadvantaged groups in
society. In India, there is a growing realization
that business cannot succeed in isolation and so-
cial progress is necessary for sustainable growth.
An ideal CSR practice has both ethical and philo-
sophical dimensions, particularly in India where
there exists a wide gap between sections of people
in terms of income and standards as well as soci-
oeconomic status (Bajpai, 2001).

Currently, there is an increased focus and a
changing policy environment to enable sustain-
able practices and increased participation in the
socially inclusive practices. Some of these enab-
ling measures have been illustrated in the next
section of this chapter.

Governance frameworks that focus on the
social, environmental and ethical responsibil-
ities of businesses help in ensuring long-term
success, competitiveness and sustainability. This
further helps to endorse the view that business is
an integral part of the society and is essential for
the development and sustenance of the society
at large. There has been an influx of funding by
the corporates in India to aid and uplift the In-
dian society for many decades. The 57th standing
committee on finance highlighted the need for
companies to contribute to the society as they
depend on the society for obtaining the capital
for their businesses. As a result, The Ministry of
Corporate Affairs of the Government of India
enforced the Act and the CSR Rules from 1 April
2014. The provision of Section 135 for CSR in
the Act was introduced in order to enable compan-
ies to build social capital through a regulatory
structure. By doing so, India became one of the
first countries to have a regulatory requirement

to spend on CSR and also one of the first to empower
businesses to make an impact on the social front
in a structured manner.

1.2.2 What qualifies as CSR?

With effect from 1 April, 2014, every private limited
or public limited company, which either has a
net worth of 500 crore or a turnover of 1000
crore or a net profit of %5 crore, is required to spend
on CSR at least 2% of its average net profit for the
immediately preceding three financial years’
activities. The net worth, turnover and net
profits are to be computed under Section 198 of
Companies’ Act 2013 as per the profit-and-loss
statement prepared by the company in terms of
Section 381 (1) (a) and Section 198 of the Com-
panies’ Act 2013.

The CSR activities should not be undertaken
in the normal course of business and should be
done according to Schedule VII of the 2013 Act.
The Act mentions the following activities as part
of CSR:

Eradicating extreme hunger and poverty.
Promotion of education.
Promoting gender equality and empowering
women.
e Reducing child mortality and improving
maternal health.
e Combating HIV, AIDS, malaria and other
diseases.
Ensuring environmental sustainability.
Employment enhancing vocational skills.
Social business projects.
Contribution to the Prime Minister’s (PM’s)
national relief fund or any other fund set up
by the central or state governments for soci-
oeconomic development or relief, and funds
for the welfare of Scheduled Caste, Scheduled
Tribe, other backward classes, minorities
and women.

To formulate and monitor the CSR policy of a
company, Section 135 of the 2013 Act requires
a CSR committee of the board to be constituted.
The CSR Committee is to consist of at least three
directors, including an independent director.
However, CSR rules exempt unlisted public com-
panies, and private companies that are not re-
quired to appoint an independent director, from
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having an independent director as a part of their
CSR Committee, and stipulates that the commit-
tee for a private company and a foreign company
need to have a minimum of only two members.
The modalities require that the finance for
spending on CSR activities shall be through a re-
gistered trust or society or by a holding/subsid-
iary or associate company, or through an outside
entity having a track record of three years; if
through an outside entity, then the company
should specify the programme to be undertaken,
modalities for utilization of funds and monitor-
ing and reporting mechanism; it can give a do-
nation to a corpus fund, if the entity is created
exclusively to carry out CSR activities.

Incubators approved by the central govern-
ment are considered as a CSR contribution. Ex-
amples of incubators are Villgro, a Department
of Science and Technology-certified incubator
with focus on social enterprises, and Centre for
Innovation Incubation and Entrepreneurship
(CIIE), the technology incubator at Indian Insti-
tute of Management, Ahmedabad. The 7th edi-
tion of Bain's India Philanthropy Report (Sheth
etal., 2017), focused on the growing importance
of the individual philanthropist in the overall
landscape of funding for the development sector.
It goes beyond analysing how much philan-
thropists are giving and instead focuses on the
evolving approaches that givers are adopting to
maximize their philanthropic impact. Two ex-
amples (Infosys Foundation and Tata Group) are
shown in Box 1.1 and Box 1.2.

1.3 Practice

It is a few years since the Companies’ Act 2013
and notification of Section 135 was introduced
in India. Since India was one of the first countries
across the world to mandate CSR, there is a grow-
ing interest among various stakeholders to see
how the scenario is progressing. What was earl-
ier a voluntary pursuit for corporates has now
become a regulatory requirement. The Act is
quite comprehensive in nature and provides ad-
equate framework and guidance for CSR project
implementation. The Act focuses on implement-
ing CSR in project mode and also requires a de-
tailed disclosure as part of the annual report. The
Act also brings in a higher level of governance
requirements and hence accountability on CSR.

1.3.1 Estimated CSR expenditure

Estimates of the likely annual expenditure on ac-
tivities defined in Schedule VII of the CSR Act
and falling under the area of social development
vary, ranging from 15,000 crore to 328,000
crore. It is anticipated that of 250 public-sector
units (PSUs) in India, 70-80 may qualify for the
CSR expenditure. Among nearly 20,000 private
companies in India, 10,000-16,000 may qual-
ify for CSR. Since 2010, PSUs have been required
to spend a part of their profits, in a percentage
slab based on the guidelines being issued by the

Box 1.1. Infosys Foundation.

the valuable CSR platforms built over the years.

West Bengal.

Infosys’ commitment to communities has led to the creation of the Infosys Foundation to support the under-
privileged sections of society. A not-for-profit initiative aimed at fulfilling the social responsibility of Infosys
Ltd, the Infosys Foundation creates opportunities and strives towards a more equitable society.
Established in 1996, the Foundation supports programmes in the areas of education, rural devel-
opment, health care, arts and culture, and destitute care. Its mission is to work in remote regions of
several states in India. The Foundation takes pride in working with all sections of society, selecting
projects with infinite care and working in areas that were traditionally overlooked by society at large.
Infosys has been an early adopter of a strong CSR agenda. Along with sustained economic perform-
ance and robust sustainability management, social stewardship is important to create a positive impact
in the communities in which the project activities are undertaken. The key programmes are driven by

To begin with, the Infosys Foundation implemented programmes in Karnataka, and subsequently
extended its coverage to Andhra Pradesh, Arunachal Pradesh, Bihar, Delhi, Gujarat, Jammu and Kash-
mir, Kerala, Madhya Pradesh, Maharashtra, Odisha, Punjab, Rajasthan, Tamil Nadu, Uttarakhand and
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Box 1.2. Tata philosophy for CSR.

The Tata Group’s corporate social responsibility (CSR) activities are rooted in the knowledge that busi-
nesses have a duty to enable all living beings to get a fair share of the planet’s resources. The Tata
culture of giving back flows from the tradition of nation- and community-building developed more than a
century ago by Jamsetji Tata, the Founder of the group. Tata companies are involved in a wide variety
of community development and environment preservation projects. The group believes CSR is a critical
mission that is at the heart of everything that it does, how it thinks and what it is. The Tata Group is com-
mitted to integrating environmental, social and ethical principles into the core business, thereby enhan-
cing long-term stakeholder value and touching the lives of over a quarter of the world’s population. The
group’s CSR programmes aim to be relevant to local, national and global contexts, keep disadvantaged
communities as the focus, be based on globally agreed sustainable development principles and be
implemented in partnership with governments, NGOs and other relevant stakeholders.

The CSR approach adopted envisages that the group evolves and executes strategies to support
communities in partnership with governments, civil society and relevant stakeholders. Key to this approach
is that Tata employees generously give their time, experience and talent to serve communities; group com-
panies encourage and facilitate them to do so. At the group level, the Tata Engage programme builds on
this tradition. It is among the top 10 corporate volunteering programmes in the world. Tata companies work
towards empowering people by helping them develop the skills they need to succeed in a global economy,
which is now consolidated into a group CSR programme called Tata STRIVE. The group equips communi-
ties with information, technology and the capacity to achieve improved health, education and livelihood. It
also works towards enabling other living things on the planet get their fair share of the resources. The core
principles of CSR at Tata are diagrammatically represented below.

(Based on: http://www.tata.com/sustainability/articlesinside/corporate-social-responsibility)

BEYOND COMPLIANCE
While all CSR interventions
shall fully comply with the
relevant laws of the land
in which they operate,
they will strive to meet
core needs, even if it is
beyond what is
mandated.

IMPACTFUL
Interventions will force
an impact on communities
and to this end, all
companies will work
collaboratively and
synergistically on a set of
agreed Tata Group
Focus Initiatives.

OPPORTUNITIES FOR
VOLUNTEERING
The CSR intiatives will be
designed to provide a
range of volunteering
opportunities for Tata
employees.

PARTNERSHIPS
All CSR interventions will be
done in partnership with
institutions that are close to
the ground — community
organizations, NGOS,
companies (within and outside
the Tata Group) and
government (local, state
and
central).

LINKED TO BUSINESS
All companies may seek
business benefits and
leverage their core
competencies while
undertaking CSR activities,
However, community benefits

will have to be paramount
and clearly defined.

CORE

10 PRINCIPLES
OF CSR AT TATA

RELEVANT TO
NATIONAL AND
LOCAL CONTEXTS
The CSR initiatives must be
closely aligned with and
relevant to the local and
national contexts in
which the company
is located.

STRATEGIC AND BUILT
TO LAST
By design, all CSR initiatives
shall ensure that communities
can sustain them on their own,
beyond the involvement of the
Tata Group. Hence, the

initiatives must be part of a
long-term CSR
strategy.

SUSTAINABLE
DEVELOPMENT
PRINCIPLES
All CSR interventions will
follow sustainable
development principles —
these will factor social,
human rights and
environmental impacts in
their design and
execution.

FOCUSED ONTHE
DISADVANTAGED
Special care must be taken
to ensure that the needs of
the most disadvantaged in
the community — in terms of
gender, ethnicity, disability
and occupation — are
addressed.

PARTICIPATIVE AND
BOTTOM-UP
Communities must be central
to interventions and they
must be actively involved in
identifying the issues to be
addressed and in the
management monitoring
of the interventions.
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Department of Public Enterprises. The CSR ex-
penditure ranged from 3% to 5% of the net profit
of the previous year for PSUs, making a profit of
less than 100 crore, and 2-3% (subject to min-
imum of %3 crore) in case of profit of 100-500
crore.

1.3.2 How are Indian companies doing
on the CSR front?

The survey carried out in 2016, analyses and
brings together findings from CSR reporting of
the top 100 (N100) listed companies as per market
capital as on 31 March 2016. All these compan-
ies are required to comply with the requirements
of the Act. The CSR policy, CSR Committee,
disclosure on CSR in the Annual Report, CSR
expenditure and others were reviewed based
on their availability in the public domain as on
30 September 2016. Key focus areas, compliance
levels of companies and beyond compliance are
summarized in Table 1.1.

1.3.3 Participation in Swachh Bharat
campaign

As part of the Swachh Bharat campaign an-
nounced by the Prime Minister Shri Narendra
Modi in October 2014, the government has set
up a Swachh Bharat Kosh to collect contribu-
tions from individuals and organizations to-
wards linking water supply to the constructed
toilets, training and skill development to facili-
tate the maintenance of the toilets and to ensure
its interlinkages with education on hygiene, and
liquid waste management. Scientist R. Mashelkar
chairs the 19-member expert committee to exam-
ine best technologies on sanitation and water,
with affordability, sustainability, scalability and
quality as the main criteria.

Corporate India has committed to construct
100,000 toilets, led by announcements from
NTPC (24,000 units) and L&T (5000 toilets).
Commitments have also been made by TCS, Toy-
ota Kirloskar, Bharti Foundation, Ambuja Ce-
ments and other companies. As per statistics,
over 114,000 government schools are without a
girls’ toilet, and 152,000 are without a boys’ toi-
let. The average cost of construction of a toilet

block is about 130,000, while the mainten-
ance cost stands at ¥ 20,000 per year.

1.3.4 Participation in other activities

Corporates in India are finding a range of CSR
activities to participate in — they cover CSR being
used for market development, to increase prod-
uct penetration and tap first-time customers, to
develop relationships and partnerships with
local communities, to extend the supply chain to
bring poor communities into the fold, and to en-
hance skills and capabilities of future customers.
The benefits of CSR are given in Box 1.3.

1.3.5 CSR by type and nature of industry

The average prescribed 2% amount per com-
pany has gone up by 12% in case of PSU com-
panies and 15% in case of non-PSU companies,
according to KPMG (2017). The average ex-
penditure against the prescribed 2% amount per
company has gone up by 64% in case of PSU
companies as compared to 15% in case of non-
PSU companies. The average prescribed 2%
amount per company has gone up by 7% in case
of Indian origin companies and has reduced to
above 20% in case of non-Indian origin com-
panies. The average expenditure against the pre-
scribed 2% amount per company has gone up by
18% in case of Indian origin companies and
30% in case of non-Indian origin companies.
Interestingly, chemicals, construction, services,
mining, automobile, media, cement and energy
and power sector companies have spent more
than the prescribed 2% CSR budget in the range
of 101% to 119%. The telecom sector has in-
creased spends from 18% to 31%, however, it
still continues to lag behind other sectors.

1.3.6 How is the government
supplementing CSR efforts?

According to data from the National Skill Devel-
opment Agency (NSDA), 21 departments and
ministries were supposed to train 10.5 million
people in 2014—-15, but it is estimated that only



Table 1.1. Focus and complaince of CSR. Source: summary based on KPMG (2017).

Focus

Details

Compliance

Beyond compliance

CSR Policy

CSR Committee

Disclosure on CSR
in the Directors’
Report

The Act mandates companies to formulate

CSR policies. The policy needs to list out
projects/programmes it is planning to
implement, execution mechanisms,
monitoring and evaluation framework and
others. The policy should be made
available on the company’s website

The Act mandates that eligible companies

must formulate a Corporate Social
Responsibility (CSR) Committee. The
CSR Committee needs to formulate and
recommend the CSR policy to the board,
list out and recommend CSR activities
and their expenditure and periodically
monitor the CSR policy

As per the Act, eligible companies must

disclose CSR related details in their
Directors’ Report such as the composition
of the CSR Committee, details about the
policy developed and implemented by the
company on CSR initiatives taken during
the year as Annual Report on CSR
containing particulars as specified by the
Act, and in case of a failure to spend 2%
towards CSR shall specify the reasons for
same. Mandatory requirement as part of
Act reflects the priority given to CSR at
board level

Three companies do not have their CSR

policy available on their respective
websites. Two companies have failed to
make their CSR policy available in the
public domain for the second year in a row.
Eight per cent of these companies have
failed to disclose details regarding the
monitoring framework of their CSR policy

Ninety-eight companies have disclosed

details regarding CSR committee in
Directors’ Annual Report, however, two
Companies have failed to disclose CSR
Committee details for the second year in
a row. All companies have an
independent director on the CSR
Committee

During the current year, 98 companies have

made disclosures on CSR in the
Directors’ Report. Four companies have
failed to provide CSR details in the
prescribed format. Forty-two companies
have failed to disclose details regarding
CSR Committee in the Directors’ Report.
Fifty-two% companies have failed to
disclose details regarding CSR spend in
the Directors’ Report; 21% companies do
not refer to the CSR policy in the
Directors’ Report

About 98% of companies have disclosed their

vision/mission philosophy guiding their
CSR programmes. Ninety per cent of
companies have disclosed details
regarding CSR governance

Sixty-four per cent of companies have more

than the prescribed number (three) of CSR
Committee members; 47% of companies
have more than the prescribed number
(more than one) of independent CSR
Committee members on board which is
clearly a good indication from the
governance front; 55% had women
members in their CSR committee; 82% had
held two or more CSR Committee meetings
during the year

Forty-nine per cent of companies have

presented their CSR vision/mission in the
Directors’ Report; 40% of the companies
have disclosed details on the focus areas
of CSR intervention in the Directors’
Report. During the current year, 25% of the
companies have reported details regarding
the outreach/people impacted

4
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Box 1.3. Benefits of CSR.

objectives. Its key benefits are as follows:

* Strengthening relationships with stakeholders.

* Additional motivation to employees.

CSR is relevant because of not only a changing policy environment but also its ability to meet business

* Enabling continuous improvement and encouraging innovation.
* Attracting the best industry talent as a socially responsible company.

* Risk mitigation because of an effective corporate governance framework.
* Enhanced ability to manage stakeholder expectations.

a little more than 5 million people were actually
trained. This includes nearly 1.5 million stu-
dents passing out of ITIs every year. The govern-
ment has moved the training and apprentice
divisions of the labour ministry to the Skill
Development and Entrepreneurship ministry
formed in November 2014. The move brings
over 11,000 ITIs and numerous other institu-
tions, and the apprentice and training divisions,
under the Skills ministry. The Skills ministry will
implement the amended Apprentices Act, which
allows students to get trained in shop floors and
obtain financial assistance. The government has
drawn up a target for skill-training 250 million
people by 2022, including that for the National
Skill Development Corporation (NSDC) under
the Skills ministry, which will not only oversee
the skill development activities of all ministries
and departments but also actually implement
the schemes. The findings of KPMG (2017)
are fairly encouraging. According to KPMG
research:

e  Compliance to the requirements of the Act
has improved.

e A positive trend in the availability of infor-
mation can be seen as compared to previ-
ous year.

e  Strengthening of governance mechanisms
for CSR projects is visible.

e  QOverall CSR expenditure has increased and
thematic areas of health, education and
sanitation witnessed higher budget alloca-
tion from corporates.

e A few corporates have gone beyond the 2%
mandate and spent more.

e  QOverall, this opportunity needs to be seized
to demonstrate to the world that Indian
businesses are contributing constructively
to address India’s development challenges
and are doing it in an impactful way.

1.3.7 CIl plays a pivotal role

Confederation of Indian Industry (CII) members
need to go a step forwards to support establish-
ing and executing social organizations and
NGOs and all required tie-ups. CII also eminently
influences the government to execute the legal
frame in this regard. If companies see CSR as a
legal requirement, and not as a strategic oppor-
tunity to enhance value to the society and to
shareholders, then it will be an opportunity lost.
The Companies’ Act 2013 has opened a window
to develop a new model by which businesses can
make a real contribution towards finding lasting
solutions to critical societal issues, and enhance
their standing in the society. There should be a
collaborative step towards propagating a CSR
revolution in India. Even the subcommittee
chairs* of CII, across the country, have clearly
believed that CSR cannot be a law, it has to come
from the heart. There is a lot of scope for so-
cial-sector development which would work only
through public—private partnerships and joint
community/corporate participation for social
development (CII, 2014).

1.3.8 ICRISAT enabling CSR through

win-win proposition

The International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), Patancheru under-
takes research for development in the area of agri-
culture in the semi-arid tropics for achieving food
and nutrition security, reducing poverty and min-
imizing environment degradation in the dryland
tropics. ICRISAT undertakes ‘Science with a
Human Face’ by addressing the challenges of ‘Sci-
ence of Discovery’ to ‘Science of Delivery’ by
adopting a holistic approach in the water-scarce
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regions of semi-arid tropics, which is a hot spot of
poverty, malnutrition and food insecurity. In this
regard, ICRISAT is working with a number of cor-
porates and private-sector companies to under-
take CSR initiatives for improving water availability
through rainwater harvesting, improving water
quality through integrated watershed management,
enhancing productivity through increased water
and other inputs use efficiency, minimizing land
degradation and increasing carbon (C) sequestra-
tion for mitigating the impacts of climate change
while improving the social capital through co-
operation and collective action. ICRISAT adopts
science-led holistic development approach through
sustainable management of natural resources for
improving rural livelihoods. ICRISAT started
working with corporates in 2002 long before the
Companies’ Act 2013 was passed for CSR by the
Government of India. By integrating natural re-
sources conservation, sustainability of livelihood
as well as business, this approach helped in build-
ing good social capital and good relation with the
surrounding communities as they were seeing the
industries as supporting their livelihoods through
sustainable development. Since 2013, after the
Companies’ Act on CSR, more companies are
coming forward to help in rural development;
more than 60% of the population reside in rural
areas and their livelihoods are vulnerable to the
impacts of climate change.

ICRISAT brings in the convergence of scien-
tific approach with social engineering, government
programmes, institutions, policies and enabling
environment for achieving good impacts. In add-
ition to the impacts on ground, ICRISAT helps in
scientific data collection, systematic documenta-
tion and dissemination. This win-win approach
for corporates and communities benefits not
only the communities and corporates but also
development researchers, policy makers and de-
velopment agencies through learnings, feedback
and evidences. There is a need to strengthen this
approach by scaling-up such science-led devel-
opment approach for CSR in other parts of the
world.

1.4 Focus of this Book

The objective of this book is to present various
efforts across India, made by different corporates

in collaboration with ICRISAT. It describes how
in each location, cutting across the sectors, both
the corporate and a research organization have
meticulously designed and executed location-
specific projects in the interest of enhancing liveli-
hoods and improving natural resource use
efficiency. The first chapter sets the stage to
understand the CSR path of development, course
corrections, policy support from the Govern-
ment of India, refinements made over the years,
key findings of the recent assessments made
by leading agencies and critical role played by
national-level corporate associations.

Chapter 2 presents why holistic solutions
are needed to effectively address the issues of in-
creasing land degradation, water scarcity and
threat of climate change to bring in sustainable
system intensification and diversification to high-
yielding, climate-smart and high-value crops.
Enhancing system productivity through crops
and livestock and services in a holistic manner
needs to be the focus rather than crops alone.
The need to strengthen the ‘Science of Delivery’
of holistic solutions to farmers is emphasized.
Capacity building of farmers involving traditional
and modern tools like information and commu-
nication technology, collectivization as producer
organization, on-farm mechanization and infra-
structure for handling, storage and transport is
the key to develop/promote significant control
measures in production and effective linkages
with the markets.

Chapter 3 deals with unabated soil degrad-
ation due to low soil organic C levels, multiple
nutrient deficiencies including micro and sec-
ondary nutrients, rising salinity and soil loss due
to erosion which jeopardize food security of
swiftly rising global population projected to be
9.7 billion by 2050. Soils also play a major role
in global C-cycling and huge C-sequestration po-
tential offers opportunities for mitigating carbon
dioxide and other greenhouse gas emissions. The
lessons learnt from the CSR pilot and scaling-up
initiatives indicated significant productivity bene-
fits with soil health mapping-based management.
The linkages of soil health and food quality are
documented. Soil health mapping-based man-
agement increased C-sequestration with higher
proportion of biomass-C and enhanced uptake
and use efficiency of nitrogen fertilizers, and
thereby reducing losses through runoff and gas-
eous emissions. Management at watershed level
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is proved as one of the most trusted approaches
to manage natural resources and reduce runoff,
soil loss and C and nutrients therein.

Chapter 4 describes the semi-arid tropical
region as primarily agrarian with the dominance
of rainfed traditional agricultural production
systems. Jawhar, a tribal block in Maharashtra
state is characterized by high rainfall, water
scarcity, degraded soils and low crop productiv-
ity. ICRISAT in collaboration with JSW has initi-
ated agricultural interventions with watershed
approach, in both Jawhar in Maharashtra and
Ballari in Karnataka. During the two-year period,
the project has demonstrated various activities
to build resilience against climate change to cope
with varying climatic risks and to improve liveli-
hoods. The interventions carried out are on con-
servation of available resources through various
measures with active community participation.
Agriculture is the main source of livelihood of
the community. Soil health management, promo-
tion of improved varieties introduction of new
crops and promotion of agronomic practices are
the major interventions carried out in the pro-
ject villages. These have taken farmers towards
the path of building resilience to cope with cli-
matic risks.

Chapter 5 explains how water plays an im-
portant role in semi-arid tropical regions to ad-
dress water scarcity, land degradation, and crop
and livestock productivity which improve the
rural livelihood system. The Charminar Brewer-
ies in Sangareddy district (formerly SABMiller;
recently merged with AB InBev) has adopted an
integrated approach to address the above issues
in nearby villages of the plant under CSR initia-
tive during 2009 to 2017 in a phased manner.
The major interventions implemented in the
project areas focused on rainwater harvesting,
productivity enhancement through soil test-
based fertilizer application, improved crop cultivars,
enriching soil organic C and improved agronomic
practices. Various ex-situ interventions have
harvested nearly 150,000 m? water every year
and facilitated groundwater recharge resulting
in increasing the water table by 0.5-1 ft across
the geographical extent of nearly 7000 ha. Fur-
ther, productivity interventions have enhanced
crop yield and cropping intensity by 30-50%
compared to baseline situation. The livestock
interventions enhanced milk yield by 1-2 I/
day/animal. The watershed programme also

introduced various income-generating activities
for women and the landless, such as distribution
of spent malt as animal feed, kitchen garden,
vermicomposting and nursery raising. The pro-
gramme has benefited nearly 5000 households
directly or indirectly and increased household
income by 210,000 to 25,000 per annum.

Chapter 6 shows the initiative by Asian
Paints Limited to improve rural livelihood through
integrated watershed development programme
in six villages in Patancheru mandal of Medak
district, Telangana, covering an area of 7143 ha.
The prime mitigation strategy for addressing
water scarcity was initiated in the project by
rainwater harvesting, efficient use of available
water resources and recycling of grey water.
Science-led interventions including soil test-
based nutrient management, and improved crop
cultivar and management practices were intro-
duced for improving crop productivity. Rainwater
harvesting structures of total water storage cap-
acity 34,000 m* were utilized for groundwater
recharge. Based on the observation, estimated
groundwater recharge due to check-dams with
total storage capacity of 12,700 m® during
2016 was 91,000 m?. The improved agronomic
practices demonstrated in farmers’ fields have
shown 30-50% increase in grain yield.

Chapter 7 emphasizes the development of
the Bundelkhand region of Central India, which
is the hot spot of water scarcity, land degrad-
ation and poor socioeconomic status. The Parasai-
Sindh watershed, comprising three villages
and covering nearly 1250 ha, was selected for
developing a benchmark site in Jhansi district,
Uttar Pradesh. ICRISAT and Central Agrofor-
estry Research Institute with CSR funding from
Coca-Cola India Foundation enabled science-led
interventions. A series of check-dams on the
main river stream were constructed which all
together developed 125,000 m’® of storage cap-
acity; this enabled groundwater recharge by
2.5 m and in turn, supported increased crop-
ping intensity by 30-50% in post-monsoon sea-
son. Fodder availability has drastically increased
and therefore milch animal population has
also increased by 30% within three years since
the project started. Improved varieties of seeds
of chickpea and wheat were introduced and
this has improved the crop yield by 30-50%. It is
estimated that watershed interventions in
pilot villages enhanced average annual family
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income from ¥50,000 to ¥140,000 in a short
span of 3—4 years.

Chapter 8 provides soil health mapping for
enhancing water use efficiency in watersheds for
sustainable improved livelihoods in Sir Dorabji
Tata Trust-supported initiative across 16 dis-
tricts of Madhya Pradesh and Rajasthan states
of India. It showed widespread deficiencies of
sulfur, boron, zinc and phosphorus. Soil test-
based balanced nutrient management showed
yield benefit of 10-40%, while the integrated
nutrient approach showed still higher yield up to
20-50% along with 25-50% saving in chemical
fertilizers. Promoting landform management en-
abled farmers to cultivate rainy season fallows
and harvest 1270-1700 kg/ha soybean. Women
mainstreaming was targeted through livelihood
options like nutri-kitchen gardens, fodder pro-
motion for livestock, seed banks, composting
and dal-processing. The initiative built capacities
of about 30,000 farmers through direct inter-
ventions and of around 4—5 times more farmers
through information dissemination.

Chapter 9 describes a scaling-up approach
in developing soil test-based fertilizer recom-
mendations at block level, supported by the Sir
Ratan Tata Trust in Jharkhand and Madhya
Pradesh. The crop yield benefit with balanced
nutrition was 27-44% in paddy, groundnut and
maize with the benefit—cost (BC) ratio varying
from 7.36 to 12.0. Balanced nutrition increased
crop productivity by 11-57% in crops like soybean,
paddy, green gram, black gram and groundnut
with BC ratio of 1.97 to 9.35. Water harvesting
through creation of farm ponds (~500) helped
in supplemental irrigation during critical crop
stages besides serving as reservoir for fish culti-
vation. The efforts towards off-season cultivation
of vegetables, crop intensification, vermicompost
units (~200) and seed bank was promoted in
pilot villages and capacity development was car-
ried out for ~15,000 farmers through direct
demonstrations and around 2-3 times more
through field days.

Chapter 10 explains innovative model of
farmer-centric watershed management in Kurnool
district, Andhra Pradesh and Vijayapura district,
Karnataka for improving rural livelihoods and
reducing degradation of natural resources.
This model, supported by Power Grid Corpor-
ation of India Limited, uses holistic approach
with science-led development in participatory

mode with farmers. The watershed interventions
have increased water availability by 25-30%, in-
creased irrigated area by 15-25%, improved
cropping intensity by 20-30%, increased crop
yields by 15-35%, increased area under high-
value crops by 10-15%, increased income, im-
proved livelihoods and reduced runoff, soil loss
and environment degradation. Innovative low-
cost village-based wastewater treatment units
were established at benchmark watersheds to
increase the water availability for irrigation and
improve the surface and groundwater quality.

Chapter 11 presents the success story the
community and farm-based rainwater conser-
vation (supported by RECL) have created a net
storage capacity of about 18,000 m* with total
conservation of about 50,000 m?*/year of surface
runoff water in Anantapur watershed of Andhra
Pradesh and 27,000 m? storage capacity with
conservation of about 54,000 m?®/year of surface
runoff water in Mahabubnagar watershed of
Telangana. Soil health improvement with soil
test-based addition of macro- and micronutrients
and C-building, and varietal replacement are
focused. The science-led management has resulted
in increasing and sustaining crop and livestock
productivity and diversification leading to in-
creased incomes to farmers.

Chapter 12 demonstrates how improved
sanitation and hygiene through proper waste-
water management is critical to sustainable
growth of rural communities. Traditional waste-
water treatment technologies experience low
penetration in these resource-poor semi-arid
tropical villages with limited or no access to
good-quality electricity and skilled supervision.
The substandard performance of wastewater
treatment efficiencies of traditional effluent
treatment plants in the urban centres are testi-
mony of their unviability in rural India. Con-
structed wetland (CW) is an age-old low-cost
decentralized wastewater treatment technology.
The absence of heavy metal and other xenobiot-
ics in rural grey water highlights their reuse
potential for growing jute, teak, etc. Lack of
field-scale study with real wastewater thus far
has made policy makers and professionals work-
ing in the sanitation sector sceptical about the
long-term reliability of CWs with respect to
wastewater treatment efficiencies. An attempt
has been made to present the potential and chal-
lenges of CW implementation.
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Chapter 13 summarizes, based on different
case studies shown in earlier chapters, livelihood
benefits and improved water use efficiency across
various CSR sites. In Northern and Central Indian
states (Madhya Pradesh, Rajasthan, Jharkhand
and Odisha) the support of Sir Ratan Tata Trust
and Sir Dorabji Tata Trust have benefited more
than 50,000 farming families directly and indir-
ectly in terms of enhancing crop productivity,
water use efficiency and enhanced farmers’
capacity about improved method of cultivation.
A net storage capacity of nearly 400,000 m? was
developed through low-cost rainwater harvest-
ing structures which is harvesting on an average
1 million m?* surface runoff annually or more
and facilitated groundwater recharge. With en-
hanced green and blue water availability, in-
creased cropping intensity was observed from
75-100% to 120-150% depending on rainfall
variability. A large amount of green water which
was unutilized before interventions (largely
monocropping system) has been utilized through
various water management interventions and
resulted in higher cropping intensity and re-
duced water footprint by 35% and additional
household income (by 30-100%). In addition to
productivity and income gains, the natural re-
source management interventions also have
helped in terms of strengthening various regula-
tory and supportive ecosystem services such as C
sequestration, reducing soil erosion and stabilizing

groundwater depletion, increasing water flow
and green cover, and reducing land degradation.
This clearly indicates a paradigm shift from low
productive and susceptible system to productive,
resilient and sustainable agroecosystem after
watershed implementation. These case studies
have also suggested that institutional issues are
very important as they are catalysts for mobiliz-
ing collective participation of the community in
managing natural resources and the key drivers
of rural livelihood improvement.

Overall, this book provides an excellent in-
sight into the early phase of CSR work under-
taken by ICRISAT-led consortium for achieving
the impacts and has gathered number of learn-
ings by working in partnership. This can benefit
development research as well as the corporates
to have a win-win proposition for improving the
livelihoods, protecting the environment and
building the skills in rural areas by undertaking
science of delivery which also serves as a feed-
back loop for the scientists to undertake the dis-
covery phase of research — demand-driven
research which will benefit the farmers.
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Notes

' The recent report on Indian philanthropy by Sheth et al. (2017) published by Bain & Company, based on
33 individual surveys and Dasra’s in-depth interviews of 23 individuals, provides an overview of recent
trends. Some of the relevant figures presented in this chapter were sourced from this report.

2 For this section on across the world, some material is sourced from Ernst & Young and PHD Chamber
(2013).

3 The 11 observer countries are: Argentina, Brazil, Chile, Egypt, Estonia, Israel, Latvia, Lithuania, Peru,
Romania and Slovenia.

4 For example, Piruz Khambatta, Chair, Sub-committee on CSR & Affirmative Action, CIl Western Region,
India & Chairman & Managing Director, Rasna Pvt. Ltd, and Meher Pudumjee, Co-chair, Sub-committee on
CSR & Affirmative Action, Cll Western Region, India & Chairperson, Thermax Global.
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Abstract

Food and nutritional security of projected population of 9.7 billion globally and 1.7 billion in India by 2050 is the
major challenge of the 21st century. Alongside the challenge is to improve farmers’ income and upgrade agricul-
ture as a business to make it attractive to the youth and generate livelihood options through value chain, as 55% of
the population in India is dependent on agriculture and allied sectors. Holistic solutions are needed to effectively
address the issues of increasing land degradation, water scarcity and threat of climate change to bring in sustain-
able system intensification and diversification to high-yielding, climate-smart and high-value crops. There is a
need to focus on enhancing system productivity through crops and livestock and services in a holistic manner
rather than crops alone. In spite of availability of game-changing technologies, the farms are far from realizing
the productivity potential mainly due to ineffective delivery of knowledge and scientific solutions. This necessi-
tates the need to strengthen the ‘Science of Delivery’ of holistic solutions to farmers. Capacity building of farmers
involving traditional and modern tools like information and communication technology, collectivization as pro-
ducer organization, on-farm mechanization and infrastructure development for handling, storage and transport
is the key to develop/promote significant control measures in production and effective linkages with the markets.
Post-production is a sector that needs to be developed for income supplements at farm level as well as agro-zone-
wise processing facilities to strengthen farming enterprise. Targeted generation of livelihood options in the pro-
cess is important for inclusive development, including mainstreaming of women.

2.1 Why a Holistic Approach?

Securing food and nutritional security is a major
challenge of the 21st century as the global
human population is projected to increase from
around 6.9 billion in 2010 to around 9.7 billion
by 2050 (United Nations, 2016). In India, popu-
lation is also rapidly growing and is expected to
reach 1460 million by 2025 and 1700 million
by 2050 in contrast to 1210 million in 2011
(FAOSTAT, 2017; Government of India, 2017).

* Corresponding author: s.wani@cgiar.org

Along with food security of the masses, another
issue in the country is that nearly 55% of the
population in India is dependent on agriculture
and allied sectors for their livelihoods; agricul-
ture, meanwhile, contributes only 15% to the
nation’s gross domestic product (Government of
India, 2016). The issue is further compounded
by degrading soil and water resources and im-
pending climate change. Vulnerability of the
rural poor to climate change is very high due to
poverty, poor infrastructure and urban centric
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development of service and manufacturing sec-
tors. Large yield gaps especially in dryland agri-
culture (Waniet al., 2003, 2011a), along with lack
of holistic approach to target system-context
productivity, value chains and market linkages
add to the plight of smallholders in the country.
There is evidence indicating that every 1% in-
crease in agricultural yields translates to 0.6%
to 1.2% decrease in the percentage of absolute
poor (Thirtle et al., 2002). So, a holistic approach
for inclusive development in rural areas is needed
that brings in agroecology-wise strategies along
with framework of implementation, monitor-
ing and evaluation for the desired impacts. Cor-
porate social responsibility (CSR) resources are
needed urgently for inclusive and sustainable de-
velopment through improving rural livelihoods
by investments in sustainable management of
natural resources.

Significant growth has been achieved in
agriculture since the green revolution, but it has
also brought uncertainty in terms of sustainabil-
ity, while there is an unfinished agenda of im-
proving productivity and income of farmers. For
example, groundwater and surface water re-
sources in India are exploited to irrigate about
44 and 21 million ha of agricultural lands re-
spectively that together cover nearly 46% of total
cultivable land (Wani et al., 2016a). The ground-
water resources have been indiscriminately ex-
ploited with withdrawal of less than 25 km?
(km? = 1 billion cubic metre) in the 1960s in-
creasing to more than 250 km? in 2008 (Shah
etal., 2009), and now threaten future sustainabil-
ity. Per capita water availability in the country
hasdecreased from 5177 m*in 1951 to 1625 m?
in 2011, with an associated decrease in per cap-
ita water availability of 1345 m? in 2025 and
1140 m* by 2050 (Wani et al., 2012b; FAOSTAT,
2017; Government of India, 2017). Even with
irrigation expansion in India, still around 4.5% of
the area by the year 2050 will continue to remain
as rainfed (Amarasinghe et al., 2007), where
water scarcity is a major limiting factor and there
are hot spot regions of poverty and malnutrition
with potential opportunities in unexploited two-
to fourfold yield gaps (Wani et al., 2009). As re-
gards the land resources, the cropping intensity
has increased from about 1.17 in the late 1960s/
early 1970s to 1.38 during 2011 and supported
enhanced food production from 74 million tons
during 1966—67 to 259 million tons during

2011-12 (Government of India, 2016). However,
mismanagement has led to widespread land
degradation such as nutrient mining and declin-
ing soil carbon levels, which is now a major hin-
drance in enhancing productivity levels. Due to
prolonged nutrient mining, drylands are depleted
not only in primary nutrients like nitrogen, phos-
phorus and potassium but also secondary and
micronutrients like sulfur, zinc, iron and boron
(Sahrawat et al., 2007, 2010; Wani et al., 2011b,
2015; Chander et al., 2013a,b,c, 2014a). There
are other important costs in terms of ecosystem
services along with stagnation of yields. Farm
productivity and resource use efficiency in both
irrigated and rainfed systems are declining over
the years, due to inappropriate water and land
management practices, water scarcity, land deg-
radation, land fragmentation, lack of access to
credit and markets, etc. (Wani et al., 2016a,b).
Further, the projected climate-change scenario
has increased the chances of water uncertainty
and land degradation, leading to the vulnerabil-
ity of food production in tropical countries like
India. This necessitates the need for holistic solu-
tions for resilience-building of production sys-
tems and livelihoods of smallholders.

2.2 Existing Death Valley
of Impact — The Main Challenge

In spite of a large number of game-changing
technologies, there are large yield gaps in farm-
ers’ fields mainly due to the lack of awareness
and access to the technologies (Wani et al.,
2017). During development of a technology, it
rarely moves ahead of proof-of-concept/pilot
stage to reach hundred thousands or millions of
farmers’ fields for a significant effect and this gap
acts like a death valley of impact for any technol-
ogy (Fig. 2.1). Multiple exogenous factors, lack
of synergy among actors and deficiencies in
technology delivery mechanisms account for
this gap. For a positive impact, the technologies
need to be customized in the local context and so
researchers can no longer remain external act-
ors, but need to engage in action research to de-
velop appropriate solutions together with
resource users (Hagmann et al., 2002). We need
to go beyond the compartmental approach for a
significant impact to emerge on the ground.
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Fig. 2.1. Pictorial representation of the life cycle of a technology. From: Wani and Raju, 2016.

2.3 Framework of Holistic Solutions

2.3.1 Inclusive market-oriented

development approach

Inclusive market-oriented development (IMOD)
represents the development pathway of the
International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT) to help the poor to
harness markets while managing risks in order
to most effectively reduce poverty, hunger, mal-
nutrition and environmental degradation across
the dryland tropics (ICRISAT, 2010). It encom-
passes harnessing markets for the poor and
managing risks (Fig. 2.2). Innovations are re-
quired that help the poor gain economies of
scale, work collectively for greater market coord-
ination and clout, achieve innovative financing,
increase technology and information flow and
application, among other challenges. Innov-
ations must also be dynamic rather than static.
They must enable and incentivize the poor to
move from left to right along the development
curve rather than the old model of static innov-
ations that may solve narrow technical problems
yet still leave them poor because they are di-
vorced from a development strategy. Further,
risks are especially high for smallholders because
they have few resources to fall back on. Risk
management requires external help through
development assistance and safety nets. As in-
comes increase through IMOD, smallholders
increasingly reinvest in building their capacities
to withstand and rebound from shocks by in-
creasing various forms of capital (social, human,
financial, institutional, environmental and others)
and become more and more resilient.

2.3.2 Integrated watershed management —
proven IMOD strategy for the drylands

Pilot studies have indicated that a participatory
integrated watershed management approach
is one of the tested, sustainable and ecofriendly
options to upgrade rainfed agriculture to meet
growing food demand along with additional
multiple benefits in terms of improving liveli-
hoods, addressing equity issues and biodiversity
concerns (Wani et al., 2012a,b, 2014). Water
and soil conservation along with improved crop
management opens up options for crop intensi-
fication and diversification, and strengthening
the value chain for market-oriented development
(Wani et al., 2012a). Comprehensive assessment
of watershed programmes in India undertaken
by ICRISAT-led consortium has also revealed
that 99% of watershed projects were economic-
ally remunerative and were silently revolution-
izing rainfed agriculture with a benefit—cost
ratio of 2, while reducing runoff by 45% and soil
loss by 2-5 tons/ha/year, increasing agricul-
tural productivity by 50% to 400%, and crop-
ping intensity by 35% (Joshi et al., 2008; Wani
etal., 2008). Additional benefits like generating
rural employment of 151 days/ha/year were also
noted. However, large scope existed for improv-
ing the performance of 68% of the watershed
projects, which were performing below average.
Programmes adopted uniform technologies,
presuming that one size fits all. This resulted in
good performance in only 700 to 1000 mm rain-
fall ecoregions, and the need for different strat-
egies was indicated for low- and high-rainfall
zones. There is also a need to consider climatic
variability such as frequency of occurrence of
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Fig. 2.2. Inclusive market oriented development pathway. From: ICRISAT, 2010.

extreme events while designing water-harvesting
protocols. Experiences suggest that the imple-
mentation unit for watershed should be a micro-
watershed (5000 to 10,000 ha), which can be
further integrated for planning purposes into
meso- and macro-watersheds and subsequently
to subbasin and basin levels.

2.3.3 Strengthening the science
of delivery of holistic solutions

Despite a large network of research and develop-
ment institutions, there are serious deficiencies
in the delivery of knowledge and scientific solu-
tions to the farmers. Private companies and
dealer networks mainly cover this gap to provide
information on inputs such as crop seeds and
varieties, pesticides, fertilizers, etc., but in most
cases may not be well informed and may be
guided mostly by business interests. Timely ac-
cess to quality inputs like seeds and micronu-
trients is a limiting factor. Infrastructure for
precise and thorough diagnosis of soil health is
poorly developed. In the vast network of labora-
tories established, most are half-functional or

dysfunctional and cost-ineffective and rarely the
laboratories are equipped for thorough analysis
of macro and micronutrients and other chem-
ical, physical and biological parameters. Fur-
ther, farmers rarely get information in time and
mostly in a format that they fail to understand.
Climate change scenario (Kesava Rao and Wani,
2016) requires reorientation of management
practices as effective adaptation and mitigation
strategies. Different geographies are likely to ex-
perience changes in length of growing period,
rainfall pattern, water scarcity, soil erosion, loss
of soil carbon and nutrients, emergence of new
pests and diseases, etc. A weak delivery system
threatens not only our food security but also live-
lihoods of smallholders especially in the drylands.

In view of current and emerging chal-
lenges, there is a strong need for strengthening
the ‘Science of Delivery’ to ensure benefits of sci-
ence to farmers in the country. It encompasses
collective action among knowledge-generating
and knowledge-disseminating institutions in
public and private sectors, enhancing access to
timely knowledge and inputs along with neces-
sary policy orientation. Bhoochetana, in Karna-
taka state of India, is an exemplary initiative of
showcasing the ‘Science of Delivery’ of innovative
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technologies. The concept of ‘4 Cs’ was adopted
in the project (Wani, 2016). The first C is ‘Con-
sortium’ of research, education and field-based
agencies to implement this programme effectively
at ground level. The second C is ‘Convergence’
within the department schemes and other pro-
grammes. The third Cis ‘Capacity building’ of the
consortium partners, farm facilitators, lead farm-
ers and other stakeholders. The fourth C is ‘Col-
lective action’ at all levels during programme
implementation in a mission mode. Apart from
adopting ‘4 Cs’ concept, efforts were also made
to ensure that the ‘4 Es’ — efficiency, economic
gain, equity and environment protection — were
also achieved at ground level.

There is a strong need of rejuvenating exten-
sion system with innovations to keep pace with
current challenges and aspirations of people.
Information and communication technology
(ICT) has an important role in scaling-up the site-
specific technologies. As an example in the
Bhoochetana initiative in Karnataka, an App
called Krishi Gyan Sagar was developed to provide
up-to-date knowledge to the extension and pa-
ra-extension workers in the local language as
well as in English using tablets, smartphones and
the web. This app had modules for plant protec-
tion and site-specific fertilizer recommendations,
so proved quite effective in scaling-up the
site-specific fertilizer recommendations. Farm-
er-to-farmer knowledge-sharing videos are an-
other effective ICT tool. With a strong mobile
phone network of nearly 500 million subscribers
and the internet (>150 million internet users)
spreading rapidly in rural India, these ICT-based
tools can play a pivotal role in dissemination of
real-time quality information and knowledge to
farmers. Initiatives like Digital India and Soil
Health Card schemes open up a serious oppor-
tunity for the use of ICT tools in agriculture. In-
vesting in the ‘Science of Delivery’ of knowledge
and timely access to inputs needed is the key to
ensure food and nutritional security of the country.

2.4 Holistic Solutions for Impact
2.4.1 Rainwater conservation

Water is the major driver for food production.
Efficient rainwater management especially in

drylands is the key to alleviate severe water
scarcity. In-situ water conservation (green water
augmentation) is very important and contrib-
utes major share as globally green water used for
food production is threefold more (5000 km?/year)
than blue (irrigated) water (1800 km?3/year). In
integrated watershed management, the first and
topmost priority is in-situ moisture conservation
by adopting appropriate landforms (contour cul-
tivation, bunding including gated bunds, broad-
bed and furrow, ridge and furrow, tied ridges,
dead furrows, etc.), soil organic matter amend-
ments, mulching, canopy management and other
practices.

Runoff rainwater is harvested in various
ex-situ water harvesting structures at commu-
nity and farm levels depending on the runoff
and soil strata. Due focus needs to be given to
rainwater harvesting at farm level as a drought
proofing strategy in the drylands. Pilot studies in
drylands of Andhra Pradesh and other sites in-
dicate that small low-cost farm ponds provide
access to water for critical irrigation during
drought and check yield losses up to 20-60%
(see Chapter 11, this volume; ICRISAT, 2015;
Dryland Systems, 2016), and also facilitate other
farm operations like growing vegetable gardens,
composting, etc. Realizing the benefits, the con-
cept is catching up with policy makers and don-
ors. The Government of Andhra Pradesh has
piloted the construction of about 600,000 farm
ponds during 2016-17. Similarly, by 2016-17
in the state of Karnataka, storing runoff rain-
water from the farmer’s field and using stored
water for crops has been promoted under the
Krishi Bhagya scheme with over 100,000 farm-
ers. The Jalyukt Shivar scheme in Maharashtra
aims to make 5000 villages free of water scarcity
every year through digging of farm ponds and
other water conservation works. Understanding
the farm-level focus, the Government of India
scheme, Har Khet Ko Pani ‘Pradhan Mantri Krishi
Sinchayee Yojana (PMKSY)’, has been formulated
with the vision of extending the coverage of irri-
gation and improving water-use efficiency with
end-to-end solutions on source creation, distri-
bution and field application. Focused extensive
efforts from all stakeholders including CSR part-
ners are needed in this direction for drought-
proofing of dryland farmers.

There is increasing evidence in the watershed
sites that different interventions are effective in
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reducing rainwater runoff and the associated
soil loss and improving groundwater recharge
and other ecosystem services for human well-
being (Joshi et al., 2005; Wani et al., 2011b,
2012a,b, 2014; Garg and Wani, 2013). In case
of the Kothapally watershed pilot study in Telan-
gana state, the soil loss in untreated area was
3.48 t/ha, while in treated watershed it was 1.62
t/ha only. Similarly, in the ICRISAT on-station
watershed, long-term mean data shows soil loss
of 6.64 t/hain untreated area and only 1.60 t/ha
in treated area.

In the present scenario, there is also an ur-
gent need to develop a policy framework to gov-
ern the use of groundwater resources. Aquifer
mapping and recharging needs to be undertaken
on a priority basis. Also, groundwater quality
deterioration with increased heavy metals, pesti-
cides and salinity is a point of concern. Such
problem areas need urgent attention.

2.4.2 Enhancing water-use efficiency

Pilot studies have shown that various watershed
interventions enhanced productive transpiration
and increased rainwater use efficiency for crop
production by 13-160% (Wani et al., 2012a).
Enhancing the water-use efficiency and minimiz-
ing the unproductive evaporation loss of water
through micro-irrigation (MI) systems (sprinklers
and drip) is also a major opportunity in India
(ICRISAT, 2016). Properly designed and managed
MI systems can save up to 40-80% of water
through increased water use efficiency up to 100%
when compared to a mere 30-40% under the con-
ventional surface irrigation system (Palanisami
etal., 2011). In India, total potential area cover-
age under MI is about 42 million ha through
groundwater resources (Wani et al., 2009;
Palanisami et al., 2011). Of this, about 30 million
ha area is suitable for sprinkler irrigation for
crops like cereals, pulses and oilseeds in addition
to fodder crops, and 12 million ha for drip irriga-
tion for cotton, sugarcane, fruits and vegetables,
spices, condiments and some pulse crops like
pigeonpea, etc. The percentage of actual area
against the potential area estimated under drip
irrigation in different states ranges from negli-
gible in Nagaland to as much as 50% in undiv-
ided Andhra Pradesh (presently Andhra Pradesh
and Telangana state), followed by Maharashtra

(43%) and Tamil Nadu with 24% (Palanisami
et al., 2011). In case of sprinkler irrigation, the
percentage of actual area against the potential
area estimated was as low as 0.01% (Bihar) and
the highest was 52% (Andhra Pradesh). Com-
pared to the potential of 42 million ha in the
country, area under MI during 2011 was only
3.87 million ha (1.42 million ha under drip and
2.44 million ha under sprinkler) which is about
9% of the entire potential, which shows huge
scope to harness the full potential.

2.4.3 Soil health

In view of widespread multiple nutrient defi-
ciencies in Indian soils and exemplary impact
seen under the Bhoochetana initiative in Karnataka
and pilot sites across India, soil health mapping-
based fertilizer management is a proven low-
hanging entry point intervention for improving
productivity and livelihoods, while strengthening
the basic soil resource base. Under the Bhoochet-
ana, the strategies to rejuvenate farm soil health
through balancing the deficient micro- and sec-
ondary nutrients along with primary nutrients
have shown 20% to 70% higher food production
(Wani, 2012; Wani et al., 2013; Chander et al.,
2016; ICRISAT, 2016). Even in comparatively
drier years, application of balanced nutrients
through including micro- and secondary nutri-
ents significantly increased grain yield and
aboveground dry matter which provides resili-
ence against drought and food security (Uppal
et al., 2015). During 2009 to 2013, more than
5 million farmers benefited and net economic
benefits through increased production were esti-
mated as US$353 million (1963 crore). Taking
the lead, the Government of Andhra Pradesh
has also initiated the Rythu Kosam initiative with
soil health rejuvenation as low-hanging tech-
nology to harness and build on it to improve pri-
mary-sector productivity and profitability along
the value chain. Nutrient depletion also affects
the quantity and quality of crop residue (Bliim-
mel et al., 2009a,b; Haileslassie et al., 2011),
which has an important role as feed components
in the dominant mixed crop-livestock systems,
and thereof affects the potential milk yield as
high as 40% (Haileslassie et al., 2013). There is also
evidence of relation of soil quality and balanced
fertilization with food quality, especially in terms
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of micronutrient contents (Sahrawat et al., 2008,
2013; Chander et al., 2013b) with a great scope
to have widespread impact in reducing malnu-
trition in women and children, which is an im-
portant global issue. Integrated management of
soil health not only increases food and nutritional
security but also renders ecosystem benefits
through increasing carbon sequestration, nutri-
ent nitrogen and phosphorus use efficiency and
decreasing fertilizer-based pollution (Wani et al.,
2003; Chander etal., 2014b), and thereby ensures
sustainability.

As smallholders dominate Indian agricul-
ture and considering the practical difficulties, soil
health mapping can be effective when adopted as
a national strategy (Wani et al., 2016b). Uni-
form sampling guidelines to collect samples in
grids representing effectively the topography, soil
texture, soil colour, farm size, cropping systems
and management practices are important. In
order to ensure quality, protocols and processes
for accreditation of laboratories assume import-
ance. The quality assurance standards as well as
mechanisms to ensure quality analysis by the
accredited labs by empowering leading institu-
tions are important. Soil test-based fertilizer re-
commendations including deficient micro- and
secondary nutrients should be developed at block
(cluster of villages) level. Subsequently, village-
and farmer-based recommendations should be
made as awareness develops among the farmers,
and the government is geared up to handle know-
ledge dissemination for villagers and individuals.
Taking into account the benefits of integrated
nutrient management, incentives are required
to promote the use of organic manures as well as
biofertilizers. There is an urgent need to look
at policies and innovative institutional arrange-
ments for ensuring quality supply of biofertilizers
and organic manure to the farmers by recycling
organic wastes generated both in urban and
rural areas. As an example, crops like pigeonpea,
cotton, maize, pearl millet and sorghum grown
in around 37 million ha in India produce more
than 100 million tons hardy straw biomass per
year, which has little economic value or effective
alternate use by farmers. This biomass is a poten-
tial opportunity to recycle plant nutrients worth
more than ¥3000 crore per year through in-
novations in arranging shredders for chopping
biomass on sharing basis and promoting accel-
erated vermicomposting technologies or aerobic

composting which prove to be economically
remunerative from the first year. Along with
mapping for potential recyclable biomass, regions
with current low chemical fertilizer use could
also be prioritized and promoted as niche areas
for organic farming without compromising with
yield and harnessing premium price for the
farmers. From sustainability point of view, land
use planning based on land and agroecological
capability is important and it can be promoted
through incentivizing the farmers to adopt the
recommended cropping system and applying
penalties in terms of not providing the incen-
tives and market support for crops that are not to
be grown in a given agroecoregion.

2.4.4 Crops and cropping systems
management

India has varying agroecologies from arid and
semi-arid to subhumid and humid tropics with
rainfall varying from 166 mm at Jaisalmer to
11,873 mm at Mawsynram, Meghalaya (Wani
et al., 2016a). In addition, soil types range from
sandy soils in the desert to clayey to peat soils.
The huge potential of these varying agroecolo-
gies can be harnessed through science-led plan-
ning and development, which would ensure
sustainability as well as profitability to farmers,
and ensuring food and nutritional security to
the country. However, such land-use planning
could be promoted through incentivizing farm-
ers to adopt recommended cropping system and
adopting coherent policies. Further evidence is
emerging that climate change is making the
rainfall variability more intense with increased
frequency of extreme events such as drought
and floods. Shifts in agroclimates observed
(Kesava Rao and Wani, 2016) may necessitate re-
delineation of agro-eco-zones for effectives plans.

Most of the crop production systems in the
country are characterized by low-yielding var-
ieties and varietal replacement of cereals, pulses
and oilseeds is an important opportunity to en-
hance food security and improve farmers’ incomes
(Chanderetal., 2016; Sawargaonkar et al., 2016).
Studies have shown a productivity advantage of
30-140% through using improved high-yielding
cultivars and 1 rupee spent on improved variety
seed resulted in an additional return of ¥3-50 in
crops like finger millet, sorghum, pearl millet,
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groundnut, soybean, castor, pigeonpea and
chickpea (Chanderetal., 2013c, 2016). Strength-
ening the seed systems along with decentralized
on-farm seed production may be the key. Through
addressing the issues of water and soil, policy
support for market-led shift to high-value agri-
culture will empower smallholders economically,
while enhancing food diversity (Chander et al.,
2013a).

Cropping system management to meet
shortfall of protein needs of human diets in India
through enhancing pulses production is also a
priority area. Pulses are considered very import-
ant sources of proteins, vitamins and minerals,
and are popularly known as ‘poor man’s meat’
and ‘rich man’s vegetable’. They contribute sig-
nificantly to the nutritional security of the coun-
try. In a short term of 3-5 years, the country
needs to be made self-sufficient by intensification
of area under pulses (~5 million ha rice fallows
and increasing cropping intensity through inter-
cropping). Efforts need to be made on intensifica-
tionin pulses area through increasing productivity
by scaling-up high-yielding cultivars, mechan-
ization and efficient use of soil, water and nutri-
ents, while simultaneously focusing on breeding
lines to develop stress tolerant high-yielding cul-
tivars to make pulses production systems cli-
mate resilient, profitable and sustainable to meet
the growing demand in the country. Post-rainy
fallow regions are potential opportunities for
pulse revolution. Considerable amount of green
water is available after the monsoon in these rice
fallow systems, which could be easily utilized by
introducing a short-duration legume crop with
simple seed priming and micronutrient amend-
ments (Kumar Rao et al., 2008; Wani et al., 2009;
Singh et al., 2010). Of the 14.29 million ha
(30% of rice-growing area) rice fallows avail-
able in the Indo-Gangetic Plains, spread across
Bangladesh, Nepal, Pakistan and India, about
11.4 million ha (82%) are in the Indian states of
Bihar, Madhya Pradesh, Chhattisgarh, Jharkhand,
West Bengal, Odisha and Assam (Subba Rao
et al., 2001). Taking advantage of the suffi-
ciently available soil moisture, after harvesting
rice crop, during the winter season in eastern
India, growing early maturing chickpea with
best-bet management practices provides oppor-
tunity for intensification (Harris et al., 1999;
Kumar Rao et al., 2008). An economic analysis
has shown that growing legumes in rice fallows

is profitable for farmers with a benefit—cost ratio
of more than 3 for many legumes. In addition,
utilizing rice fallows for growing legumes could
result in generating 584 million person-days
employment for South Asia in addition to mak-
ing India self-sufficient in pulses production.
Along with rice fallows, rainy season fal-
lows are another opportunity for intensification
and improving farm-based livelihoods. Vertisols
and associated soils which occupy large areas
are traditionally cultivated during the post-rainy
season on stored soil moisture. Due to poor infil-
tration rates and waterlogging, farmers face dif-
ficulties in cultivating such lands during the
rainy season. It is perceived that the practice of
fallowing Vertisols and associated soils in Madhya
Pradesh has decreased after the introduction of
soybean. However, 2.02 million ha of cultivable
land is still kept fallow in Central India, during
kharif (rainy) season (Wani et al., 2002; Dwivedi
etal., 2003). Vertisols with good moisture-holding
capacity can be used to grow short-duration
soybean by adopting reliable land management
practices along with a good post-rainy season
crop (Dwivedi et al., 2003; Wani et al., 2016c).

2.4.5 Inclusive system-context

development

Inclusive system-context development signifies
improving not only crop productivity but also
the system productivity as such from agricul-
ture, horticulture, animal husbandry and non-
farm sector to improve overall income of farmers.
This concept focuses on identifying and develop-
ing resilient, diversified and more productive
combinations of crop, livestock, rangeland,
aquatic and agroforestry systems that increase
productivity, reduce hunger and malnutrition,
and improve the quality of life of the rural people.
Customized innovative technological solutions
are needed for enhancing system productivity.
The major focus of CSR pilot site activities in gen-
eral is on not only productivity enhancement
and value chain in agriculture but also targeting
horticulture plantations in marginal lands and
fodder promotion for livestock among other
site-specific interventions.

Inclusive development focuses on not only
landholders but also the landless, including the
mainstreaming of women through developing
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livelihood options along the value chain. Liveli-
hood approach is the main pillar for integrated
watershed management to improve family in-
come as well as food and nutritional security.

2.4.6 Modernizing agriculture: on-farm
mechanization

How to attract youth to agriculture and promote
agribusiness? This is the most important issue in
agriculture. Mechanization in modern agricul-
ture is essential to do away with the drudgery
and to improve operational efficiency of farms.
On-farm mechanization is a scalable technology
to improve productivity and income through
efficiency in on-farm operations like sowing, in-
terculture, harvesting and threshing. Studies in-
dicate that increase in power availability results
in an increase in crop intensity and productivity,
envisaging the importance of mechanization in
improving farm-based livelihoods. The scope of
mechanization is demonstrated in pilot sites
through various low-cost machinery on a shar-
ing basis like the tropicultor for sowing operations
on a raised landform, shredders for chopping bio-
mass, easy planters for vegetable transplanting,
seed grading machines, groundnut dry/wet pod
threshers, etc.

2.4.7 Value chain

Agriculture is a disorganized industry with little
control over production. Science and technology
along with modern business management are
needed to bring in such control features in this
enterprise. Development of handling, storage
and transport infrastructure is need of the day
for effective handling of markets by the farmers.
Post-production is an area which is mostly
neglected and is in infancy. Primary processing
at farm/village level along with zone-wise cen-
tralized processing facilities may contribute
significantly in strengthening the farm sector.
A favourable policy and collective effort by gov-
ernment, private sector, and research and devel-
opment institutions are needed for the desired
change. The terms of trade which are generally
biased towards farming sector need to be reex-
amined and brought in line with other sectors.

2.4.8 Collectivization: farmer producer
organizations

The small size and little bargaining power of
farmers in the country is the major cause for
most of the problems. Hence, collectivization of
producers, especially small and marginal farmers,
into farmer producer organizations (FPOs) has
emerged as one of the most effective pathways to
address the many challenges of agriculture like
improved access to investments, technology, in-
puts and markets. The FPOs may enable reaping
the benefits of economies of scale, reduce the
transaction costs, improve profit margins and ef-
fectively manage risks and uncertainties. How-
ever, strong stewardship for capacity building
and strengthening the knowledge base of farm-
ers along with help in formulating good business
plans and management will be needed for the
success. The Government of Andhra Pradesh
along with ICRISAT as technical partner is pro-
moting FPOs under Rythu Kosam as a possible
mechanism to intervene at farmer level to aggre-
gate the produce and increase the collective in-
comes of the farming community in agriculture,
horticulture, fisheries and dairy sectors.

2.4.9 Capacity building and innovative
extension system

One of the reasons for large yield gaps between
current yield and the potential yield that re-
searchers achieve in a pilot site is the knowledge
gap between ‘What to do’ and ‘How to do it’. In
spite of a number of new/improved technologies
and products available at research institutes and
state agricultural universities, farmers continue
to do their business in a traditional manner. The
reasons are multifarious as the current know-
ledge delivery system, i.e. extension system, is
inefficient and does not benefit the farmers. As
per a recent national sample survey, over 59% of
the farm households received no assistance from
either government or private extension services
(NSSO, 201 3). Therefore, there is an urgent need
to reform the knowledge delivery systems in the
states and the country by using innovative part-
nerships, tools, approaches and methods.

The CSR pilot and scaling-up experiences
demonstrated that the information delivery
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mechanism can be strengthened by utilizing the
services of practising farmers in the villages
through farmers’ field schools and farmer facili-
tators who stay in the villages for most of their
time, unlike external experts who visit villages
once in a while. The mix of tools like soil health
cards, leaflets, wall writings, awareness campaigns,
media, learning sites, farmer-to-farmer videos,
pico projectors and ICT tools like mobile and
internet facility have proved very effective in dis-
seminating improved management options in
the watersheds. With increasing connectivity
through Digital India initiative of the Govern-
ment of India, there is wide scope for decision
making, monitoring, impact analysis and know-
ledge dissemination for resource optimization in
agriculture and allied sectors using ICT. As trained
human resource is a major constraint in the
agricultural extension system, various ICTs are
available which can bridge the gap between
farmer and knowledge generator. Rapidly evolv-
ing information technology industry and a fa-
vourable environment for ICT in agriculture are
giving a great boost to agricultural extension in
India. Coordination among government and pri-
vate companies is needed by developing or bring-
ing them on to a common platform. Moreover,
scientific tools such as GIS (geographical infor-
mation system), remote sensing and systems
modelling can be integrated and used effectively
to benefit farmers. Better agro-advisory services
for crop production, markets and other issues
may benefit farmers a lot. Agromet Advisory Ser-
vices can be successfully rendered if the forecasts
can be interpreted properly for taking on-farm
decisions and educating farmers continuously.
Currently, agrometeorology advisory content is
limited to SMS (short message service)-based sys-
tem. In future, innovative tablet-based or email-
based agromet advisories along with detailed
information as wall writings in local language
need to be promoted. A consortium of partners
comprising of India Metorological Department,
national and state research organizations, state
agricultural universities, international research
organizations, government departments, non-
governmental organizations (NGOs) and com-
mercial companies (related to seed, fertilizer and
plant protection) is needed for ensuring a better
advisory service and identifying suitable adapta-
tion strategies. An alternate cropping plan, crit-
ical inputs such as seeds, fertilizers, pesticides,

manures and postharvest strategies such as go-
downs, cold storage and marketing information
should be made available through information
centres at the state and district levels with a 24/7
toll-free number to avail of the services.

The CSR pilot and scaling-up experiences
proved that enhancing partnerships and institu-
tional innovations through the consortium ap-
proach is the major impetus for harnessing
the potential of community watershed manage-
ment to reduce poverty and environmental
degradation. The underlying element of the con-
sortium approach is to engage a range of actors
to harness their strengths and synergies with
the local community as the primary implement-
ing unit. Through the consortium approach,
complex issues can be effectively addressed by
the joint efforts of key partners like national
agricultural research system, NGOs, government
organizations, international institutions, agri-
cultural universities, community-based organ-
izations and other private-interest groups, with
farm households as the key decision makers.
Thus, the consortium approach brings together
the expertise of different areas to expand the ef-
fectiveness of the various watershed initiatives
and interventions. The public—private partner-
ship (PPP) is an effective strategy to minimize
transaction costs and to coordinate and enforce
relations between the partners engaged in pro-
duction of goods and services.

Working on ‘seeing is believing’, pilot sites
of learning need to be developed in each district
as exemplary sites for training as well as develop-
mental purposes and CSR pilot sites are serving
well. Such sites of learning need to be developed
by the scientific institutions by adopting the con-
sortium approach and building PPP. These sites
of learning would also provide field laboratories
for undertaking strategic research in the area of
management strategies as well as impact assess-
ment, monitoring and evaluation studies.

2.5 Summary and Key Findings

Ensuring food and nutritional security of the
burgeoning population in India is a big chal-
lenge for the country. From the food point of
view and mainstreaming of smallholders, the
focus on drylands, which were bypassed during
the green revolution, is now inevitable. There
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are large and economically exploitable yield gaps
in the drylands, which can be easily bridged with
current levels of technologies if holistic and
integrated soil-crop-water-livestock-related so-
lutions adapted to local conditions are made
available to farmers. The ‘Science of Delivery’,
involving timely end-to-end collective action
along the value chain is the way forwards. There
is an urgent need to transform rainfed agricul-
ture, not only for increasing agricultural pro-
duction and profits, but also to make it attractive
for youth and women as a respectable profes-
sion by using scientific tools for mechanization,

knowledge sharing, establishing market linkages
and value addition. Such practices ensure a lar-
ger share of benefits through retaining processing
in the villages with substantially increased in-
vestments, enabling policies and institutions.
Projects such as Bhoochetana in Karnataka and
Rythu Kosam in Andhra Pradesh are examples
of scaling-up initiatives and harnessing benefits
for the farmers. At the country level, such ini-
tiatives need to be scaled-up through innova-
tive technology-driven institutional mechanisms
with decentralized accountability for achieving
large-scale impacts.
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Abstract

Unabated soil degradation due to low soil organic carbon (C) levels, multiple nutrient deficiencies including
micro- and secondary nutrients, rising salinity and soil loss due to erosion jeopardizes food security of swiftly ris-
ing global population projected to be 9.7 billion by 2050. Soils also play a major role in global C cycling and huge
C sequestration potential offers opportunities for mitigating carbon dioxide and other greenhouse gas emissions.
The lessons learnt from CSR pilot and scaling-up initiatives indicated significant productivity benefits with soil
health mapping-based management. The linkages of soil health and food quality are documented. Soil map-
ping-based management increased C sequestration with higher proportion of biomass C and enhanced uptake
and use efficiency of nitrogen fertilizers, and thereby reducing losses through runoff and gaseous emissions.
Management at watershed level is proved as one of the most trusted approach to managing natural resources and

reducing runoff, soil loss and C and nutrients therein.

3.1 Why Soil Health, Carbon and
Greenhouse Gases are Important

Soils are fundamental to life on Earth and careful
soil management is one essential element of sus-
tainable agriculture and also a valuable lever for
climate regulation and a pathway for safeguard-
ing ecosystem services. Soils provide ecosystem
services categorized into four broad classes:
provisioning; regulating; supporting; and cultural
services (Table 3.1). Provisioning services refer
to the products obtained of direct benefit to people;
regulating services to the benefits obtained from

* Corresponding author: g.chander@cgiar.org

the regulation of ecosystem processes; supporting
services are necessary for the production of all
other ecosystem services (their impacts on people
are often indirect or occur over a very long time);
and cultural services refer to non-material bene-
fits which people obtain from ecosystems (FAO
and ITPS, 2015).

As defined in the World Soil Charter, sus-
tainable soil management comprises activities
that maintain or enhance the supporting, pro-
visioning, regulating and cultural services
provided by soils without significantly impair-
ing either the soil functions that enable those
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Table 3.1. Ecosystem services provided by the soil, and soil functions that support these services.
From: FAO and ITPS (2015).

Ecosystem service Soil function
Provisioning
Food supply Providing water, nutrients and physical support for growth of plants

for human and animal consumption

Providing water, nutrients and physical support for growth of plant for
bioenergy and fibre

Providing habitat for soil animals, birds, etc.

Source of unique biological materials

Provision of topsoil, aggregates, peat, etc.

Supporting human habitations and related infrastructure

Retention and purification of water

Fibre and fuel supply

Refugia
Genetic resources
Raw earth material supply
Surface stability
Water supply
Regulating
Climate regulation
Water quality regulation

Regulation of CO,, N,O and CH, emissions

Filtering and buffering of substances in soil water

Transformation of contaminants

Regulation of water infiltration into soil and water flow within the soil

Drainage of excess water out of soil and into groundwater and surface
water

Retention of soil on the land surface

Water supply regulation

Erosion regulation
Supporting

Soil formation Weathering of primary minerals and release of nutrients
Transformation and accumulation of organic matter
Creation of structures (aggregates, horizons) for gas and water flow

and root growth

Creation of charged surfaces for ion retention and exchange

Nutrient cycling

Transformation of organic materials by soil organisms

Retention and release of nutrients on charged surfaces

Primary production

Medium for seed germination and root growth

Supply of nutrients and water for plants

Cultural
Aesthetic and spiritual

Preservation of natural and cultural landscape diversity

Source of pigments and dyes

Heritage

Preservation of archaeological records

services or biodiversity. Major threats to soil
functions include nutrient imbalances, soil
organic carbon (C) loss, soil erosion, saliniza-
tion, soil acidification, soil contamination, soil
compaction, waterlogging, soil sealing and
loss of soil biodiversity.

In recent times, increasing land degradation
is one of the major challenges and debatable topic.
‘Land degradation’ refers to a temporary or per-
manent decline in the productive capacity of the
land, or its potential for environmental manage-
ment. The most important on-farm effects of
land degradation are declining potential yields
or need to use a higher level of inputs in order to
maintain yields. The unabated land degradation
jeopardizes food security of swiftly rising popu-
lation. The world population of 7.2 billion in

mid-2013 is projected to increase to 8.2 billion
by 2025, 9.7 billion by 2050, and to rise to 10.9
billion by 2100 (UN, 2016). Carbon storage is an
important ecosystem function of soils that has
gained increasing attention in recent years due
to its direct relation with soil health and mitiga-
tion potential of greenhouse gases (GHGs). There
are major opportunities for mitigation of carbon
dioxide (CO,) and other GHG emissions through
changes in the use and management of agricul-
tural lands by maintaining or increasing stocks
of organic C in soils (and biomass), and reduced
emissions by the agricultural sector itself (Paus-
tian et al., 1998; Whitmore et al., 2014). Ineffi-
cient nitrogen (N) fertilizer-related pollution is
an issue of concern worldwide. Nitrogen fertil-
izer inputs in excess of crop requirements are
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linked to the enhanced release of nitrous oxide
(N,0), a GHG 300 times more potent than CO,,
and agricultural soils are the dominant source,
contributing over 80% of global anthropogenic
N,O emissions during the 1990s. Nitrous oxide
emissions from agricultural soils are projected to
increase from just over four million tons N,O N
per year in 2010 to over 5 million tons N,0 N per
year by 2030.

The impact of land degradation is especially
severe on livelihoods of the poor who heavily de-
pend on natural resources. The annual cost of land
degradation at the global level was about US$300
billion (Nkonya et al., 2016). Sub-Saharan Africa
accounts for the largest share (22%) of the total
global cost of land degradation. The analysis of
the cost of land degradation across the type of
ecosystem services shows that 54% of the cost is
due to the losses in regulating, supporting and
cultural services which are considered as global
public goods. And hence reversing land degrad-
ation trends while improving C footprints and
reducing GHG emissions definitely makes eco-
nomic sense with multiple social and environ-
mental benefits.

3.2 How Soil Health and Ecosystem
Service Issues are Aggravated

According to the National Bureau of Soil Survey
and Land Use Planning (2005) assessment during
2004, ~146.8 million ha is degraded. Erosion is
the most serious degradation problem in India
covering around 93.7 million ha under water ero-
sion and 9.5 million ha under wind erosion. In-
appropriate land and water management practices
in agriculture along with other human interven-
tions like land clearing and careless management
of forests, deforestation, overgrazing, surface min-
ing, industrial development, etc. contribute to
erosion problem. Further, in the post-Green Revo-
lution era, nutrient mining along with imbalanced
use of fertilizers has created multiple nutrient
deficiencies which threaten sustainability. Soil
fertility degradation coupled with indiscrimin-
ate use of N fertilizers is a major factor for low N
use efficiency and losses in runoff and as GHG
emission. Imbalanced use of fertilizers arises due
to fertilizer subsidy, inadequate availability of
the required fertilizers at the stipulated time in

rural areas and lack of knowledge among farm-
ers as to what nutrients are required by the
crops and what is missing in their land. Due to
cheaper chemical fertilizers, farmers have moved
away from using organic manures, which
has led to depletion of soil organic C also. The
public infrastructure for soil analysis is also
poorly developed and farmers rarely get quality
information in time. A fragmented approach to
soil analysis has restricted analysis to only
macronutrients. Over-exploitation of ground-
water has also emerged as one of the major fac-
tors contributing to secondary salinization. Out
of 42 million ha irrigation through ground-
water sources in the country, the surveys indi-
cate that poor-quality waters being utilized in
different states are 32—-84% of the total ground-
water development (Dagar, 2005). Such in-
crease in irrigated area as envisaged would lead
to secondary salinization consequentially lead-
ing to estimated 16.2 million ha salt affected
area by 2050.

3.3 Soil Degradation Challenges
in General and in CSR Sites

Increasing soil degradation, if not addressed
properly, poses grave challenge to the realization
of ambitious Sustainable Development Goals
(SDGs), a set of seventeen aspirational ‘Global
Goals’” with 169 targets between them (Wani
etal., 2015; UN, 2017). The SDGs came into ef-
fect in January 2016 and are largely intercon-
nected. Soil degradation and related issues pose
direct challenges in realization of certain goals
like — no poverty; zero hunger; good health and
well-being; clean water and sanitation; climate
action; and life on land.

At global scale, out of 8.7 billion ha of agri-
cultural land, pasture, forest and woodland,
nearly 2 billion ha (22.5%) have been degraded
since mid-century (Scherr and Yadav, 1996).
Nearly half of this vegetated area is under for-
est, of which about 18% is degraded; 3.2 billion
ha are under pasture, of which 21% is degraded;
and nearly 1.5 billion ha are in cropland, of
which 38% is degraded. Overall, water erosion
is the principal cause of degradation and wind
erosion is an important cause in drylands and
areas with landforms conducive to high winds.
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Chemical degradation such as nutrient loss and
salinization, a result of cropping practices, ac-
counts for a smaller overall proportion of de-
graded lands, but more than 40% of cropland
degradation. Degradation of cropland appears
to be most extensive in Africa, affecting 65% of
cropland area, compared with 51% in Latin
America and 38% in Asia (Scherr and Yadav,
1996).

The pilot studies supported by seven corpor-
ate social responsibility (CSR) projects across eight
statesin India, viz. Andhra Pradesh, Jharkhand,
Karnataka, Madhya Pradesh, Maharashtra,

Odisha, Rajasthan and Telangana (Fig. 3.1),
showed still higher soil degradation compared
to in general 40% of cropland degradation glo-
bally under chemical degradation (Table 3.2).
Soil organic C is an indicator of general soil
health and most fields (5-87% fields with low C
levels across pilot sites) are detected with low
soil organic C. Low soil organic C also indicate N
deficiency. Available phosphorus (P) deficiency
ranged between 10% and 89%, while potassium
(K) is not an issue of concern in most fields
adequate in it except pilot sites in Jharkhand.
Along with macronutrients, there are widespread

Fig. 3.1. Pilot sites supported under CSR projects across eight states in India: Andhra Pradesh,
Jharkhand, Karnataka, Madhya Pradesh, Maharashtra, Odisha, Rajasthan and Telangana.



Table 3.2. Percentage of farm fields found deficient in available nutrients and having low levels of soil organic carbon (C) across CSR pilot sites in India.

%

% deficiency

samples
. o W!th low EC K S Ca Mg Zn B Fe Cu Mn No. of
CSR project State District Mandal/Taluk/Block  soilorgC pH (dS/m) samples
Asian Paints Telangana Medak Patancheru 59 806 044 10 03 1 0 6219 1 0 O 189
Asian Paints Maharashtra Satara Khandala 52 - 020 26 38 0 O 7667 5 0 O 324
Jindal South Karnataka Bellary Sandur 35 8.0 024 30 05 - - 672315 8 O 879
West Steel Ltd
Jindal South Maharashtra Palghar Jawhar 5 613 012 43 357 0 0 2757 0 0O O 95
West Steel Ltd
Rural Electrification Telangana Mahabubnagar Wanaparthy 81 771 012 46 14 83 38 1 81 73 10 0 39 192
Corporation Ltd
Rural Electrification Andhra Anantapur Penukonda 87 793 019 69 15 77 29 0 94 77 7 0 44 190
Corporation Ltd Pradesh
POWERGRID Andhra Kurnool Bethamcherla 50 748 019 15 8 76 80 O 7535 4 0 12 169
Pradesh

POWERGRID Karnataka Bijapur Basavan Bagewadi 49 816 027 8 071 0 O 9416 8 0 O 187
SABMiller Telangana Medak Pulkal, Sangareddy 71 776 029 28 6 55 6 0O 66 45 0 0 2 246
Sir Dorabiji Tata Rajasthan Alwar, Banswara, Rajgarh, Kushalgarh, 38 7.8 0.3 45 15 71 - — 46 56 - - - 422
Trust Bhilwara, Bundi, Jahajapur, Hindoli,

Dungurpur, Bichiwara,

Jhalawar, Swai Jhalarapatal,

Madhopur, Tonk, Khandar, Deoli,

Udaipur Newai, Girwa
Sir Ratan Tata Trust Jharkhand Gumla, Kharsawan Raidih, Saraikala 42 5.6 015 65 50 77 - - 71 97 - - - 115
Sir Dorabji Tata Madhya Badwani, Dewas, Badwani, Devas, 22 7.8 025 74 174 - - 6679 - - - 341
Trust & Sir Ratan Pradesh Guna, Indore, Madusudangarh,
Tata Trust Raisen, Rajgarh, Samer, Silwani,

Sagar, Sehore, Rajgarh, JC Nagar,

Shajapur, Sehore, Agar,

Vidisha, Jhabua, Vidisha, Lateri,

Mandla Meghnagar, Niwas
Sir Ratan Tata Trust Odisha Myurbhanj, Myurbhanj, 18 5.5 012 73 10 9% - - 7 9 - - - 177

Kyonjhar Harichandanpur
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deficiencies of secondary and micronutrients
like 35-96% in sulfur (S), 16—99% in boron
(B) and 7-94% in zinc (Zn), and 0-80% in cal-
cium (Ca).

Most farmers are not aware of secondary
and micronutrient deficiencies and their gen-
eral practice is to add fertilizers containing only
macronutrients NPK in suboptimal or indis-
criminate amounts, which creates nutrient im-
balancesleading to increasing land degradation.
Even with regard to macronutrients, the gov-
ernment fertilizer subsidy policy has promoted
skewed fertilizer use in the country resulting in
more application of N and P fertilizers in the
NPK ratio of 8:2.7:1 (Government of India,
2014; Wani et al., 2016). Inadequate availabil-
ity of the required fertilizers at the stipulated
time in rural areas and lack of knowledge is also
promoting imbalanced fertilizer use. More im-
portantly, while fertilizer consumption con-
tinues to rise substantially, the elasticity of
output with respect to fertilizer use, especially N
and P, has dropped sharply, i.e. declining fertil-
izer use efficiency. During the previous decade,
while fertilizer consumption grew by 50%, the
increase in food grain production was only 11%
(Wani et al., 2016). The increase in fertilizer use
has increased the cost significantly. The fiscal
burden of fertilizer subsidy was 60 crore in the
years 1976—77, which shot up to over 270,000
crore in 2012—13. There are other important
costs in the form of long-term soil degradation
and stagnation of yields, low C-sequestration
and degradation of water resources (in both
quantity and quality). Besides, there is build-up
of nutrients in pockets which is of concern
today.

Along with agricultural fields, horticul-
tural orchards and plantation crops also cover
large tracts of land and are bypassed for any
systematic soil health mapping and needs-
based management. These are potential sites
of increasing productivity and incomes, while
improving C-footprints. For example, soil health
mapping of fruit and plantation crops in An-
dhra Pradesh showed severely low levels of
soil organic C and increasing nutrient defi-
ciencies — 42-90% orchards/plantations in
organic C, 3-70% in P, 1-40% in K, 10-89% in
Ca, 21-96% in S, 18-80% in Zn, 8-85% in B,
0-45% in magnesium (Mg) and 0-63% in
copper (Cu) (Table 3.3).

3.4 Building Soil Health
and Ecosystem Services: A Low
Hanging Technology

3.4.1 Soil health for food
and nutritional security

One of the direct benefits that CSR scaling-up ini-
tiatives have demonstrated is improving food se-
curity. The strategies to rejuvenate farm soil health
have shown significant productivity benefits that
varied from 25% to 47% in cereals, 28% to 37%
in pulses and 22% to 48% in oilseed crops (Chan-
der et al., 2016; Wani and Chander, 201 6; Wani
et al., 2017). Even in comparatively drier years,
soil health building through application of bal-
anced fertilizers significantly increases grain
yield and aboveground dry matter and adds to
system resilience (Uppal et al., 2015). Pilot

Table 3.3. Soil fertility status of soils in horticulture plantations across seven districts in Andhra Pradesh,

India.
% deficiency of available nutrients
% samples with

Crop No. of samples lowsoilClevels P K Ca Mg S Zn B Fe Cu Mn
East Godavari 720 76 63 36 81 9 8 64 71 0 37 2
Guntur 264 42 3 1 10 0 21 18 8 4 0 0
Krishna 2709 68 25 2 80 1 79 59 38 0 33 0
Srikakulam 641 90 41 40 89 45 95 59 8 1 63 1
Visakhapatnam 207 77 49 8 65 5 8 54 68 0 14 O
Vizianagaram 869 89 70 26 71 14 96 80 83 0 18 O
West Godavari 623 77 21 32 79 21 80 41 72 2 42 1
Grand total 6033 74 37 16 76 11 82 59 56 1 33 O
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studies also show evidences of relation of soil
health with food quality (Sahrawat et al., 2008,
2013; Chander et al., 2013a; Wani and Chander,
2016). Moreover, the outcome of soil degrad-
ation in predominant crop-livestock farming
system in the drylands is far beyond reducing
grain production; it also affects livestock feed
quantity and quality (Blimmel et al., 2009;
Haileslassie et al., 2011). In view of the increas-
ingly important role of crop residue as feed com-
ponents, the effects of soil health building through
nutrient balancing on feed availability and feed
quality are very important and show up in
potential milk yield per ha by as high as 40%
(Haileslassie et al., 2013). The role of soil health
building in enhancing food quantity and quality
and helping individuals and communities to
build sustainable food security is well demon-
strated in Karnataka, India (Wani et al., 2016).
Scaling-up soil health building in degraded
drylands is important because out of 1.5 billion
ha of cultivated land globally, about 1.1 billion
ha (80% of world’s physical agricultural area) is
rainfed and generates about 60% of the world’s
staple food (Munir et al., 2010). Evidences in the
past few decades indicate that crop productivity
growth in irrigated areas has slowed or stag-
nated and relying on irrigated agriculture for
food security is not possible as data on water
supply and demand are startling and as much as
two-thirds of the world population could be
water-stressed by 2025 (Seckler et al., 1999;
Richter et al., 2003; Shah et al., 2006). In Indian
scenario, in spite of spectacular increase in food
grain production from 74 million tons during
1966-67 to 259 million tons during 2011-12,
the country still struggles for ensuring food se-
curity of its people who have grown from 361
millionin 1951 to 1210 million in 2011 and are
expected to reach the levels of 1460 million by
2025 and 1700 million by 2050 (Government
of India, 2014; FAOSTAT, 2017). Therefore,
consistent efforts are needed to increase the cur-
rent food production levels to more than 300
million tons by 2025 and around 380 million
tons by 2050 (Amarasinghe et al., 2007). How-
ever, land resources are limited with almost no
scope for expanding net sown area which has al-
most remained stagnant since the Green Revolu-
tion at about 141 million ha, but the cropping
intensity has increased from about 1.17 in the
late 1960s/early 1970s to 1.38 during 2011

(Government of India, 2014). Enhancing prod-
uctivity is the way forward with limited oppor-
tunities in irrigated areas which are already
near productivity plateau. The drylands with
large yield gaps (Wani et al., 2012b), thus, oc-
cupy centre stage and currently cover majority
54% (76 million ha) of cultivable land and in
spite of irrigation expansion programmes are
projected to still cover 45% (63 million ha) of
area by 2050 (Amarasinghe et al., 2007).

3.4.2 Improved nutrient
and water use efficiency

Pilot studies (Chander et al., 2014) show that
soil health building through balanced fertiliza-
tion including micro- and secondary nutrient
amendments not only increase productivity, but
also improve N and most importantly N use effi-
ciency. The results show improvements in up-
take and use efficiency of N and thereby reducing
pollution through losses in runoff water and as
GHG emissions. Moreover, improvements in
agricultural productivity, resulting in yield in-
crease and denser foliage will involve a vapour
shift from nonproductive evaporation in favour
of productive transpiration. Various CSR pilot
studies also corroborate the benefits of soil
health building in effectively utilizing available
water to get higher crop yields (Chander et al.,
2013b, 2016).

3.4.3 Soil C sequestration
and offsetting GHG emissions

Building soil health and managing C footprint is
a great opportunity for CSR consortia to have a
win-win proposition. Managing soil organic C is
central because it influences numerous soil prop-
erties relevant to ecosystem functioning and
crop growth. It is essential to improve soil resilience
through beneficial impacts on the following
processes (Lal, 2011):

e increase in soil aggregation and aggregate
stability;

e improvement in total and macro-porosity;
decrease in loss of soil water through increase
in water infiltration rate and reduction in
evaporation;
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e improvement in plant available water
capacity;

e reduction in susceptibility to crusting, com-
paction and erosion by water and wind, and
decrease in non-point source pollution of
rivers and lakes;

e increasein soil’s cation and anion exchange
capacity;

e increase in plant nutrient reserves, both
capacity and intensity factors;

e increase in microbial biomass C, along with
activity and species diversity of soil biota;

e increase in CH, oxidation capacity, and mod-
eration of rates of nitrification and denitrifi-
cation;

e reduction in leaching losses of soluble plant
nutrients;

e increase in soil’s buffering capacity, and
moderation of elemental balance; and

e improvement in agronomic production,
through increase in use efficiency of energy-
based inputs (e.g. fertilizers, water and
pesticides).

Even small changes in total C content can have
disproportionately large impact on key soil
physical properties (Powlson et al., 2011). An in-
crease of 1 ton of soil C pool of degraded crop-
land soils may increase crop yield by 200-400
kg/ha of maize, 20-70 kg/ha of wheat, 20-30
kg/ha of soybean, 5-10 kg/ha of cowpea, 10—
50 kg/ha of rice, 50—-60 kg/ha of millets and
20-30 kg/ha of beans (Lal, 2011). Thus, an in-
crease in the soil organic C pool within the root
zone by 1 ton C per ha per year can enhance food
production in developing countries by 30-50
million tons per year including 24—40 million
tons per year of cereal and legumes, and 6-10
million tons per year of roots and tubers (Lal
etal.,, 2007).

World soils play an important role in C cyc-
ling and represent the largest terrestrial pool of
soil C of about 2500 pg/billion ton (1550 pg soil
organic C and 950 pg soil inorganic C) compared
to about 700 pg in the atmosphere and 600 pg
in land biota (Lal and Kimble, 1997; Batjes,
1999; Lal, 2004a,b). Most of the cultivated soils
are depleted of soil organic C and far from satur-
ation as is determined by climate, pedological
and terrain characteristics (Lal, 2004a,b). The
soils of different agroecosystems have lost their
original soil organic pool with a global loss of

782112 billion tons C through historic land mis-
use and soil degradation (Lal, 2011). Agriculture
is important because of not only the potential to
reduce its own emissions but also its potentiality
to reduce net emissions from other sectors and to
enhance the quality of soil, water and other
natural resources and resilience-building (Lal,
2011). The global potential of C sequestration in
soils of agroecosystems is about 2.1 billion tons
C per year and so if the soil organic C pool in world
soils can be increased by 10% (+250 billion tons)
over the 21st century, it implies a drawdown of
about 110 ppm of atmospheric CO, (1 billion
tons of soil C = 0.47 ppm of atmospheric CO,).
Pilot studies prove that soil health building
through balanced fertilization along with im-
proved crop and water management can seques-
ter 335 kg C per ha per year (Wani et al., 2003).
In degraded lands, biofuel plantations of Jatropha
proved to have potential opportunities to re-
habilitate degraded lands through adding to soil
around 1450 kg C per ha through leaf fall,
pruned twigs, de-oiled cake along with 230 kg C
per ha replacement in fossil fuel and 5100 kg C
per ha as live plantation (Wani et al., 2012a).

3.5 Framework for Soil Health
and Ecosystem Services

3.5.1 Soil health building as an entry
point activity

Soil health mapping and building through need-
based management addresses the widespread
problem the farmers face and hence is one of the
best entry point intervention for quick benefits
and building rapport with the majority of farm-
ers to initiate a collective action for technological
upgradation of dryland agriculture (Wani et al.,
2009a; Chander et al., 2016). The main attri-
butes which make it the best entry point activity
are: it is knowledge-based and does not involve
direct cash payment; it has a high success prob-
ability (>80-90%); involves participatory research
and development approach; it results in the
measurable tangible economic benefits to the
farming community with a relatively high benefit—
cost ratio; is simple and easy for the participating
farmers to undertake; involves participatory
evaluation; has a reliable and cost-effective
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approach to assess the constraints; and most im-
portantly it benefits the majority of farmers in
the watershed.

3.5.2 Strengthening analytical
framework

In a soil analysis process to start for building soil
health, soil sampling is one of the most import-
ant and the weakest links. The smallest amount of
sample collected must effectively represent the
millions of kg soil in the field. Participatory
stratified soil sampling method (Sahrawat et al.,
2008) takes care of such errors. Under this
method, the target region is divided into three
topo-sequences. At each topo-sequence location,
samples are taken proportionately from small,
medium and large farm holdings to address the
variations that may arise due to different man-
agement practices because of different economic
status in each farm size class. Within each farm
size class in a topo-sequence, the samples are
chosen carefully to represent different soil colour,
texture, cropping systems and agronomic man-
agement practices. At ultimate sampling unit in
a farmer’s field, 8—10 cores of surface (0-0.15
m) soil samples are collected and mixed together
to make a composite sample.

Analysis is the next step followed and unless
soil samples are thoroughly diagnosed for all
essential elements and key parameters, holistic
recommendations are unlikely to be developed.
A fragmented approach of soil analysisis nolonger
workable. Precision is another important re-
quirement as small errors in especially micronu-
trients may result in different interpretation and
recommendations. Therefore, establishing state-
of-the-art laboratories makes better sense tech-
nically as well as operationally as only one such
laboratory can effectively cater to the require-
ments of a district. In current scenario, out of
around 1600 laboratories (1500 static, 100 mo-
bile) in the country, only about 150 are equipped
to analyse B and about 450 for S and about 600
can analyse diethylene triamine pentaacetic
acid (DTPA) extractable micronutrients (Zn, Cu,
Fe, Mn). Therefore, streamlining soil-plant-water
diagnostic services through upgrading current
half-functional laboratories into state-of-the-
art laboratories is better technically as well as

operationally and one such laboratory per dis-
trict could be a better proposition to improve op-
erational efficiency and precision, rather than
many half or non-functional laboratories (Wani
etal., 2016).

The GIS (geographical information system)
interpolation of analysis results across CSR and
other pilot sites show that individual nutrient
deficiencies are scattered differently across re-
gions, and multiple nutrient deficiencies are also
observed. In this scenario, current general prac-
tice of fertilizer recommendations at state or
agroecoregion level does not effectively meet soil
requirement and hence more precise recom-
mendations at block/cluster-of-villages/village/
farmer level need to be developed and promoted.

The CSR pilot areas are sites of learning of
using soil health building as an entry point ac-
tivity, by using stratified soil sampling and pro-
moting and evaluating block/village level soil
test-based recommendations for soil health reju-
venation. The experience of International Crops
Research Institute for the Semi-Arid Tropics (IC-
RISAT), Patancheru, Telangana in these pilots
demonstrates the benefits of these and subse-
quently, as awareness develops amongst the farm-
ers, and the government is geared up to handle
knowledge dissemination especially for small-
holders, farmer-based recommendations can be
followed.

3.5.3 Regulating soil C pools

It is important to realize that low-input agricul-
tural systems deplete soil organic C and accentu-
ate the risk of greenhouse effects (Lal and
Kimble, 1997). Long-term studies at ICRISAT
(Wani et al., 2003 ) showed that improved system
comprising landform management (broad-bed
and furrow cultivation), soil test-based balanced
fertilization and crop management increases not
only crop productivity but also soil organic C
content. In this historical study, an additional
quantity of 7.3 tons C per ha (335 kg C per ha
per year) was sequestered in soil under the im-
proved system compared with the traditional
system over the 24-year period (Table 3.4).
The C inputs were found to increase with con-
tinuous cropping, particularly where fertilizers
were applied and when legumes were included
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Table 3.4. Biological and chemical properties of
semi-arid tropical Vertisols after 24 years of
cropping under improved and traditional system
at ICRISAT, Patancheru, India. From: Wani et al.
(2003).

Soil depth (cm)

0to 60 60to 120

Properties System
Microbial biomass Improved 2676 2137
C (kg/ha) Traditional 1462 1088
Organic C (tha)  Improved 274 19.4
Traditional 214 18.1
Microbial biomass Improved 86.4 39.2
N (kg/ha) Traditional 421 25.8
Total N (kg/ha) Improved 2684 1928
Traditional 2276 1884
Olsen-P (kg/ha)  Improved 6.1 1.6
Traditional 1.5 1.0

in the system (Paustian et al., 1997; Wani et al.,
2003). Leguminous plants are considered to
have a competitive advantage under global
climate change because of increased rates of
symbiotic N fixation in response to increased at-
mospheric CO, (Serraj, 2003; Wani et al., 2003).
Soil microbial biomass responds more rapidly
than soil organic matter as a whole to changes
in management that alter the annual input of
organic material into soil C (Powlson and Jen-
kinson, 1981). Although small in mass, micro-
bial biomass is one of the most labile pools of
organic matter and thus serves as an important
reservoir of plant nutrients such as N and P (Jen-
kinson and Ladd, 1981; Marumato et al., 1982).
Biomass C, as a proportion of total soil C, serves
as a surrogate for soil quality (Jenkinson and
Ladd, 1981). In on-station study at ICRISAT
(Wani et al., 2003), improved management
practices of Vertisols resulted in higher values
(10.3 vs 6.4%) of biomass C as a proportion of
soil organic C.

In a study on monitoring changes in soil C
between 1980 and 2005 (Bhattacharyya et al.,
2007), in two important food production zones
of India, viz. the Indo-Gangetic Plains (IGP)
(Punjab, Haryana, Uttar Pradesh, Bihar and West
Bengal) and the black and associated red soils
(BSR) (Andhra Pradesh, Madhya Pradesh, Kar-
nataka, Gujarat and Maharashtra), soil organic
C stock of both the soils was found to increase
due to the turnover of more biomass to the soils

(however, the increase was more in the IGP than
the BSR). Thus, scaling-up improved manage-
ment is needed as the soil organic C stocks of In-
dian soils demonstrate enough potential to
sequester organic C (Pal et al., 2015). It is ob-
served that vast areas of land in arid, semi-arid
and drier part of sub-humid India are impover-
ished in soil organic C, but are high in soil inor-
ganic C up to 30 cm depth. These specified areas
are the prioritized ones for organic C manage-
ment in soil. These areas cover 155.8 million
ha of which, arid areas cover 4.9, semi-arid
116.4 and dry sub-humid 34.5 million ha.
Under different land use systems, soil organic
C sequestration within the first 100 cm is ob-
served to be higher in soils under forest, followed
by horticultural and agricultural system (Pal
etal., 2015).

To maintain soil organic matter status,
there is need to add organic materials including
manures, and crop residues on a regular basis to
compensate the loss of organic matter by vari-
ous processes. On-farm studies at ICRISAT
(Chander et al., 201 3a) have shown that the use
of manures like vermicompost increased bio-
mass production and apparently recycling and C
sequestration, while cutting cost of chemical
fertilizers and making it a profitable option for
farmers to adopt. Recycling large quantities of C
and nutrients contained in agricultural and do-
mestic wastes (~700 million tons organic wastes
are generated annually in India) (Bhiday, 1994)
are needed to rejuvenate soil health for enhan-
cing productivity (Nagavallemma et al., 2006;
Chander etal., 2013a; Wani et al., 2014) (Fig. 3.2).
To start with, focus on agricultural regions, pro-
ducing large quantities of residues which have
little alternate uses, could be the best strategy. In
this context, the hardy stems of crops like pi-
geonpea, cotton, maize, pearl millet, sorghum
and others are best target biomass for recycling.
These five crops are grown in around 37 million
ha in India and produce more than 100 million t
hardy straw biomass per year which has little
economic value or effective alternate use by
farmers. This biomass is a potential opportun-
ity to recycle plant nutrients worth more than
Rs 3000 crores per year. For effective compost-
ing, these hardy residues need to be chopped into
small pieces. Pilot studies in Andhra Pradesh
have shown that arranging shredder machines
on a sharing basis could be a good business
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Fig. 3.2. Shredder machine piloted in Kadapa, Andhra Pradesh used to chop hardy biomass for composting.

model for chopping biomass for composting
which prove to be economically remunerative
from the first year. Alongside, composting tech-
nologies need to be scaled-out to farmers. Vermi-
composting is a proven technology, but in many
case desired success is not achieved due to the
need for continuously maintaining moisture
and arranging feeding material to earthworms.
So, technologies like use of microbial consor-
tium culture for composting needs to be pro-
moted for undertaking it as and when needed
and adding convenience to the farmers. Along
with mapping for potential recyclable biomass
in agriculture and horticulture, regions with
current low chemical fertilizer use could also
be prioritized and promoted as niche areas for
organic farming without compromising with
yield and harnessing premium price for the
farmers. Also converting biomass into Biochar,
having highly stable form of C, may be a good
option of building soil C for long term (Sohi
et al., 2009); however, the long-term effects
need to be evaluated.

Conservation agriculture (CA) may be a
suitable technique for control of soil and C
through erosion, lesser exposure for decom-
position along with increased inputs of C as
mulch. Some other studies indicate that crop
rotations also play an important role in im-
provement in soil C. However, the results in
on-station experiment at ICRISAT showed no
significant effect on maize, chickpea and pi-
geonpea yield with or without residue addition
(Jat et al., 2012). Retained residues reduced
total seasonal runoff under both the tillage
practices (Jat et al., 2015). These results imply
that under CA high rainwater filters into the
soil to add to the green water. Similarly, peak
rate of runoff, which indicates erosive capacity
of runoff water is also decreased with residue
addition. No significant benefit is observed of
retaining residues in improving water use effi-
ciency. The difficulty in sowing through sur-
face retained residues and poor seed to soil
contact under residue retained plots appar-
ently led to lower plant stand and crop yield
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(Jat et al., 2015). The residue addition, though,
tended to improve soil organic C levels.

In context of promoting biofuels for C replace-
ment in fossil fuels, on-farm research results
(Wani et al., 2009b, 2012a; Wani and Chander,
2012) show plants like Jatropha (a hardy plant)
to grow successfully and rejuvenate degraded
lands without compromising on the food secur-
ity in heavily populated countries like India
which could help strengthen local livelihoods
and income diversification. In wastelands plant-
ed with Jatropha, around 4000 kg/ha/year or-
ganic matter (through leaf fall, pruned twigs
and de-oiled cake) added not only 1450 kg C per ha
per year, but also 85.5kgN, 7.67 kg P, 43.9 kg K,
5.20kg S, 0.11 kg B and 0.12 kg Zn per ha per
year plus other essential nutrients (Wani et al.,
2012a). Out of the total C accumulated by seeds,
185-230 kg C per ha per year is as biodiesel/oil
C and an apparent replacement in the fossil fuel.
The live plant (shoot and root) biomass in the
fields serves as a sink for C at 5120 kg C per ha
(Table 3.5). The soil samples from one on-farm
plantation location (Velchal, Rangareddy district,
Andhra Pradesh) recorded increased microbial
biomass C by 22%, soil respiration by 2.46% and
microbial biomass N by 24% as compared to the
adjoining grasslands (Wani et al., 2012a).

Management practices to reduce soil C loss
by erosion is an important component as ecosys-
tems in the semi-arid tropics are prone to land
degradation, which may be aggravated by climate
change. Soil erosion by water and loss of soil C
and nutrients along with it is a major global

Table 3.5. Balance sheet of carbon (C) under
Jatropha plantation as C returned to soil, biodiesel
C replacement per year and live plant C. From:
Wani et al. (2012a).

C through

Jatropha Organic C

plantation Plant part involved (kg per ha)

C returned Leaf fall 8002
back to soil Pruned twigs 1502

De-oiled cake 495°

C replacement  Jatropha oil 230°
in fossil fuel

C in live plant Shoots and roots 5120

aLeaf and pruned twigs added C every year.
bJatropha oil C (fuel replacement) and de-oiled cake
added C from fourth year onwards every year.

environmental problem (Boardman and Favis-
Mortlock, 2001). In climate change scenario,
the frequency and intensity of extreme rainfall
events are expected to increase in some regions,
which could lead to increased erosion rates
(Michael et al., 2005). In general, a 1% change
in precipitation is expected to result on average a
2.4% change in soil loss (Zhang et al., 2005). In
context of impending climate change scenario,
development of the watershed/catchment is one
of the most trusted and ecofriendly approaches
to managing natural resources and reducing
runoff, soil loss and C therein (Wani et al., 2012b).
Desilting water tanks and application of tank
sediment to agricultural fields (which are inte-
gral part of villages especially in India) is also an
economically feasible (benefit—cost ratio of 1.23)
option to return organic C and nutrients (Pad-
maja et al., 2003). The sediment samples in
Medak district, Telangana contained 720 mg N,
320mgP and 10.7 g C per kg of sediment. During
2001, under Government of Andhra Pradesh
initiative, namely ‘Neeru-Meeru’, 246,831 tons
of sediment desilted and added to the farms re-
turned 183 tons N, 86 tons P and 2873 tons of
organic C.

3.5.4 GHG emissions and management

Global warming induced climate change caused
by CO, (and other GHGs) emissions through fos-
sil fuel combustion (IPCC, 2007) is an issue of
concern worldwide. The CO, concentration has
increased markedly in the 21st century at a rate
of 2 ppm (parts per million) per year during
2000 onwards. The CO, concentration was 280
ppm in the pre-industrial times, and has crossed
400 ppm (Fig. 3.3). Atmospheric CO, levels are
increasing at a rate of 0.4% per year and are pre-
dicted to double by 2100 (Lal, 2005; IPCC,
2007). The Intergovernmental Panel on Climate
Change has shown that the earth temperature
has increased by 0.74°C between 1906 and
2005 due to the increase in anthropogenic emis-
sions of GHGs (Aggarwal, 2008). Global temper-
atures are predicted to increase by 1.1 to 6.4°C
between 1990 and 2100 depending on CO,
emission scenarios, with CO, atmospheric con-
centration projected to increase in the range
550 to 850 ppm (Stockle et al., 2011). These
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changes will have a profound impact on the natural
resource base that agriculture depends upon. It
is likely that climate variability and change will
exacerbate food insecurity in areas currently
vulnerable to hunger and undernutrition. Cli-
mate change is now being viewed as the single
gravest threat to food security worldwide. There
is a strong link between food insecurity, soil deg-
radation and climate change, yet the twin crisis
of climate change and food insecurity may be
significantly addressed through restoration of
soil organic C.

Current global GHG emissions (in terms of
CO, equivalents (CO,e)) are about 49 Gt CO,e/
year, 74% of which are CO,, 16% of CH, and 10%
of N,0. Agriculture accounts for around 13.5%
of the total global anthropogenic GHG emis-
sions, contributing about 25%, 50% and 70 % of
CO,, CH, and N,0 respectively (Montzka et al.,
2011). As food crops production needs to be in-
creased at a rate not less than 1.3% annually
(Cassman et al., 2003), GHG emissions are also
expected to increase, if adequate measures to

minimize the emissions are not taken. The GHG
emissions from agriculture in the form of N,O
emit from fertilizer management practices. Agri-
cultural activities add into the atmosphere about
4.2 to 7 Tg N annually in the form of N,0 (Del
Grosso et al., 2008). Nitrous oxide has high glo-
bal warming potential of 298-fold. Increased
soil temperatures coupled with high moisture
conditions during cooler months will increase
N,O production in soil. Elevation in CO, concen-
trations is also projected to increase N,O emissions
from upland agricultural soils (Van Groeningen
et al., 2011). Regarding CO,, soil respiration is
an important source, but the majority of the
farm operations and inputs, such as fertilizers,
pesticides and energy, also have embodied CO,
content. Rice cultivation is a major source of
CH,, currently accounting for 10-15% of all glo-
bal GHG emissions from agriculture and 10-12%
of the world’s total anthropogenic CH, emis-
sions (IPCC, 2014).

In agriculture, increasing soil C represents
the greatest mitigation potential. About 50-66%
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of the cumulative historic C loss from soil can
be recovered through proper management (Lal,
2004a). Increasing soil organic C content in soil
may lock the C out of the atmosphere for centur-
ies by C sequestration. Managing agricultural
land to increase soil C has a mitigation potential
of 5340 million tons CO,e/year. Much of this
mitigation effort has an economic cost and this
technical potential equates to an economic po-
tential of 4300 million tons CO,e/year at C price
of US$100 per ton CO,e (Murphy-Bokern and
Kleemann, 2014). About 89% of this mitigation
potential lies in soil C sequestration, and the re-
maining 11% arises from reducing emissions of
methane (9%) and N,0 (2%). Identification and
adoption of better management practices as dis-
cussed in the chapter can be used as a GHG
offsetting tool. In rice cultivation, zero tillage re-
duces CH, and N,0 emissions, but increases CO,
emissions (Pandey et al., 2012; Ladha et al.,
2016). Tillage, moisture and aeration, and C
supply affect CH, emissions (Wassmann et al.,
2000; Venterea et al., 2005). The management
practices such as alternate wetting and drying,
alternative rice land preparation and crop estab-
lishment were reported to cause lower methane
emissions from rice paddies (Adhya et al., 2014;
Linquist et al.,, 2015; Ladha et al., 2016). In
areas where cropping system diversification is
feasible, there is also scope for mitigation of GHG
emissions in the rice-based ecosystem, while en-
hancing crop production (Ladha et al., 2016).
Improved agronomic practices, increased N use
efficiency, use of diversified cropping systems,
adoption of crop cultivars with high harvest
index, and the use of soil bioresources such as
P-solubilizers and arbuscular mycorrhizal fungi
in crop production were reported to lower the
average C footprint in semi-arid areas (Gan et al.,
2011). The over-exploitation of groundwater by
agriculture for irrigation during recent years has
lowered aquifer levels in many Asian countries,
and pumping water from lower strata in the future
would result in a greater use of energy, which is
mostly generated by coal combustion, and would
therefore result in increased emissions of GHG
(Zhang et al., 2013). Improved water use effi-
ciency is likely to become a critical criterion for
many grain-producing areas in South Asia, in
part due to necessary adaptation to the antici-
pated adverse effects from climate change (Elliott
et al., 2014). Land use change and emission

reduction in agriculture will be key elements in
achieving an 80% reduction in GHG emissions
by 2050 (Rockstrom et al., 2013).

The industry, with its high level of emissions,
waste generation and fossil fuel consumption, is
the major contributor to GHG emissions and cli-
mate change. However, industries in India are
determined to become responsible corporations
by undertaking CSR programmes. Data of the
Ministry of Corporate Affairs on CSR expend-
iture of Indian companies in 2014-15 showed
that 14% (31,213 crore) of total CSR expenses
in India was made on activities focusing on con-
serving the environment. Carbon Disclosure
Project survey conducted in UK by Doda et al.
(2016) revealed little evidence that commonly
adopted management practices by industry are
reducing emissions. However, Murphy-Bokern
and Kleemann (2014) felt that considering the
commercial constraints and the obligations of
firms to shareholders, CSR is contributing to cli-
mate protection. Corporates need to invest more
in agricultural research and extension and
should play a key role in enabling farmers to pro-
duce more food with minimal GHG emissions.

3.5.5 Scaling-out soil health
management

Bhoochetana scaling-up initiative, with the sup-
port of Government of Karnataka and ICRI-
SAT-led consortium as a technical partner, is an
exemplary initiative of rejuvenating degraded
farm lands and C-building which have shown
significant productivity benefits. With this initia-
tive in Karnataka state during 2009 to 2013,
more than 5 million farmers benefited and net
economic benefits through increased produc-
tion were estimated at ~US$353 million (31963
crore) (Wani et al., 2017).

Taking the lead from Bhoochetana, the
government-supported Rythu Kosam initiative
in Andhra Pradesh is unique in targeting system
productivity through embracing allied sectors
along with focus on core agricultural crops (i.e.
Primary Sector). The Department of Agriculture,
Government of Andhra Pradesh along with
ICRISAT as a technical partner have used scaling-
out soil health building to harness benefits due to
these interventions having high levels of success
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in more than 2 million ha during 2015 and 2016,
and pilot-tested innovative C-building technologies
using microbial consortia cultures. Soil health
building initiatives have monetary benefits through
higher productivity in agricultural and horticul-
tural crops to the tune of around ¥1100 crore.

Lessons learnt in such initiatives in Karnataka
and Andhra Pradesh states in India indicated
that improving food security and livelihoods of
people need not wait for any new major scientific
breakthrough, but a political will, collective ac-
tion and innovations in technologies to reach
farmers’ doorsteps and soil health building and
improving C footprints is the most effective entry
point activity to harness benefits.

3.5.6 Innovative extension and
information and communication
technology in soil health management

Innovative extension ways for information dis-
semination have been explored during watershed
projects and other productivity improvement pro-
grammes to improve the awareness and adoption
rate among the farmers. In the context of soil
health management, the key information dissem-
ination tools were soil health cards, wall writings
and android-based mobile App. Soil health cards
are customized information cards of soil fertility
status and crop-wise fertilizer recommendation.
This is one of the entry point activities, which
built good relationship with the community. The
soil health card has information about the farmer,
location information of the farm, status of major
and micronutrients, and crop-wise fertilizer rec-
ommendation for the major crops based on fertil-
ity status. The soil health card programme is also
widely adopted by Government of India for doub-
ling the farmers’ income.

Information related to soil fertility status
has been also disseminated among the farmers
through writing the information on the walls of
common infrastructure in villages. This tool pro-
vides wider dissemination channel as all people
from the village get access to this information.
This tool has been also used in a watershed pro-
ject for disseminating weather information and
project details. Information written on the wall
will be available for all the farmers from villages.
However, this information is not customized like

the crops or landholding. Soil health cards may
provide customized fertilizer management solu-
tion, but that information is too static in nature.
Thus, a dynamic information dissemination and
monitoring tool is required to strengthen the
local extension agent by providing a channel for
information flow and to monitor the real time
agriculture status on ground. In this context,
the digital technologies with three important tools
were piloted in Bhoochetana programme: Krishi
Gyan Sagar, Krishi Vani and farmer-to-farmer
video dissemination (Wani et al., 2017).

A mobile App is another potential opportun-
ity in soil health management and key features
of this are the soil fertility maps and soil test-based
fertilizer management (Fig. 3.4). Geospatial digi-
tal maps were prepared based on the results from
state-wide soil samples. The same soil analysis
data was adopted in mobile app in two forms:
(i) district level soil fertility maps including sta-
tus of organic C, P, K, S, B and Zn are embedded
in the app; and (ii) site-specific fertilizer recom-
mendation for the major crops. Thus, with the
power of a geospatial database of soil fertility,
this application provides dynamic customization
that is not possible with soil health cards or in-
formation written on walls.

3.6 Summary and Key Findings

e  Rejuvenating soil health is needed for food and
nutritional security of the rising population,
while contributing to improving C footprints
through C sequestration and minimizing
GHGs.

e A holistic soil health mapping and needs-
based management that encompasses strati-
fied sampling, quality analysis and timely
availability of required inputs along with
desired policy support are needed.

e  Desired policies to promote quality organic
manures by recycling organic wastes gener-
ated both in urban and rural areas along
with biofertilizers are desired.

e  For sustainability, land use planning based
on land and agroecological capability is
needed through policy.

e Pilot sites need to be established as exem-
plary sites for training as well as develop-
mental purposes.
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Fig. 3.4. District-wise soil fertility maps in Krishi Gyan Sagar App.

There is an urgent need to reform the know-
ledge delivery systems by using innovative
partnerships, tools, approaches and methods.

Public—private partnerships are required as the
governance strategy to minimize the transac-
tion costs and coordinating and enforcing

Information and communication technology-
based knowledge dissemination, etc. need to
be developed.

e  To address multifarious issues in soil health
building and improving C footprints, a range
of actors need to act together in a consortium
model to harness their strengths and syner-
gies with the local community as the primary
implementing unit.

relations between the partners engaged in pro-
duction of goods and services.
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Abstract

The semi-arid tropics being dominant region is primarily agrarian with rainfed traditional agricultural produc-
tion systems. Jawhar is a tribal block in Maharashtra, India characterized by high rainfall, water scarcity,
degraded soils and low crop productivity. ICRISAT in collaboration with JSW has initiated agricultural interven-
tions with watershed approach. Over a two-year period, the project has demonstrated various activities to build
the resilience against climate change to cope with varying climatic risks and to improve livelihoods. Conservation
of available resources through various measures was carried out with active community participation. Agricul-
ture is the main source of livelihood of the community. Soil health management, rainwater harvesting, soil con-
servation, promotion of improved cultivars, introduction of new crops (crop diversification), income-generating
activities and promotion of agronomic practices were the major interventions carried out in the project villages.

These have taken farmers towards the path of building resilience to cope with climatic risks.

4.1 High-rainfall Zone - Jawhar,
Maharashtra

4.1.1 Challenges and opportunities

The semi-arid region is primarily agrarian with
rainfed traditional agricultural production sys-
tems being dominant. In the semi-arid tropics
(SAT) soil degradation along with water scarcity
are the main causes for low crop yields; and inef-
ficient utilization of existing water resources re-
sults in low water use efficiency. An integrated
watershed management approach proved to be
the suitable strategy for achieving holistic de-
velopment in these regions through collective

* Corresponding author: k.petare@cgiar.org

action (Wani et al., 2003a). The very purpose of
the watershed development programme is to
reduce water-related risks in rainfed agriculture
by improving the local soil-water balance by
implementing both in-situ and ex-situ interven-
tions. Since water and soil are important com-
ponents of agricultural development, proper
management of these resources is crucial to
build the resilience of these systems to cope with
varying climatic risks and to improve liveli-
hoods. Rainfed soils are multinutrient deficient
and need proper nutrient management strat-
egies to bridge the existing gap between farmers’
current yields and achievable potential yields
(Sahrawat et al., 2010).
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Jawhar is situated in the Konkan region of
India. The rainfall in the region is seasonal and
generally comes as torrential downpour result-
ing in large runoff and causing severe soil ero-
sion; its distribution is quite erratic. Even though
annual average rainfall in the region is 2729
mm, most rural people face water scarcity and
drinking water shortage in summer. The hilly
terrain and subsurface basalt rock limit the sub-
surface water percolation, causing heavy sur-
face runoff during a monsoon, leading to soil
erosion and land degradation. About 92% of the
population in Jawhar taluk, Maharashtra is indi-
genous (tribal). Landholding of farmers is low
and most of the farmers are small and marginal.
Malnutrition is a major issue in the taluk;
52.44% of children are underweight. Crop prod-
uctivity levels are very low due to adoption of
traditional practices. Agriculture is rainfed and
is the main source of livelihood. Migration is pre-
dominant in the taluk after harvesting the kharif
(rainy season) crops. The main issue for farmers
is the scarcity of water in summer and due to
undulated landscape, it is not possible to culti-
vate a second crop after rainy season. This situ-
ation in the region provides a unique opportunity
to assess and address livelihood issues in the re-
gion by tapping the potential of rainfed agricul-
ture through knowledge-based management of
natural resources for increasing productivity.

4.1.2 Climatic situation

Palghar district was formed on 1 August 2014
(earlier it was part of Thane district, Maharash-
tra). Palghar district comprises eight taluks, viz.
Dahanu, Jawhar, Palghar, Mokhada, Talasari,
Vada, Vasai and Vikramgad. As per the agroeco-
logical classification, Palghar district falls under
‘Central and South Sahyadris, hot moist subhu-
mid to humid transitional Ecological Sub Re-
gion’. Palghar district has mostly deep, loamy to
clayey red and lateritic soils with low to medium
(200 mm) available water capacity. The length
of the rainfed crop-growing period varies be-
tween 210 and 270 days. There is variation in
the rainfed crop-growing period across the
taluks due to the change in rainfall distribution
and topography. Average annual rainfall for
Jawhar taluk is about 2729 mm, and normal

monthly rainfall ranges from 3 mm in May to
1042 mm in July; rainfall is nil during December
to April.

The normal date of onset of the southwest
monsoon over Jawhar taluk is around 10 June
and the monsoon withdraws by the last week
of September. Monthly rainfall distribution in
Jawhar taluk indicates that July is the rainiest
month of the year. Rainfall activity generally
ceases by the end of October.

Weekly rainfall data of Jawhar taluk was
collected by the Government of Maharashtra for
19 years (1998-2016) (http://maharain.gov.in)
and the average weekly rainfall was computed.
Two contrasting years were identified as a wet
year (2011) and a dry year (1999) and the dis-
tribution of weekly rainfall during the major
crop-growing period (10 June to 28 October) for
these two years and for the 19-year average is
shown in Fig. 4.1. Average total rainfall during
the season is about 2699 mm; in the wet year
(2011), the total seasonal rainfall was about
3932 mm which was 46% above the average
while in the dry year (1999), the total seasonal
rainfall was about 1565 mm, which was 42%
below the average. In the wet year, three peaks
with a rainfall of more than 500 mm per week
were observed, and the total rainfall for these
three peaks is about 1740 mm; even during the
dry year, two peaks with rainfall of 230 mm and
300 mm per week were seen. This highlights the
need for proper runoff water management to
save crops from inundation and storage of excess
water for use during the following non-rainy
season.

4.1.3 Rainfed crop-growing period

The length of the rainfed crop-growing period is
the period of the year in which crops could be
grown successfully as both rainfall and moisture
stored in the soil will meet the moisture demands
of crops. Knowledge on crop-growing period
and its variability helps in choosing the right
crops and varieties for higher productivity as
well as identifying the optimum sowing time.
The beginning and end and length of the rainfed
crop-growing period at Jawhar taluk were iden-
tified (Fig. 4.2). Crop-growing period can begin
as early as 3 June, but could be delayed as late as
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1 July; a difference of about 28 days. On average,
the growing period begins by mid-June and ends
by mid-November, so the length of the growing
period is about 150-155 days.

Crop-growing period can end as early as 21
October and could extend up to 16 December; a
difference of about 55 days. Thus, the beginning
is more assured compared to the end of the
growing period; there is a risk of end-of-season
drought that can be managed by storing the ex-
cess water during the peak rainfall periods and
with proper water management.

4.1.4 Projected climate change

Global atmospheric concentration of carbon di-
oxide has increased from a pre-industrial level
of 280 ppm to 400 ppm in 2015. Various studies
show that climate change in India is real and it
is one of the major challenges faced by Indian
agriculture. Climatic change in terms of water
resource availability, changes in the length of
crop-growing period and droughts is likely to ag-
gravate the existing crop production risks. Both
the strategic (longer-term) and tactical (seasonal)
approaches are needed to manage climatic
variability for sustainable crop production and
rural incomes through efficient management of
natural resources.

A study carried out by International Crops
Research Institute for the Semi-Arid Tropics
(ICRISAT), Patancheru, India revealed a net re-
duction in the dry subhumid area (10.7 million
ha) in the country, of which about 5.1 million
ha (47%) became drier and about 5.6 million ha
(53%) became wetter, comparing the periods
1971-90 and 1991-2004 (Kesava Rao et al.,
2013). Results for Madhya Pradesh have shown
the largest increase in semi-arid area (about
3.82 million ha) followed by Bihar (2.66 million
ha) and Uttar Pradesh (1.57 million ha).

Relatively little changes occurred in An-
dhra Pradesh; semi-arid areas decreased by 0.24
million ha, which became both drier (0.13 mil-
lion ha under arid type) and wetter (0.11 million
ha under dry subhumid type). Results indicated
that dryness and wetness are increasing in dif-
ferent parts of the country in place of moderate
climates that existed earlier in these regions.

Projections of future climate are based on
the output of atmosphere/ocean general circu-
lation models and are used to simulate conditions

in the future based on projected levels of green-
house gases. There are several models available
with different spatial resolutions. Majority of
projections of future climate come from Global
Circulation Models, which vary in the way they
model the climate system, and so produce differ-
ent projections about what will occur in the
future. In the present study, Beijing Climate
Center Climate System Model version 1.1 (BCC_
CSM1.1) for the Coupled Model Intercomparison
Project phase 5 (CMIP5) was considered. Monthly
temperature and rainfall projections for the year
2030 for RCP 8.5 (Representative Concentration
Pathways) were collected for the area represent-
ing Jawhar taluk, Palghar district and are shown
in Figs 4.3 and 4.4.

Studies indicate that in addition to air tem-
perature, rainfall amount and intensity are
likely to change in future. These will impact the
amount of water that can be stored as soil mois-
ture and lost as runoff, thereby changing the
water availability to crops at critical stages. Re-
duction in yields as a result of climate change is
predicted to be more pronounced for rainfed
crops as opposed to irrigated crops because of no
coping mechanism for rainfall variability. Thus,
rainfed agricultural crop production would be-
come more challenging under future climatic
conditions.

Projected changes in maximum and min-
imum temperatures and rainfall for Jawhar
taluk show that there is great month-to-month
variation. In the Jawhar taluk, the annual max-
imum temperature is expected to be higher by
about 0.8°C and annual minimum temperature
is likely to be highest by about 1.0°C. Maximum
temperatures in July may increase by 1.2°C,
while minimum temperatures during winter
(November to February) are likely to increase by
1.2 to 1.5°C. A rise in temperature above a
threshold level will cause a reduction in agricul-
tural yields, but a change in the minimum tem-
perature is even more crucial. Though the lands
are mostly kept fallow in winter in this area, en-
couraging crop cultivation in winter is a way to
enhance incomes of farmers. Higher minimum
temperatures in winter are likely to hasten ma-
turity and reduce crop yields in future and intro-
duction of heat-tolerant varieties is likely to
bring resilience.

Jawhar taluk is projected to have a positive
change in annual rainfall of about 358 mm,
mostly due to increase in rainfall during July and
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August. This is a positive indication for Jawhar
taluk, as more water will be available for water
harvesting and storing during these months.
However, as June is likely to receive slightly lower

rainfall and June is crucial for sowing and trans-
planting operations, more focus is needed for ad-
dressing the lower rainfall and variability in the
sowing rains. Except for June, all other months
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are likely to have no change or higher rainfall
compared to the present conditions (Kesava Rao
etal., 2013).

4.1.5 Corporate social responsibility
opportunity

The JSW Foundation works consciously to sup-
port and empower communities by reducing so-
cial and economic inequalities by providing
better opportunities through health, education,
skill development and employment. It also works
to tackle the issue of malnutrition, facilitate to
make learning more effective and meaningful,
empower the youth through employable skill
programmes, ensure water security through
long-term watershed development programmes
and provide access to sanitation facilities in rural
areas to make them open-defecation-free.

The JSW Foundation works with Govern-
ment of Maharashtra to reduce malnutrition in
Jawhar taluk, Palghar district. The interventions
are mainly planned targeting the 0-6 age
group children, pregnant women and lactating
mothers. The focus of interventions are mainly
on the dietary supplement provision to the tar-
geted population. However, to eradicate malnu-
trion from Jawhar block, a long-term solution is
required. Agriculture being the mainstay of the
rural community in the region, agriculture-
based interventions need to be planned. At a pilot
scale, six villages, namely Ghivanda, Kogda,
Jamsar, Dabheri, Sakharshet and Chambharsh-
et were identified for malnutrition reduction
through climate-resilient agriculture interven-
tions (Fig. 4.5). The International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru, India initiated the preliminary
work with participatory rural analysis to get an
overall understanding of ground situation in
consultation with the local community. Discus-
sions were focused mainly on needs assessment
and interventions.

4.1.6 Pre-project scenario — constraints

Jawhar is a tribal block in Maharashtra state
characterized by high rainfall, water scarcity,
degraded soils and low crop productivity. About

84% of the households are engaged in agricul-
ture, which covers 64% of the geographical area
(Table 4.1). Agriculture landholding is also frag-
mented, with 24% of the households with less than
1 ha and 37% of the households less than 3 ha.

The major crops in this region are paddy,
finger millet, pigeonpea, black gram, ground-
nut, sesame and proso millet. The productivity
levels of paddy and finger millet are low. Most of
the area is under rainfed agriculture with sole
cropping system. Few farmers also cultivate
vegetables with irrigation. There are some plan-
tation gardens with mango, sapota and coconut.

The economic condition of farmers in this
region is poor. Agriculture is the main source of
livelihood; however, agricultural produce is
mainly used for household purposes. There are a
few progressive farmers cultivating marketable
vegetables and flowers.

Farmers’ perception about fertilizer appli-
cation is that their fields at the foothills get nutri-
ents from runoff water as it flows through
decomposed material in the forest area. Some
farmers use organic manure in the form of farm-
yard manure, and chemical fertilizers such as
urea and diammonium phosphate are also used.
Except for rice, farmers do not use improved cul-
tivars of crops. Farmers believe that the local
traditional varieties are more suitable to their re-
gion than the improved cultivars. Improper use
of chemical fertilizers and other inputs have in-
creased the cost of cultivation, which results in
poor economic returns.

Few farmers grow mango, cashew, sapota
and guava; but their productivity is lower. Ba-
nana cultivation is picking up. Progressive farm-
ers cultivating flowers and vegetables are getting
more benefits through available resources. Even
though farmers get profit, they cannot cultivate
their farms in rabi (the post-rainy season) be-
cause of open grazing of cattle and crop dam-
age. Due to low population density, farmers do
not get enough labour during peak season,
whereas during rabi season some people migrate
to other places in search of employment.

Farmers are not aware of good agricultural
practices. For example, farmers do not use fertil-
izer as per the soil and crop requirements. As a
result, soils may be deficient in major and micro-
nutrients. Soil fertility assessment needs to be
carried out as a priority. Due to poor land man-
agement practices and high rainfall, agricultural
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Table 4.1. Brief demographic information about the pilot villages.

Population (no.)

Village Households (no.) Male Female Land area (ha)
Ghivanda 323 805 844 808.52
Kogda 124 310 303 1405.07
Jamsar 305 730 731 941.12
Dabheri 321 938 882 875.15
Sakharshet 373 926 926 932.12
Chambharshet 288 829 845 807.95

land in these villages is degraded. Soil depths are
shallow and low in organic carbon. Water-holding
capacity is low to medium. Most of the farmers
do not have an irrigation facility. Although the
state government is providing 50% subsidy on
irrigation pumps, farmers cannot afford to buy
the pumps as farm holding size is very low.

4.1.7 Strategy and approach

Farm and land-based systems are complex with
a multitude of problems. It requires a holistic ap-
proach that considers social, economic, political
and institutional factors to achieve specific ob-
jectives. In this project, a holistic strategy has
been adopted that considers all farm and land-
based activities to take care of the multisectoral
needs of farmers. The schemes and programmes
initiated by central and state government have
also been linked up to tap the resources for the
welfare of the farming community. To gain com-
munity confidence on project interventions as a
strategy, knowledge-based entry-point activity
has been carried out in all the project villages;
this has helped to promote confidence among
the community members and generate aware-
ness among the masses.

To achieve the overall goal of this initiative,
emphasis was laid on increasing agricultural
productivity and improving livelihoods on a sus-
tainable basis by enhancing the impact of inte-
grated watershed management programmes
through capacity-building initiatives using site
of learning in high rainfall agroecoregions. The
project adopted consortium approach to bring
together the expertise of different areas to ex-
pand effectiveness of various project interven-
tions. In this project, the ICRISAT-led consortium
has helped address complex issues effectively

addressed by the joint efforts of key partners,
namely, Rural Commune as non-government or-
ganization (NGO), Krishi Vigyan Kendra (KVK),
Dr Balasaheb Sawant Konkan Krishi Vidyapeeth
Dapoli, government line department, community-
based organizations and other private interest
groups, with farm households as key decision
makers.

Implementation of this integrated approach
has been carried out through establishment of
consortium of partners by adopting the concept
of ‘4-C’ principles. The first ‘C’ is consortium of
research, education, field-based agencies and
market players to implement this programme ef-
fectively on ground. The second ‘C’ is conver-
gence with and within the agencies for providing
programme support, execution and monitoring.
The third ‘C’ is capacity building of the consor-
tium partners, farmers, implementing agencies
and other stakeholders. The fourth ‘C’ is collect-
ive action at all levels during programme imple-
mentation (Wani et al., 2003b, 2008).

In the overall programme partnership, the
watershed committee is a major player for exe-
cution and monitoring of the programme activ-
ities. The watershed committee is empowered
regularly towards programme activities. Consid-
ering the feminization of agriculture, the project
placed efforts for representation of women mem-
bers in watershed committee and also focused
on capacity building of women farmers and
female members of households. Also ICRISAT,
along with the agriculture department and Kris-
hi Vigyan Kendra of state agricultural univer-
sity, has been working on crop improvement
initiatives. The Rural Commune being the field
implementation partner in the location is re-
sponsible for community capacity building and
institutional support for implementation of ac-
tivities in a sustainable manner.
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4.1.8 Interventions

Interventions were initiated with the knowl-
edge-based entry point activity (Dixit et al.,
2007). Constraint analysis has helped under-
stand the issues related with the soil. Farmers
were trained to collect the soil samples in their
individual fields. A random stratified soil sam-
pling methodology (Sahrawat et al., 2008) was
adopted to collect the soil samples. In the six pro-
ject villages, 510 soil samples were collected
with random stratified method, to get an overall
understanding of soil health status in these pro-
ject villages (Table 4.2). In the project villages,
the farmers were trained on soil sample collec-
tion and details were shared on how to collect
the sample. The soil sample analysis indicated
that 8% of samples were deficient in organic car-
bon while 37% of soil samples were deficient in
available phosphorus. For micronutrients, 93%
of samples were observed deficient in available
sulfur, 24% were deficient in available zinc and
78% deficient in available boron in the soils.
Based on the soil sample analysis, in addition to
NPK (nitrogen, phosphorus, potassium) 2.5 kg/ha
borax, 25 kg/ha zinc sulphate and 100 kg/ha
gypsum were recommended.

4.1.9 Soil and water conservation

As mentioned earlier, the region has high rain-
fall and due to inadequate soil and water conser-
vation measures, soil erosion is a regular
phenomenon. To arrest soil erosion, the project
promoted soil conservation measures through
continuous contour trenches, staggered contour
trenches, gully plugs, etc. Over a period of two
years, 41 ha area was treated with various soil
and water conservation activities benefiting 102
households (Figs 4.6 and 4.7).

4.1.10 Rainwater harvesting

The villages face acute water shortage in sum-
mer. Hence, the project focused on desilting and
repairing of existing water bodies in the project
villages. The community was motivated for de-
silting of the water bodies in their respective vil-
lages and the project provided support for repair

of the structures, if any (Table 4.3). This has led
to water availability for drinking in summer in
the project villages. The project also focused on
desilting of existing check-dams in the project
villages to create water storage facility (Fig. 4.8).
Desilting has created additional storage capacity
of 31,417 m?. This would recharge 480,680 m?
water considering 5 cm per day infiltration rate
for 150 days (July to November). A success story
in Kogda village is given in Box 4.1.

4.1.11 Crop management

Although agriculture is the main source of live-
lihood of the households in the project villages,
the crop yields are below the district yields. Prod-
uctivity of paddy, which is a staple crop in the
villages, is 1.9 t/ha whereas the district average
is 2.56 t/ha. Productivity of other crops is also
low as compared to state and national averages.
ICRISAT demonstrated crop management prac-
tices in the project villages with the major crops
of the villages.

Paddy

Paddy is the major kharif crop in the villages and
is the staple food of the community. To reduce
the cost of cultivation and elevate the crop yield,
demonstrations were carried out by promoting
integrated crop management based on the
science-led interventions as needed. In this
context the project adopted line sowing as well
as efficient water management along with soil
test-based nutrient management practices for
increasing the crop productivity (Fig. 4.9). Dem-
onstration with 87 farmers was carried out with
the variety Gujarat 4. Even though the rainfall
was erratic and low with two long dry spells,
yield was low but comparatively good over the
traditional practice with an increase in yield of
about 34% (Table 4.4). Farmers are now show-
ing interest for the improved practices and are
willing to scale-up the line sowing method.

Finger millet

Finger millet is the second-largest food crop of
this region. Farmers usually grow the local var-
iety using the broadcasting method. The aver-
age yield of the crop is very low, i.e. 350 kg/ha.



Table 4.2. Soil fertility status of farmers’ fields in the project villages.?

Range of available contents (mg/kg soil)

No. of

Villages Samples oC Av P Av K Av S Av Zn Av B

Jamsar 50 0.49-2.15 (0) 3.8-25.0 (19) 52.46-565.05 (0) 0.80-7.91 (100) 0.28-4.06 (43) 0.22-0.89 (81)
Kogda 55 0.31-2.91 (0) 1.4-74.40 (47) 55.91-545.60 (0) 0.39-23.82 (95) 0.22-7.30 (66) 0.29-1.57 (75)
Sakharshet 97 0.27-3.50 (0) 1.4-89.80 (47) 47.55-561.80 (0) 0.47-43.57 (95) 0.44-772 (66) 0.24-1.14 (75)
Ghivanda 98 0.18-2.65 (14) 1.8-110.40 (51) 39.89-560.20 (2) 1.03-91.86 (92) 0.08-762 (7) 0.14-1.08 (67)
Dabheri 96 0.25-2.28 (9) 1.6-76.40 (29) 71.005-547.00 (1) 0.89-26.02 (84) 0.44-3.66 (11) 0.18-2.03 (73)
Chambharshet 98 0.26-3.50 (5) 0.8-120.40 (55) 47.27-539.76 (0) 0.41-267.53 (93) 0.24-10.13 (21) 0.07-3.31 (88)

aNote: Values in parentheses indicate % fields deficient in particular nutrient, i.e. baseline status of farmers’ fields, and does not involve statistics or significance. Critical value adopted
for delineating % deficiency are 0.5% for OC, 5 mg/kg for P, 50 mg/kg for K, 10 mg/kg for S, 0.58 mg/kg for B and 0.75 mg/kg for Zn. Based on the soil health assessment, for deficiency
of micronutrients, 25 kg/ha zinc sulphate (20% Zn), 2.5 kg/ha borax (20% B) and 100 kg/ha gypsum (15% S) were recommended. The secondary nutrient recommendations were based

on the crops.
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Fig. 4.6. Soil and water conservation work in (a) Kogda and (b) Sakharshet villages.
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Fig. 4.7. Farmers benefiting from soil conservation work in the project villages.

Table 4.3. Repair and desiltation work in the project villages.

No. of structures

Village Well repair Well deepening Desilting of check-dams Desilting of lakes
Ghivanda 8 6 5 1
Jamsar 4 3 1 1
Kogda 4 5 6 0
Chambharshet 10 9 0 0
Sakharshet 4 4 5 0
Dabheri 5 3 0 0
Total 35 30 17 2

ICRISAT introduced long-duration high-yielding
varieties MR 1 and GPU 28. Farmers were trained
for nursery preparation and transplantation of
crop. During kharif 2015, 44 finger millet dem-
onstration trials covering 5.5 acres were carried
out (Table 4.5). In 2015 scanty rainfall ham-
pered crop growth; however, the demonstration

plots showed 43% higher yield than the farmers’
practice (Fig. 4.10).
Groundnut

A foliar-disease-tolerant new variety of ground-
nut ICGV 350 has been introduced to replace
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Fig. 4.8. Desilted check-dam in Kogda village.

the traditional variety used by the farmers in
the project villages. In addition to the varietal
change, raised bed and broad-bed and furrow
system have been introduced in groundnut crop.
This has helped drain excess water from the field.
With the recommended dose of fertilizers, the
crop has shown encouraging results (Fig. 4.11).
In the demonstration plots, 48% higher yield
(1520 kg/ha) was obtained as compared to
farmers’ practice (1020 kg/ha).

Pigeonpea

Pigeonpea crop too has a prominent place in the
diet of the local people. As a new initiative, dem-
onstrations of pigeonpea and groundnut inter-
cropping were carried out. Traditionally, farmers
use the broadcasting method of sowing, so more
seed is required. ICRISAT provided seed of im-
proved varieties ICPL 88039, ICPL 87119 (Asha)
and ICPH 2740. The hybrid ICPH 2740 performed
very well in the project villages and produced
85% higher yield and ICPL 87119 and ICPL

88039 produced 51% higher yield as compared
to the local variety (Fig. 4.12).

4.1.12 Crop diversification

Farmers’ incomes were low with traditional
crops. To enhance income at household level
and for optimum utilization of available re-
sources, ICRISAT promoted and demonstrated
the post-monsoon crops as cash crops as well.
The post-monsoon crops helped farmers to obtain
more grain yield and cash crops helped gain add-
itional income at household level. The project
promoted cultivation of creeper vegetables in the
project villages, initially focusing on bitter gourd
covering 81 farmers in 15 ha (Fig. 4.13; also see
Box 4.2). These interventions have helped farmers
gain additional income at household level. Based
on the experiences and output achieved in bitter
gourd cultivation, the project supported the farm-
ers for diversified vegetable cultivation in the pro-
ject villages covering a 23.4 ha area (Table 4.6).
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Box 4.1. Desilting old structures to enable fertile lands.

Mahadu Sakharam Bhoye is a farmer from Bhoyepada hamlet of Kogda panchayat in Jawhar taluk. He
has a family consisting of nine members. With the introduction of the JSW project in his village, Rural
Commune has started working in his village. A watershed committee has been elected in the village and
a main watershed body of six villages was formed in which 12 members have been appointed and the
farmer has been chosen as the secretary of the committee named ‘Pragati Bahuudheshya Sevabhavi
Sansthan:

Most of the agriculture in the village is rainfed and farmers are totally dependent on rainfall to raise
their crops. In the village, there are three masonry check-dams which were built by the agriculture de-
partment in 2001. Despite this intervention, the village is facing water scarcity for agriculture purpose as
the water was used as last source for irrigation in long dry spells during the rainy season. Due to rainfall
of the past few years, silt had been deposited from 2001 and desiltation work had never been carried
out. In 2015, with the help of Rural Commune, it was proposed to desilt two check-dams in the village.
About ¥92,180 was spent to revive two check-dams with pitching in both sides. The community actively
participated in the work and also donated 2,538 in the form of voluntary labour. The farmer later ap-
plied all the removed silt (i.e. approximately 250 tons) to his barren wasteland of about 0.2 ha, thus
transforming it into highly fertile land. After the application, the farmer harvested vegetable crops like
brinjal (513 kg), chilli (1620 kg) and pigeonpea (180 kg) and sold the vegetables for ¥12,825, 348,600
and 214,400 respectively.

The farmer was surprised by the beneficial result of applying silt to his barren land and decided to
apply silt to the rest of his agricultural land and motivated his colleagues to do the same to increase the
productivity of their land. He says that this method can help retain lost fertility of soil; and old water-
holding structures will be recycled, resulting in the increase of the groundwater table. During the rabi
season, with the help of lift irrigation from the desilted check-dams, the farmer decided to harvest chick-
pea, onion, groundnut and maize in the silt applied area. Also, neighbouring farmers are lifting water
from the desilted check-dam and growing vegetables like cabbage, okra, guar (cluster beans), tomato,
onion, fenugreek and bottle gourd. In total, 3.04 ha of land was irrigated during the rabi season in 2015

after desilting of check-dams and vegetable crops were then cultivated.

Horticulture plantation

In the villages, most of the uplands remain bar-
ren. These are mostly cultivable wastelands where
farmers cultivate finger millet and foxtail millet
based on the availability of seed and time during
the monsoon season. However, the land remains
barren. After soil and water conservation works
in the land, the project promoted cultivation of
horticulture and forestry plantation. Horticulture
plantation has been carried out in all the six pro-
ject villages, covering 798 households (Table 4.7).

Rice fallow management

In the project villages, cultivating rabi crop is a
bonus for small and marginal farmers. Due to
lack of irrigation facilities at household level and
non-availability of irrigation infrastructure the
villagers were dependent only on the monsoon
crops. Post-rainy season agriculture lands used
to remain barren. The project helped the farmers
to utilize the available soil moisture for the second

crop and introduced chickpea (JG 11) in the
project villages. About 135 farmers participated
in the crop demonstration across six villages
(Fig. 4.14). The crop was grown only on the
available soil moisture after harvesting paddy.
Chickpea yield was 46% higher in the demon-
stration plots as compared to farmers’ practice.

Promotion of post-monsoon crops

The project has also focused on creating irriga-
tion infrastructure in the project villages,
mainly promotion of irrigation pumps, pipe lines,
sprinklers, etc. Irrigation facilities were provided
to the villagers on a group basis to generate
ownership among the community and also rev-
enue for future management and maintenance
of the asset created. The project has provided six
irrigation pumps and pipelines to women self-help
groups (SHGs), who are caretakers of these as-
sets and generate revenue by providing these
pumps to individuals. After establishing irrigation
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Fig. 4.9. Improved paddy crop management practice in Sakharshet village.

Table 4.4. Paddy yield and benefits with improved cultivation practices in project villages.?

Crop yield (kg/ha)
—  Additional return  Additional cost

Benefit—cost

Village No. of trials FP BN with BN (%) on BN () ratio
Jamsar 9 1240 1680 6298 2100 3

Kogda 15 930 2220 18180 2100 8.66
Sakharshet 17 2950 3560 8626 2100 4.11
Ghivanda 14 2220 2820 8379 2100 3.99
Dabheri 9 2920 3650 10246 2100 4.88
Chambharshet 23 2200 2800 8411 2100 4.01

aFP = Farmers’ practice; and BN = Balanced nutrition.

Table 4.5. Finger millet crop yield with balanced nutrient management.?

Crop yield (kg/ha)
_— Additional return Additional cost

Benefit-cost

Village No. of trials FP BN with BN (%) on BN (%) ratio
Kogda 18 320 690 6068 2100 2.89
Ghivanda 13 310 870 9193 2100 4.38
Dabheri 13 430 670 3935 2100 1.87

aFP = Farmers’s practice; and BN = Balanced nutrition.
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Fig. 4.10. High-yielding finger millet crop in Sakharshet village.

Fig. 4.11. Groundnut crop in Ghivanda village.
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Fig. 4.12. Yield of improved pigeonpea varieties compared with local cultivar.

Fig. 4.13. Bitter gourd cultivation in Sakhershet
village.

infrastructure, green gram (LGG 460) and wheat
(HI 1531) were introduced in the project vil-
lages. Green gram has shown 24% higher yield
with irrigation as compared to farmers’ practice.
In case of wheat, only three demonstrations
could be worked out with assured irrigation pos-
sibility. Control plots with local variety available
with the farmers were also established. The dem-
onstration plots have recorded 29% higher yield
as against the control plot (Fig. 4.15).

4.1.13 Graduation of tribal farmers
to protected cultivation of vegetables

Vegetable cultivation has helped the farmers to
gain confidence and understand the benefit of cash

crops. Building on the assurance, the project
promoted cultivation of high-value cash crops.
Following discussions with the community, a
group-based net house was established in five
villages based on the demand (Fig. 4.16). The
project provided soft loan to these members for
infrastructure establishment. The output of first
year interventions is given in Table 4.8. In a span
of 150 to 180 days, farmers earned 33000 to
10,000 from protected cultivation.

4.1.14 Microenterprises

Small-scale entrepreneurship through water-
shed development plays a significant role in poor
people’s lives and is one of the key factors to up-
lift people out of poverty (Anantha et al., 2009).
Some of the activities are the backbone on which
the rural society survives in most arid and semi-
arid regions. Watershed development is primar-
ily aimed at sustainable management of natural
resources contributing to overall agricultural de-
velopment and livelihood promotion in rural areas.
The project focuses on establishing microenter-
prises in the project villages. Village seed bank
and nursery raising have been introduced in the
project villages as income-generating activities.

Village seed bank

The introduction of hybrid technology made farm-
ers depend on external sources for replenishing
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Box 4.2. Technical guidance from JSW-ICRISAT programme helps farmer overcome debt trap.

Vijay Balwant Bhoye, a farmer from Kogda village has 3 acres of land. His family consists of six mem-
bers and the entire family depends on agriculture for their livelihood. He usually harvests crops such as
finger millet, paddy, pigeonpea, black gram and safflower, mainly grown under rainfed conditions. Dur-
ing the recent decade due to irregular rainfall and late arrival of the monsoon, sowing was delayed and
resulted in reduced productivity for the farmer and his family, which eventually forced them to migrate to
Thane or Palghar for earning their livelihood.

After migration, the farmer was in debt as the contractors did not pay him on time and his family
was struggling for food. He was also burdened with the additional expenses of his children’s education
and his parents’ health care. It was after the introduction of the JSW-ICRISAT programme, that the
farmer’s life gradually started to improve. Also, regular meetings by the Rural Commune (RC) staff
helped motivate the farmer to improve productivity.

After a series of meetings with the RC staff, the farmer tried cultivating bitter gourd by the mandav
(trellis system) method, which helped him make a regular income. During May 2015 in about 1 acre of
land, the farmer dug pits and filled them with farmyard manure (FYM). He also procured a loan from
neighbouring farmers for purchasing bamboo, strings, ropes and FYM for raising the mandav for bitter
gourd. The expenditure incurred was ¥16,525.

The production of bitter gourd started from the first week of August. With proper guidance from the
RC staff for collective marketing, the farmer took the produce to a common collection spot where they
would weigh the produce. The vehicle used would take all the vegetable produce of his village and
other neighbouring villages to Vashi wholesale vegetable market in Mumbai. The calculation of the
profit was done on a weekly basis and he started to earn money from it. The farmer sold a total of 8500
kg of bitter gourd from 1 acre of land. Also, the RC staff had motivated him to keep a note on the details
of expenditure and profit. He procured an income of 276,500 from selling bitter gourd, with net profit of
%59,975.

The farmer’s net profit helped him pay old debts. Due to the meetings with the RC, he was motiv-
ated and learnt new techniques and now he is growing more vegetables such as cabbage, tomato,
cowpea and chilli in rabi season. In 2015 during ‘Farmers’ Day’ farmers visited his farm. The event has
made the farmer very proud. He is also working in watershed activities taken by the project and is thank-

ful to ICRISAT for helping farmers.

Table 4.6. Vegetable cultivation in project villages.

No. of Area covered

Vegetable farmers (ha)
Onion 29 2
Chilli 25 1
Brinjal 25 15
Tomato 49 2
Cowpea 2 0.2
Cluster bean 4 1
Cucumber 4 1
Okra 33 9
Broad bean 7 12
Bottle gourd 4 15
Sponge gourd 6 25
Pumpkin 2 0.5

seeds every season to gain higher productivity.
The inability of small and marginal farmers to
purchase hybrid seeds every season and avail-
ability of quality seeds in the rural market is a
cause of concern. Therefore, the project made an

attempt to establish village seed bank as an in-
come-generating activity to meet self-sufficiency
in production and distribution of quality seeds.
This involved four women SHGs and one farm-
ers’ group. The current availability of seeds in
the village level seed bank is given in Table 4.9.

Nursery raising

Nursery raising is a means of livelihood for a large
number of people. It provides income-generating
opportunities for the local communities. It also
enables capacity building and upgrading skills
of members of the communities. Nursery rais-
ing generates cash income for poverty allevi-
ation. It provides an opportunity for women and
aged people to contribute to income generation
with flexible working hours. Overall, six nursery
raising units in the project villages have been
promoted covering six women SHGs. This has
helped earn additional income of %20,000 to
%50,000 per group.
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Table 4.7. Horticulture plantation in project villages.

No. of Custard
Village farmers Mango Cashew Sapota Guava Lemon apple
Sakharshet 89 841 396 315 920 0 0
Chambharshet 110 110 230 110 110 0 0
Kogda 38 280 106 141 115 0 0
Jamsar 368 368 165 131 166 0 0
Ghivanda 1210 1210 369 252 302 70 34
Dabheri 325 325 112 55 55 0 0
Total 2140 3134 1378 1004 838 70 34

Fig. 4.14. Chickpea crop demonstration in Chambharshet village.
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Fig. 4.16. Protected cultivation of cucumber in Chambershet village.

Table 4.8. Farmer income from protected cultivation.

No. of Net house Yield Total income Income per
Village farmers area (m?) Crop (kg) ® farmer (%)
Kogda 4 784 Bitter gourd 1,078 42,385 10,596
Ghivanda 4 952 Cucumber 2,384 34,740 8,685
Jamsar 4 748 Cucumber 1,019 14,400 3,600
Sakharshet 2 352 Cucumber 350 6,200 3,100
Chambharshet 6 1,024 Cucumber 1,177 22,294 3,716
Table 4.9. Seed bank in project villages with seed (kg) of five crops.
Village Pearl millet Finger millet Paddy Groundnut Pigeonpea
Ghivanda 0 4 8 70 3
Jamsar 0 3 5 100 2
Kogda 0 0 10 40 0
Sakharshet 0 10 7 93 0.5
Dabheri 1 0 0 55 3.5
Chambharshet 2 6 30 70 2
Total 3 23 60 428 11
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4.1.15 Market linkages

The project has shown farmers the ways and
means of improved production and to harvest
additional benefits from the available resources
within the villages. However, the project area
being in the interior part of the district, accessi-
bility to the market is an issue. The two nearest
markets to the project locations are Nashik and
Navi Mumbai. The project focuses on collectiv-
ization of the produce at the central place, the
produce gets sorted and graded, farmer-wise
quantity gets recorded and the produce is
transported to the Navi Mumbai or Nashik
Market. At both the markets, the identified
dealer communicates the price and the pro-
duce is sold to the respective market. The trans-
port cost incurred is divided among the
farmers, based on the quantity each individual
is sending to the market.

4.1.16 Overcoming malnutrition

As mentioned earlier, the project area has been
facing a severe problem of malnutrition. The
project exclusively targeted families having
malnourished children as identified under the
Government of Maharashtra’s Integrated Child
Development programme. Specific interven-
tions, mainly vegetable cultivation as kitchen
garden for consumption purpose were pro-
moted. Under the cropping system, the project
focused on introduction of its iron-rich pearl
millet variety ‘Dhanshakti’ for consumption
purpose along with the promotion of chickpea
(see Box 4.3).

4.1.17 Marching towards mechanization

Farmers in the project villages mainly consti-
tute small and marginal farmers having small
landholdings. During the monsoon season
availability of labour is an issue. The con-
ventional tractor-based farm equipment are
not suitable for field operations. The project
invested in suitable small equipment like
power tillers which help support easy farm
operations.

4.1.18 Impact

The watershed project had positive impacts
on the livelihoods of the community and on
the natural resource base. Community-based
organizations were strengthened and led to
greater social capital for the rural population.
Incomes and employment opportunities in-
creased leading to reduction in outbound
labour migration. Water availability signifi-
cantly increased. Creation of water harvesting
structures helped harvest 1,361,927 m? of
water. Improved agricultural practices showed
increase in crop yields by 35% to 75% result-
ing in additional income of %15,000 to
25,000 per ha. Promotion of cash crops,
mainly vegetable cultivation, helped gain add-
itional ¥8,000 to 10,000. Capacity building
measures and the empowerment of farmers,
NGOs, extension workers and SHG members
were enhanced.

4.2 Low-rainfall Zone — Ballari,
Karnataka

4.2.1 Site specification

One of the requirements from JSW was to select
villages in vicinity to their factory. The team
comprising scientist from ICRISAT, officials
from Department of Agriculture, Karnataka,
and JSW have visited villages in Sandur taluk to
identify the project locations. The four villages
identified for the project were Dodda Anthapura,
Chikka Anthapura, Kodalu and Joga. In these
villages 1930 families are practising agriculture,
while 293 families are landless. The villages are
located about 25 km from the JSW factory in
Toranagallu and 35 km from Ballari district
headquarter.

There is a variation in resource endow-
ments in these villages showing the oppor-
tunity to introduce different activities for the
betterment of the community. The area is un-
dulating and mainly depends on rainfall. The
main sources of irrigation are bore well and
open well. Each family generally has landhold-
ing of 2—5 acres, with a few families having up
to 10 acres. Type of soil is red, loamy with few
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Box 4.3. Preventing malnutrition through proper guidance.

Rajendra Mahale, a farmer from Sakharshet village, belongs to a joint family with 12 members. He
is currently a watershed committee member in the village. He is working in the project imple-
mented by ICRISAT and Rural Commune supported by JSW Foundation. The project team has
been working extremely hard to eradicate malnutrition in the village and Rajendra regularly at-
tends the monthly meetings in which the team takes decisions and brainstorm about the activities
and issues happening in the project area. Rajendra’s daughter, who is 3 years old, is severely
underweight and it was only after attending the meetings that Rajendra became aware about the
issue of malnutrition.

In September 2016, the project team had detailed the members about their approach towards
eradicating malnutrition from the selected villages by motivating farmers to undertake nutrient en-
riched rabi crop and reduce migration of farmers to towns and cities during dry season. Rajendra
decided to cultivate chickpea crop as it has good protein source. He cultivated the crop on 0.05 ha
land as per the guidance of the project staff. He invested about *1094 for irrigation, labour and har-
vesting. He harvested about 62 kg of chickpea, which he utilized to feed his family. It was the first time
Rajendra had cultivated chickpea crop and he is now thankful to JSW, ICRISAT and Rural Commune

for helping his village to combat malnutrition and prevent migration.

patches of black soil. The decadal analysis of
rainfall data (1996-2005) showed that the high-
est rainfall occurred in Sandur taluk (752 mm)
and the lowest at Ballary (452 mm) with an-
nual normal mean rainfall of 611 mm in the
district. The southwest monsoon contributes
73% of the total rainfall in the district, while
the northeast monsoon contributes 27% of
total rainfall in the district. The mean max-
imum temperature in the district is 40.4°C and
the mean minimum temperature is 14.3°C
(January). Relative humidity ranges from 48%
to 74% in the morning and 27% to 61% in the
evening.

Agriculture contributes major portion of
the income of the taluk. The main food crops are
sorghum, paddy, maize and pulses, while the im-
portant commercial crops are sunflower, saf-
flower and cotton. Though the productivity has
shown a declining trend in the past few years,
performance is better than the state average in
terms of production and yield with reference to
paddy, pulses, sorghum and cotton. Major horti-
cultural crops grown in the district are chilli,
coriander, pomegranate, mango and coconut.
The current yield level is lower by 2—3 times the
achievable potential yield of major dryland
crops in the taluk. Even in irrigated belts of the
taluk also the paddy yield is quite low. Overall,
the yield of major dryland crops is far below the
achievable yield.

4.2.2 Challenges and opportunities

Shift from agriculture to industry

The district is endowed with iron ore and famous
for mining and related industrial activities which
has provided employment opportunities for the
young population. As a result of the available in-
dustrial employment opportunities, agriculture
is left for elders and women, coupled with un-
availability of labour force and falling returns
due to low crop yields and price constraints.

Land use pattern

The average landholding is about 2.6 ha per
household. In kharif season, 1.18 ha of land is ir-
rigated, 1.14 ha is rainfed and rest is fallow land.
During rabi, about 0.42 ha land is irrigated and
rest is fallow. Similarly, in summer only 0.52 ha
of land is irrigated and the rest is fallow. This
land use pattern shows the lack of irrigation
facility, which has implications on rabi and sum-
mer season cultivation.

Water resources

The unpredictable distribution of rainfall was af-
fecting crop growth and total yield. Large num-
bers of bore wells and open wells are defunct,
and need recharging structures. This provides
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an opportunity to improve groundwater re-
sources by adopting proper land and water man-
agement interventions.

Market availability

Currently farmers sell their agricultural prod-
ucts in nearby district markets such as Ballary,
Davanagere and Raichur. Good numbers of agri-
cultural producers’ marketing cooperatives are
available to store their products. Apart from
local markets, farmers sell their agricultural pro-
duce like horticultural produce to distant mar-
kets in Bengaluru and Hyderabad. The presence
of JSW township is also a good opportunity to
market their produce.

Land degradation

Due to persistent mining activities in and around
the project villages and poor land management
practices, agricultural lands in these villages are
severely degraded. Lands are undulating with shal-
low soils and low in organic carbon. Water-holding
capacity is poor. Thus, levelling and trench cum
bunds (staggered trenches) across the slopes are re-
quired in order to conserve the soil and water.

4.2.3 Interventions

Soil test-based balanced nutrition trials

Farmer participatory approach was followed for
collecting soil samples from selected villages. Strati-
fied soil sampling methodology was adopted for
sampling. The area was divided based on topog-
raphy and cropping system. Farmers were trained
for collecting soil samples from their fields. In total,
100 soil samples were collected in the selected
villages. Analysis of soil for macro- and micronu-
trients was completed at ICRISAT laboratory.

The soil analysis results are presented in
Table 4.10. Organic carbon is used as a proxy for
nitrogen. The results revealed that most of the
farmers’ fields had sufficient amount of major
nutrients. For example, none of the fields was de-
ficient in potassium and very few fields were defi-
cient in phosphorus and had low organic carbon
content. Similarly, only 20% and 8% of fields
were deficient in sulfur and boron respectively.
The only deficient micronutrient was zinc. Based
on these results, soil health cards were prepared
and distributed to farmers in all four selected vil-
lages. The soil health cards include information
on farmers’ land, soil fertility status and nutrient
recommendations for major crops grown in this
region.

Soil test-based balanced fertilizer trials were
conducted in famers’ fields in selected villages
to demonstrate the advantage of micronutrient
application in addition to the application of ni-
trogen, phosphorus and potassium fertilizers.
Farmers applied 200 kg gypsum, 12.5 kg zinc
sulphate and 2.5 kg borax per hectare in im-
proved practice and compared with farmers’
practice. The treatments were imposed on plots,
side by side and uniform crop management prac-
tices were ensured in all the treatments. Applica-
tion of all the nutrients except nitrogen was
made as basal: 50% of nitrogen dose to non-
legumes was added as basal and the remaining
in two equal splits at one-month intervals.

Farmer participatory evaluation of improved
cultivars

Many farmers in selected villages use low-yielding
old or local cultivars. Farmers’ participatory var-
ietal evaluation trials were conducted to demon-
strate the yield advantage of improved crop
cultivars as compared to existing low-yielding cul-
tivars. The important crop cultivars included in
these trials were with castor DCH 519, pear] millet

Table 4.10. Chemical analysis of soil from selected villages.

Deficiency (%)

Village Organic carbon Phosphorus Potassium Sulfur Zinc Boron
Chikanthapur 0 20 0 0 90 0
Doddanthapur 27 13 0 10 77 10
Joga 5 15 0 5 80 15
Kodalu 18 4 0 21 75 7
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ICTP 8203, pigeonpea ICPL 87119, ICPH 2671
and ICPH 2740, groundnut ICGV 91114 and
sorghum PVK 801, CHS 14, CSV 23 and CSV 15.

Rainwater harvesting

The ridge to valley approach was followed for
achieving equity and access to water. The low-
cost structures are proven for sustainability,
equity as well as cost-effectiveness. The location,
number of structures and designs were evalu-
ated by ICRISAT and executed by locally ap-
pointed organization. The impact of rainwater
harvesting on water resources was evaluated by
monitoring groundwater levels. Fifty-two wells
were selected across the topo-sequence for meas-
uring groundwater level at a fortnightly inter-
val. An automatic weather station has been
established to collect weather data on rainfall,
air and soil temperature, solar radiation and
wind velocity and direction. Rainfall monitoring
is necessary to help quantify the amount of
moisture availability in different phenophases
of crop growth, to estimate the crop water re-
quirements, and also to assess runoff, soil loss
and groundwater recharge. Most importantly, it
helps the community to understand about crop
water usage and for irrigation scheduling.

Capacity building programmes to improve
livelihoods

Capacity building programme is very import-
ant activity in the watershed programme for

sustainability of the interventions implemented
and to carry forward the activities after the
project period. Several capacity building pro-
grammes including technical training, field
days, exposure visits were conducted for farmers
and women'’s self-help groups (SHGs) to train
and build their capacity for enhancing crop
productivities and improving livelihoods. In
addition to the formal training programme,
awareness-building campaigns were organized
on the occasions of events such as International
Women’s Day and World Environment Day.
A total of 50 capacity-building programmes
were conducted during the project period, bene-
fiting all the farmers in the villages.

4.2.4 Impact

Increase in crop productivity with balanced
nutrient management

In all the trials, yields were recorded at maturity
by harvesting the crop at three spots in a treat-
ment measuring 3 x 3 m and the average of three
was used to compute yield in kg/ha. Results from
farmers’ field trials indicated that crop yield can
be increased with improved agronomic prac-
tices. Figure 4.17 indicates grain yield increase
from 8% to 29% for all the crops with the appli-
cation of micronutrients. Maximum yield in-
crease was observed in cotton (29%). The cost of
micronutrient for 1 ha of land was %953 (2.2
per kg for gypsum, %33 per kg for zinc sulphate
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Fig. 4.17. Grain yield of major crops under farmers’ practice (NPK only) and improved practice (NPK+Zn+S+B).
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and %40 per kg for borax). The observed add-
itional grain yield was 100, 660, 500, 280, 310
and 294 kg/ha for pearl millet, sorghum, maize,
groundnut, sunflower and cotton respectively.
This clearly indicated a return of 1.6, 10.4,
6.3,10.9, 9.8 and 9.3 respectively on every rupee
spent on micronutrients.

Soil analysis revealed a sufficient amount of
phosphorus in the soils; however, farmers were
using diammonium phosphate (DAP) fertilizer
as source of nitrogen. Unknowingly, farmers
were applying the phosphate fertilizer. In this
context, phosphorus fertilizer trials were designed
(with and without phosphorus application) for

different crops to investigate the effect on crop
performance. The results of these trials are pre-
sented in Fig. 4.18. Grain yield in the treatments
was generally similar. Thus, it was scientifically
established that crops cultivated in these soils do
not require phosphorus fertilizer and DAP could
be replaced by urea as source of nitrogen.

High-yielding improved cultivars

The grain yield of different crop cultivars is
shown in Fig. 4.19. There was 28% grain yield
advantage of castor hybrid DCH 519 over farm-
ers’ variety. Pearl millet variety ICTP 8203 gave
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Fig. 4.18. Grain yield of different crops with and without phosphorus (P) application.
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17% grain yield increase over farmers’ variety.
Pigeonpea hybrids ICPH 2671 and ICPH 2740
and variety ICPL 87119 showed yield increase
of 17, 38 and 17% respectively as compared to
existing cultivars. In the case of sorghum, PVK
801 had increase in grain yield by 12% and CSV
23 by 16% compared to local varieties.

Increase in water availability

Various soil and water conservation struc-
tures were constructed in selected villages for
minimizing land degradation and improving
groundwater recharge. Rainwater harvesting
structures such as farm ponds, check-dams
(Fig. 4.20), bore well recharge pits and percola-
tion tanks were established in consultation with
the village community. Also, runoff was diverted
to defunct open well and existing structures were
rejuvenated. Similarly, gully plugs and field bun-
ding were constructed for reducing soil erosion.
Table 4.11 shows the total number of structures
established during the three years of the project.
Through these efforts a total of 33,000 m? of rain-
water is expected to be harvested during a normal
monsoon season. The impact of these rainwater
harvesting structures was clearly visible from
observed groundwater levels near rainwater
harvesting structure and levels away from the
structure. Figure 4.21 clearly indicates the rise
in groundwater level near the structure during
monsoon as compared to level away from the
structure. During the post-rainy season the
levels for both the locations were similar indicat-
ing the depletion of level as a result of irrigation
or groundwater recharge.

(@)

Livelihood activities

Several income-generating activities viz. agarbathi
(incense sticks) making, kitchen gardening,
Gliricidia nursery, vermicompost preparation have
been introduced in the villages. The necessary
training and financial support were provided to
women self-help groups through the project.
These activities have contributed to increase in-
come of beneficiaries, for example, nursery
preparation activity earned Rs 22,000 per year.
Kitchen garden initiative has provided add-
itional income of Rs 500-800 per month in
addition to improved home nutrition through
consumption of vegetables. Animal health de-
velopmental programmes and activities were
also taken up in all the watershed villages for
improvement of livestock in watershed villages
every year. About 700-800 livestock were treat-
ed to prevent diseases and thus improved milk
production (average 0.5-1.0 1/day/animal).

4.3 The Way Forward

The small farm holders in these regions have
shown potential to bridge the large yield gaps by
actively adopting to the change, and they con-
tinue to do so; however, these efforts need to be
supported by capacity building efforts. As the
terrain is undulating providing reduced space
for traditional agriculture, tree-based farming
needs to be considered on priority basis. The pro-
ject has initiated market linkages, which need to
be further strengthened with the value chain
adaptation approach. Both the locations face

Fig. 4.20. Check-dam full with rainwater in (a) Kodalu and (b) Chikanthapur villages.
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Table 4.11. Soil and water conservation and water harvesting structures constructed in selected villages.

Potential

rainwater

harvesting  Beneficiaries
Structure 2013-14 2014-15 2015-16 2016-17 capacity (mq) (no.)
Gully plugs (no.) 90 0 0 6 480 46
Farm pond (no.) 9 3 5 7 6,000 24
Mini-percolation tank (no.) 2 1 0 0 300 4
Bore well recharge pit (no.) 15 1 0 3 60 19
Nala bund (no.) 1 0 0 1 12,000 20
Check wall (no.) 1 0 0 5 3,000 6
Check-dam (no.) 3 7 2 7 6,600 60
Wastewater treatment tank (no.) 1 0 0 1,500 5
Field bunding (m) 17137 2,967 4,020 12,500 - 126
Silt removed from old check- 360 819 165 4,300 4,400 50

dams (m?3)

Open well recharging (no.) 0 4 0 2 300 6
Total - - 34,640 366
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Fig. 4.21. Impact of rainwater harvesting (RWH) on groundwater level at Doddanthapur village. (T = near

RWH structure; UT = away from REH structures.)

scarcity of water during the post-monsoon
period irrespective of amount of rainfall received.
Thus effective water management practices
coupled with micro-irrigation practices need to
be promoted.

The sustainability of the watershed pro-
gramme after the project phase will be ensured by
the four key factors, viz. effective participation of
large numbers of community people (clearly in-
dicating that they got tangible economic benefits

and the watershed interventions met their needs),
presence of strong and effective community-
based organizations, availability of watershed
development fund (for repair and maintenance
of the structures during the post-project phase)
and strong linkage with the village panchayats.
During the watershed programme, community-
based organizations were given high priority to
make them effective and strong. This will be fur-
ther strengthened through capacity building
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Box 4.4. Increasing yield through use of wastewater.

A decentralized wastewater treatment unit was constructed in Doddanthapur, which receives domestic
wastewater from 250 households. This treated water was used by three farmers for irrigating cotton and
pearl millet crops. Ms Thayamma, one of the farmers, harvested an additional 800 kg yield in cotton
crop compared to non-irrigated crop. This has resulted in an additional income of Rs 34,000 with the
use of treated wastewater. She also cultivated pearl millet in summer season using wastewater. Pearl
millet crop gave higher yield (1000 kg) and earned income of about Rs 22,000. Before the project, Ms
Thayamma used to cultivate one crop through wastewater without treatment and suffered skin prob-
lems. Now she is happy that the wastewater that accumulates around her house has been put to pro-
ductive use while preventing health problems.

Box 4.5. JSW watershed initiative brings changes in SHG women’s lives.

Mrs Vanajakshi is the group leader of Manasa women’s self-help group in Joga village. Her husband
works as an agricultural labourer. Under the active leadership of Manasa SHG has grown Gliricidia nur-
sery. The saplings were provided to project and in the village, which gave an additional income of more
than Rs 22,000 per year out of season.

Mrs Vanajakshi was also proactive and instrumental in taking up an income-generating activity of
vegetable cultivation in a small piece of a land (100 sq m). These vegetables were primarily used for
household consumption and excess quantity was sold in the village that also gave additional income of
about Rs 500-800 per month.

The watershed project helped Vanajakshi to adopting income-generating activities, she became
the proud owner of a small grocery store and net savings of about Rs 500 per month. Before the water-
shed project her financial condition was precarious. The additional income has helped to support her
family expenditure.

implementing the watershed project; Mr Muku-
nd Gorakshkar, Dr C.S. Kedar, Dr Vishwanath

and financial support, and by providing strong
linkage with various institutions like market,

banks, etc. These factors will go a long way in
sustaining the impact of the watershed pro-
gramme after the project phase.
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Abstract

Water plays an important role in the semi-arid tropical region to address water scarcity, land degradation, and
crop and livestock productivity which improves the rural livelihood system. The Charminar Breweries (formerly
SABMiller, and since merged with AB InBev) in Sangareddy district, Telangana, India has adopted an integrated
approach to address the above issues in nearby villages of the plant under corporate social responsibility initiative
between 2009 and 2017 in a phased manner. The major interventions implemented in the project focused on
rainwater harvesting, productivity enhancement through soil test-based fertilizer application, improved crop cul-
tivars, enriching soil organic carbon and improved agronomic practices. Further, livestock productivity was
addressed by promoting spent malt (a by-product of the brewing industry, rich in carbohydrate, protein and other
minerals) and improved breeding through artificial insemination. Various ex-situ interventions for water man-
agement enabled harvesting of nearly 150,000 m?* water every year and facilitated groundwater recharge, which
resulted in increased water table of 0.5-1 ft across the geographical extent of nearly 7000 ha. Further, product-
ivity interventions enhanced crop yield and cropping intensity by 30-50% compared to baseline situation. The
livestock interventions enhanced milk yield by 1-2 1/day/animal. The watershed programme also introduced
various income-generating activities for women and landless such as distribution of spent malt as animal feed,
kitchen garden, vermicomposting and nursery raising. The programme has benefited nearly 5000 households
directly or indirectly and increased household income by 210,000 to ¥25,000 per annum and contributed sig-
nificantly towards improving rural livelihood along with strengthening various environmental services.

5.1 Introduction industries. The looming water scarcity as well as

the projected increasing water demand by com-

Management of water resources has an im- peting sectors like agriculture, environment and
portant role in semi-arid regions, not only for industry demonstrates that users are bound to
increasing agricultural productivity and im- put more pressure on the scarce and finite water
proving the livelihoods of the poor, but also for  resources. As there is a direct link between in-
sustainable development of many water-based creasing agricultural productivity and economic

* Corresponding author: r.nune@cgiar.org
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development for poverty reduction, it is evident
that 1% increase in agricultural yields translates
to 0.6—1.2% decrease in the number of absolute
poor (Thirtle et al., 2002; World Bank, 2005).

5.1.1 The initiative

The Charminar Breweries (formerly SABMiller,
and since merged with AB InBev) is located on
the bank of river Manjira, a perennial tributary
of river Godavari, in the Sangareddy district of
Telangana, India (Fig. 5.1). The Manjira river
water is one of the major water resources. The
farmers located near the river Manjira divert the
river water to their fields for irrigation, especially
during dry and rabi (post-rainy) seasons. It is
critical to ensure that the surrounding commu-
nities do not view the factory as an exploiter of
the water resources and for this necessary care
needs to be taken to ensure sustainable devel-
opment and management of the limited water
resource in the surrounding areas. Under these
circumstances, SABMiller and the International
Crops Research Institute for the Semi-Arid Trop-
ics (ICRISAT), Patancheru decided to adopt an
integrated water resource management approach
at catchment scale as a key to address water sus-
tainability and management in the surrounding
villages of Charminar Breweries for improving
rural livelihoods as a win-win strategy.

5.1.2 Goal and objectives

The overall goal and objective of SABMiller ini-
tiative is to develop sustainable water resources
in the surrounding areas of the factory while
contributing to improving the livelihoods of the
people dependent on agriculture. The specific
objectives of the project are as follows.

(i) To improve water availability and agricul-
tural productivity in selected villages through
rainwater conservation, harvesting, its efficient
use, and productivity enhancement measures
for improving livelihoods.

(ii) To build capacity of the farmers in the se-
lected villages to develop sustainable water man-
agement practices and enhance groundwater
availability and use efficiency.

5.2 ICRISAT-SABMiller India
Project
5.2.1 Background of the study area

The ICRISAT-SABMiller India Project has taken up
integrated watershed management programme
in a geographical area of around 7665 ha,
spread across ten villages, located just 10—15 km
away from Sangareddy town of Sangareddy
district in Telangana state as shown in Fig. 5.1.
The study area falls in one of the semi-arid trop-
ical regions in the state, which is a hot spot for
poverty, hunger, malnutrition, food insecurity,
water scarcity and degraded land resources. This
project was started in 2009 in four villages,
namely Fasalvadi (Sangareddy mandal), Venka-
takistapur, Shivampet and Chakriyal (Pulkal
mandal). In 2013, the project expanded to three
other villages, namely Sultanpur, Korpole and
Vendikol (Pulkal mandal), and then in 2014,
additional three villages, namely Chowtakur,
Bommareddygudem and Upparigudem (Pulkal
mandal) were added to the project. The project
villages had a total population of 30,738 and
5754 households (Table 5.1). The average an-
nual rainfall in the project area is around 895 mm.
The villages are characterized by undulated
topography with an average slope of 2.5%. Soil
in these villages is dominated by Vertisol (black
cotton soil) with medium to high water-holding
capacity.

Of the total geographical area of the project
villages, 90-92% of area is under agricultural
use and the remaining area is under wasteland
and non-agricultural use in the villages. Of the
total agricultural area, 73% of area is rainfed
and 23% of area is under irrigation condition
(Table 5.2). The farmers grow cotton and maize
predominantly in rainfed areas, and paddy and
sugarcane in irrigated areas of these villages.

5.2.2 Identification of constraints
During rapid rural appraisal assessment done by
the team of ICRISAT scientists in the selected vil-
lages, the following constraints were identified.

e The soils were low in fertility because of im-
balanced use of inputs of plant nutrients
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SAB Miller India Project
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Fig. 5.1. Location map of SABMiller India Project villages.

through external sources and very low
addition of organic matter.

Inappropriate land and water management
systems and insufficient water harvesting
structures have led to a decrease in ground-
water levels with time.

There was hardly any evidence of efforts
being made for water conservation, harvest-
ing, storage and recharge of groundwater.
The storage capacities of traditional water
harvesting structures used by the commu-
nity for domestic and cattle uses were re-
duced by siltation and poor maintenance.
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Besides water scarcity, fields were deficient
in secondary and micronutrients like sulfur,
zinc and boron in addition to organic car-
bon, nitrogen and phosphorus.

5.3 The Process

5.3.1 Strategy

Use integrated genetic and natural resource
management approach to bring about
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Table 5.1. Demographic details of the project villages.

Households Population Livestock Milch animals Year of
Village (no.) (no.) (no.) (no.) project start
Fasalvadi 1,050 5,360 850 190 2009
Shivampet 841 4,220 1,050 210 2009
Venkatakistapur 275 1,160 410 70 2009
Chakriyal 360 2,200 1,010 255 2009
Korpole 816 4,159 680 68 2013
Sultanpur 384 2,980 320 32 2013
Vendikol 372 1,420 146 15 2013
Chowtakur 1,020 6,890 380 38 2014
Upparigudem 326 1,259 140 14 2014
Bommareddygudem 310 1,090 162 16 2014
Total 5,754 30,738 5,148 908 -
Table 5.2. Land use in the project villages.

Rainfed area Irrigated Wasteland  Nonagricultural ~ Total watershed

Village (ha) area (ha) (ha) land (ha) area (ha)
Fasalvadi 716 247 292 57 1312
Shivampet 853 170 14 8 1045
Venkatakistapur 237 59 2 0 298
Chakriyal 74 559 25 0 658
Korpole 1100 368 0 52 1520
Sultanpur 844 95 0 21 960
Vendikol 272.6 72 0 15 360
Chowtakur 793 164 0 35 992
Upparigudem 174 76 4 18 272
Bommareddygudem 143 78 8 15 244
Total 5207 1888 345 221 7661

sustainable management of water and en-
hance livelihoods within the watershed.
Consortium approach to implement holistic
and integrated development of watershed.
Knowledge-based entry point for building
rapport with the communities.

Nothing is made available free for experi-
mentation or evaluation except know-
ledge. Farmers need to pay for material
support and the project would provide a
small incentive. Farmers contribute 60%
of the cost for the inputs to test improved
technologies.

Demand-driven interventions rather than
supply-driven provision of technologies and
products.

Ensure involvement of small and marginal
farmers as well as women for enhancing
their incomes.

Enhance rainwater conservation, im-
prove water use efficiency and manage
the water demand while improving the
livelihoods.

Farmers’ participatory research for devel-
opment and inclusive market-oriented de-
velopment approach.

Microenterprises as income-generating
activities for enhancing incomes of the
community members.

5.3.2 Partner consortia

District Water Management Agency, San-
gareddy, Government of Telangana
Watershed committee and village organ-
izations
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®  BAIF Development Research Foundation —
BIRD (BAIF Institute for Rural Development)
SABMiller India

® Rural Education & Agriculture Develop-
ment (READ), a non-governmental organ-
ization (NGO)

e [CRISAT

5.3.3 Community mobilization and
formation of watershed committee

Watershed committee of SABMiller India vil-
lages was formed to implement the watershed
work along with READ, the selected NGO. Farm-
ers are the primary stakeholders and benefi-
ciaries. Hence, involvement of community was
important for successful execution of project
activity/interventions and to ensure long-
term sustainability of the project. Women and
Scheduled Caste/Scheduled Tribe candidates
and members from the panchayat were also
involved in the formation of watershed com-
mittee, as per common guidelines (Gol, 2011).

The committee was constituted in an open
meeting and the objectives were briefed clearly.
The committee members and villagers along
with NGO staff were involved in each and every
stage of project planning and execution of pro-
posed interventions.

5.3.4 Entry-point activity: soil test

Soil testing as a knowledge-based entry point
built strong trust between farmers, NGO and
agency, and helped in effective planning and im-
plementation of watershed activities. Farmers
were trained to collect soil samples from their vil-
lages for analysing soil nutrient status using
stratified random soil sampling method and
samples were analysed in state-of-the-art labora-
tory at ICRISAT (Sahrawat et al., 2008). Soil test
results showed that large numbers of farmers’
fields (50-80%) were deficient in organic carbon
and also in secondary and micronutrients such
as zinc, sulfur and boron (Table 5.3). The total
number of soil samples collected from the first 4

Table 5.3. Nutrient analysis of soil samples collected from farmers’ fields in project villages.

EC Organic Olsen P Exch. K@

Extractable nutrient
elements (mg/kg)

Village Indicator pH (dS/m) C (%) (mg/kg) (mg/kg) S B Zn
Fasalvadi Mean 74 0.6 0.43 18 187 39.1 0.36 0.8
% fields deficient 75 35 0 50 80 55
Venkatakistapur Mean 78 0.5 0.49 13.2 163 48.5 0.47 0.62
% fields deficient 67 20 0 27 73 80
Shivampet Mean 78 0.2 0.38 10.5 199 10.2 049 0.53
% fields deficient 83 26 0 74 70 83
Chakriyal Mean 79 0.6 0.52 21.2 130 62.1 0.89 0.69
% fields deficient 47 5 5 26 26 63
Sultanpur Mean 78 0.18 0.45 10.5 151 9.5 1.99 0.69
% fields deficient 70 25 5 55 30 70
Korpole Mean 79 0.36 0.44 14.9 216 275 113 1.31
% fields deficient 70 35 5 48 30 35
Vendikol Mean 79 0.14 0.33 78 263 15.1 1.06 0.8
% fields deficient 100 40 0 90 35 80
Bommareddygudem Mean 75 0.18 0.53 77 118 17 0.57 115
% fields deficient 50 50 20 45 45 50
Upparigudem Mean 79 0.16 0.42 77 79 1.5 055 0.7
% fields deficient 65 45 25 70 60 85
Chowtakur Mean 76 017 0.42 14.6 198 21.9 0.88 0.59
% fields deficient 70 8 5 55 35 70

aExch. K = exchangeable potassium
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villages selected in 2009, 3 villages selected in
2013 and 3 villages selected in 2014 were 77,
80 and 89 respectively.

5.3.5 Awareness and capacity building

Several awareness programmes and regular
interactions were conducted with the farming
community on various project interventions
and agricultural practices. The community was
exposed to ICRISAT campus, Patancheru and
Adarsha watershed, Kothapally to develop aware-
ness of improved method of cultivation, best
agricultural practices, soil and water conserva-
tion interventions, crop demonstration trials,
etc. Nearly 3340 farmers participated in various
training programmes, field exposure visits and
field days during 2009—16 (Table 5.4).

5.4 Interventions

5.4.1 Productivity enhancement through
application of soil test-based fertilizers

Based on soil test results, crop specific nutrient
recommendations were provided to all the farm-
ers in the villages. More importantly, use of
micronutrients for different cereal (paddy, maize,
etc.) and cash crops (sugarcane and cotton) were
promoted. A number of farmers’ participatory
demonstration trials were undertaken in kha-
rif (rainy) and rabi seasons since the project
inception. Figure 5.2 shows the amount of
micronutrients supplied under the farmers’ dem-
onstration trials during the seven-year period.
Nearly 31,400 kg of gypsum, 9740 kg of zinc
sulphate and 708 kg of agribor were made avail-
able in pilot villages during the project period.
The total area covered so far in all the villages

with micronutrient usage is nearly 5430 acres
(Table 5.5). The usage of micronutrients such as
zinc sulphate and agribor in each of the villages
was more or less same (1391 kg of zinc sulphate
and 101 kg of agribor). The usage of micronu-
trients for paddy, sugarcane and cotton was
more than other crops in the villages (Table 5.5).

5.4.2 Enhancing water resources
availability

With the technical support of ICRISAT staff, po-
tential locations for soil and water conservation
structures were identified by the watershed com-
mittee, NGO and villagers. Several water har-
vesting structures such as check-dams, gully
control structures, farm ponds, percolation
tanks, mini-percolation tanks, sunken ponds,
well recharge pits, water absorption trenches,
etc. were constructed (Fig. 5.3). About 94,000
m? water storage capacity was developed in the
pilot villages during 2010-16 with different soil
and water harvesting structures. The major water-
harvesting structures created (84,800 m?) in
these villages vary in storage capacities based on
the size of the structure and purpose. The aver-
age storage capacities of these structures are
50 m* for loose boulders; 150 m* for sunken
ponds; 100 m? for rock-fill dams; 150 m? for ga-
bion structures; 350 m?® for mini-percolation
tanks; 3500-5500 m? for percolation tanks;
850 m’ for open well recharge structures; and
3000-12,000 m? for check-dams. A total num-
ber of 347 structures have been created by the
ICRISAT-SABMiller India Project in the pilot vil-
lages since 2010 (Table 5.6).

The total coverage area of all ten villages in
this project is hydrologically divided into two
small watersheds as shown in Fig. 5.4. The first
watershed (Watershed 2009) covers around

Table 5.4. Awareness and capacity-building programmes conducted during the project period.

Particulars 2009 2010 2011 2012 2013 2014 2015 2016  Total

No. of training programmes 3 2 3 4 3 4 6 28

Exposure visits (ICRISAT - 2 - - 2 3 2 1 10
and Kothapally)

Field days - 1 - - 1 - - - 2

No. of participants/trainees 200 350 450 460 430 660 390 396 3336
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Fig. 5.2. Micronutrient usage from 2010 to 2016 in project villages.

Table 5.5. Crop area (acres) with application of micronutrients in SABMiller India pilot villages since

project inception.

Village Cotton Maize Pigeonpea Sorghum Paddy Sugarcane Others Total
Fasalvadi 180 59 25 58 344 378 50 1094
Shivampet 138 26 18 19 303 297 28 829
Venkatakistapur 124 45 15 11 86 62 10 353
Chakriyal 20 6 8 2 223 296 25 580
Vendikol 98 13 27 1 172 127 16 464
Sultanpur 87 22 38 12 104 63 32 358
Korpole 154 28 32 8 195 150 15 582
Upparigudem 14 9 22 12 100 48 4 209
Bommareddygudem 6 4 14 0 55 14 0 93
Chowtakur 88 12 31 0 373 314 50 868
Total 909 224 230 133 1955 1749 230 5430

3420 ha with four villages (Fasalvadi, Shivam-
pet, Venkatakistapur and Chakriyal) and the
second watershed (Watershed 2013-14) covers
6560 ha with six villages (Vendikol, Sultanpur,
Korpole, Upparigudem, Bommareddygudem and
Chowtakur) in Pulkal mandal. The stream-flow
of Watershed 2009 flows towards south and
joins Manjira river at downstream of Manjira
reservoir, whereas the stream-flow of Watershed
2013-14 flows towards north and joins Manjira
river at downstream of Watershed 2009 as shown
in Fig. 5.5. The total hydrological coverage area
of the two watersheds is 9980 ha. The total cap-
acity of major water-harvesting structures cre-
ated in all ten villages is 84,800 m?®, in which
47,700 m® has been created in Watershed 2009

and 37,100 m? has been created in Watershed
2013-14 as given in Tables 5.7 and 5.8.

5.4.3 Agroforestry and tree plantation

Agroforestry was promoted by planting trees on
farm bunds, common lands and wasteland and
was strengthened with community participa-
tion and also with the help of various govern-
ment schemes in the project villages. Nearly
53,000 trees of different species were planted
during the project period (Table 5.9). Moreover,
14,000 plants were cultivated under horticul-
ture promotion in pilot villages.
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Fig. 5.3. Water-harvesting structures constructed in project villages: (a) check-dam in Shivampet; (b)
rock-fill dam in Fasalvadi; (c) percolation tank in Chowtakur; (d) sunken pond in Sultanpur.

Table 5.6. Water harvesting structures (no.) constructed in the pilot villages during 2010-16.

Village 2010 2011 2012 2013 2014 2015 2016 Total
Fasalvadi 18 26 6 9 59
Shivampet 34 56 4 14 2 110
Venkatakistapur 7 22 29
Vendikol 1 9 19 29
Korpole 29 4 4 37
Sultanpur 30 6 36
Upparigudem 2 10 12
Chowtakur 35 35
Total 52 89 10 24 92 66 14 347

fertilizers (Table 5.10). On average (2010-16),

5.5 Investments a_nd Incremental the response (increase in yield) to the application

Benefits of balanced and micronutrient fertilizers of

rainfed crops especially pulses such as chickpea

5.5.1 Productivity enhancement through  and pigeonpea (27% to 28%) was more than ir-

soil test-based fertilizer application

Crop yields in the project villages increased
with application of balanced and micronutrient

rigated crops such as sugarcane, paddy, maize
and cotton (11% to 19%). The average cost of
micronutrients applied in the improved practice
was ¥2350 per ha. The farmer gained net income
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Fig. 5.4. Location map of SABMiller India Project watersheds started in 2009 and 2013—14.

of 13,500 and %11,800 per ha for chickpea
and pigeonpea respectively in addition to the
gain followed by farmers’ practice (Table 5.11).
Application of small quantity of micronutrients
has significantly benefited in increasing crop
yields and consequently farmers’ income (Srin-
ivasa Rao et al., 2014).

5.5.2 Enhancing water resource
availability

The daily rainfall data that occurred in San-
gareddy mandal was collected and analysed. The
average annual rainfall in both the watersheds

was 895 mm. The rainfall from 2010 to 2016
was separated and normal, wet and dry years
were indicated based on the annual rainfall. If
annual rainfall is less than 671 mm (<0.75 times
average annual rainfall) that year is considered
as dry, if annual rainfall is more than 1118 mm
(>1.25 times average annual rainfall) that year
is considered as wet and if annual rainfall is
671-1118 mm that year is considered as nor-
mal. As per annual rainfall and observations
made by field staff in the villages, the average
number of water fillings in the water-harvesting
structures was noted down for few years during
the project implementation and the same was
assumed for all the years. The effective recharge
made in the villages was considered as 80% of
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Fig. 5.5. Hydrological map of SABMiller India Project Watershed started in 2009.

total recharge made and remaining 20% was as-
sumed to be evapotranspiration losses from the
structures.

In Watershed 2009 (Fig. 5.5), treatment of
the agricultural lands with different interven-
tions, especially with water-harvesting structures

was started in 2010 with a storage capacity of
3400 m’® and reached 47,700 m? by 2014. The
increase in water table due to annual recharge
by all the structures in Watershed 2009 was
17 mmin 2010 and thenroseto 173 mm (0.17 m)
by 2014. The average watershed area that could
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Table 5.7. Water-harvesting capacity created from 2010 to 2016 in Watershed 2009.

Storage capacity created (m?)

Geographical Agricultural

Particulars area (ha) land (ha) 2010 2011 2012 2013 2014 2015 2016
Village

Fasalvadi 1,312 963 1,450 13,400 5,750 8,200

Shivampet 1,045 1,023 1,950 6,400 3,650 4,550 300
Venkatakistapur 298 296 350 1,700

Chakriyal 658 633
Total area 3,313 2,915
Annual storage 3,400 20,150 9,400 12,750 2,000 0 0
capacity created
Cumulative 3,400 23,550 32,950 45,700 47,700 47,700 47,700

storage capacity
created (m?3)

Table 5.8. Water harvesting capacity created from 2013 to 2016 in Watershed 2013-14.

Storage capacity created (m?)

Geographical Agricultural
Particulars area (ha) land (ha) 2013 2014 2015 2016
Village
Vendikole 360 345 150 450 4,300
Korpole 1,520 1,468 1,800 9,350 1,300
Sultanpur 960 939 6,550 1,900
Upparigudem 272 250 100 3,550
Chowtakur 992 957 7,650
Bommareddygudem 244 221
Total area 4,348 4,180
Annual storage 150 8,800 23,300 4,850
Table 5.9. Number of plants planted in the project villages during 2010-16.
Type of plants 2010 201 2012 2013 2014 2015 2016 Total
Tree plantation 12,200 7100 1,500 13,160 16,500 - 2,500 52,960
Fruit/horticulture trees 3,200 2,960 1,200 2,900 1,200 1,200 1,400 14,060

be sown in rabi due to recharged amount of
water with chickpea crop was 5% in 2010, and
then increased to 54% of watershed area by
2016 due to water-harvesting structures in
Watershed 2009 (Table 5.12).

In Watershed 2013-14 (Fig. 5.6), treat-
ment of the agricultural lands with different
interventions, especially with water harvesting
structures was started in 2013 with a storage
capacity of 150 m? and reached 37,100 m? by
2016. The increase in water table due to annual
recharge by all the structures in Watershed
2013-14 was 7 mm in 2010 and then rose to

102 mm (0.1 m) by 2016. The average watershed
area that could be sown in rabi due to recharged
amount of water with chickpea crop was 2% in
2013, and then increased to 32% of watershed
area by 2016 due to water harvesting structures
in Watershed 2013-14 (Table 5.13).

5.5.3 Agroforestry and tree plantation

Considering 50% survival rate and estimates
based on biomass generation, nearly 132 tons



Table 5.10. Crop yields (t/ha) with farmers’ practice (FP) and improved practice (IP) in project villages during 2010-16.

Increase

Crop treatment 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 Maximum Minimum Mean in yield
Chickpea-FP 0.93 1.5 1.8 1.80 0.93 1.41
Chickpea-IP 1.23 1.9 2.3 2.30 1.23 1.81 0.40
Cotton-FP 1.6 14 24 22 24 2.1 2.2 2.40 1.40 2.04
Cotton-IP 1.8 1.6 2.9 2.6 2.8 2.6 2.7 2.90 1.60 2.43 0.39
Maize-FP 4.2 4 4.20 4.00 4.10
Maize-IP 4.9 4.8 4.90 4.80 4.85 0.75
Paddy-FP 4.8 5.4 6.1 5.3 4.3 2.7 4.2 6.10 2.70 4.69
Paddy-IP 55 6.1 74 6 5.2 3.4 5 7.40 3.40 5.51 0.82
Pigeonpea-FP 0.6 1.6 1.60 0.60 1.10
Pigeonpea-IP 0.8 2 2.00 0.80 1.40 0.30
Sugarcane-FP 146 108 101 86 92 65.6 64.3 146.0 64.30 94.70
Sugarcane-IP 158 116 114 97 100 75.2 73.1 158.0 73.10 104.76 10.06
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Table 5.11. Farmers’income (in *000s per ha) with farmers’ practice (FP) and improved practice (IP) in project villages during 2010-16.

Increase in
Crop treatment 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 201617 Maximum Minimum Mean net income?
Chickpea-FP 214 52.4 873 873 214 53.7
Chickpea-IP 284 65.4 114.9 114.9 284 69.6 15.9 (30)
Cotton-FP 62.0 43.2 88.2 101.5 95.4 87.9 108.2 108.2 43.2 83.8
Cotton-IP 72.0 49.6 106.7 121.7 1.7 1071 133.8 133.8 49.6 100.4 16.6 (20)
Maize-FP 58.6 56.2 58.6 56.2 574
Maize-IP 68.1 67.3 68.1 67.3 67.7 10.3 (18)
Paddy-FP 43.2 48.5 95.1 68.5 477 40.9 65.6 95.1 40.9 58.5
Paddy-IP 49.3 55.1 115.4 78.4 56.9 50.5 771 115.4 49.3 69.0 10.5 (18)
Pigeonpea-FP 48.2 775 775 48.2 62.9
Pigeonpea-IP 60.3 93.7 93.7 60.3 77.0 14.2 (23)
Sugarcane-FP 306.6 226.8 261.9 222.4 239.5 170.5 190.2 306.6 170.5 2311
Sugarcane-IP 332.2 243.6 295.9 252.2 260.6 195.5 216.3 332.2 195.5 256.6 25.5 (11)

aFigures in parentheses are percentage values.
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Table 5.12. Benefits of water harvesting structures in Watershed 2009.

Particulars 2010 2011 2012 2013 2014 2015 2016
Geographical area (ha) 2,357 3,313 3,313 3,313 3,313 3,313 3,313
Agricultural land (ha) 1,986 2,915 2,915 2,915 2,915 2,915 2,915
Storage capacity created (m?) 3,400 20,150 9,400 12,750 2,000 0 0
Cumulative storage capacity created (mq) 3,400 23,550 32,950 45,700 47,700 47,700 47,700
Rainfall (mm) 1,093 605 768 1,251 904 605 1,037.7
Rainy year Normal Dry Normal Wet Normal Dry Normal
No. of water fillings at structures 3 2 2 4 3 2 3
Total quantity of recharge (m?) 10,200 47,100 65,900 182,800 143,100 95,400 143,100
Total quantity of recharge (mm) 0.43 142 1.99 5.52 4.32 2.88 4.32
Effective recharge (mm) (reducing Et* 20%) 0.35 1.14 1.59 4.41 3.46 2.30 3.46
Increase in water table (specific yield 0.02) (mm) 17.31 56.87 79.57 220.71 172.77 115.18 172.77
Increase in water table (m) 0.02 0.06 0.08 0.22 0.17 0.12 0.17
Effective groundwater available for rabi (70%) (mm) 12.12 39.81 55.70 154.49 120.94 80.63 120.94
Post-monsoonal soil moisture (mm) 25 25 25 25 25 25 25
Chickpea water requirement (mm) 250 250 250 250 250 250 250
Extra water requirement for chickpea in rabi (mm) 225 225 225 225 225 225 225
Extra area could be sown with chickpea (%) 5.39 17.69 24.75 68.66 53.75 35.83 53.75

aEt = evapotranspiration
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Fig. 5.6. Hydrological map of SABMiller India Project Watershed started in 2013—14.

Table 5.13. Benefits of water harvesting structures in Watershed 2013—14.

Particulars 2013 2014 2015 2016
Geographical area (ha) 360 2,840 4,348 4,348
Agricultural land (ha) 345 2,752 4,180 4,180
Storage capacity created (mq) 150 8,800 23,300 4,850
Cumulative storage capacity created (m?) 150 8,950 32,250 37,100
Rainfall (mm) 1,251 904 605 1,038
Rainy year Wet Normal Dry Normal
No. of water fillings at structures 4 3 2 3
Total quantity of recharge (m?®) 600 26,850 64,500 111,300
Total quantity of recharge (mm) 0.17 0.95 1.48 2.56
Effective recharge (mm) (reducing Et? 20%) 0.13 0.76 1.19 2.05
Increase in water table (specific yield 0.02) (mm) 6.67 37.82 59.34 102.39
Increase in water table (m) 0.01 0.04 0.06 0.10
Effective groundwater available for rabi (70%) (mm) 4.67 26.47 41.54 71.67
Post-monsoonal soil moisture (mm) 25 25 25 25
Chickpea water requirement (mm) 250 250 250 250
Extra water requirement for chickpea in rabi (mm) 225 225 225 225
Extra area could be sown with chickpea (%) 2.07 11.77 18.46 31.86

2Et = evapotranspiration
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of carbon was sequestered during the project
period (Table 5.14). As most of the plants are
about 6 years old, biomass accumulation will ac-
celerate in subsequent years with increasing tree
age. Due to various agricultural water manage-
ment interventions, soil loss has been reduced

Table 5.14. Impact of agricultural water management
interventions on various ecosystem services.

Parameter Amount
Rainfall (mm) 895
Reduced soil erosion (t/ha) From 10to 3
No. of trees planted 52,960
No. of trees established 26,480
(50% survival rate)
Average biomass accumulated 265
(considering 10 kg wood/tree)
(tons)
Carbon sequestered (tons) 132

from 10 t/ha to 3 t/ha, thus significantly con-
tributing to reduction in land degradation and
increase in crop productivity.

5.5.4 Livestock-based activities

As livestock is the integral part of the rural com-
munity, special emphasis was laid on livestock-
based activities and increase in milk yield. Breed
improvement of cattle was undertaken on a large
scale in pilot villages (Fig. 5.7). Nearly 2421 ani-
mals were inseminated artificially and of those
1151 confirmed pregnancy. This has increased
milk yield by 2—3 l/day/animal more than the
local breed. Also, spent malt (a byproduct of
the brewing industry, rich in carbohydrate, pro-
tein and other minerals) was promoted for use
as animal feed. Four women'’s self-help groups
(SHGSs) were engaged in procuring, transporting

Fig. 5.7. Cattle improvement in Fasalvadi village: (a) first generation crossbreed; (b) spent malt used as
feed for animals; (c) sale of spent malt to farmers; (d) milk collection in the village.
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and distributing the spent malt as a business
model in the villages and households and wom-
en’s SHGs are benefiting from this intervention
(Table 5.15).

5.5.5 Income-generating activities

by women

Various income-generating activities such as
vermicomposting (11 units), nursery raising and
other microenterprises helped farmers to earn
additional income. Kitchen gardens have been
promoted to address nutritional issues, espe-
cially for women and children.

Nursery raising

The project provided opportunities to women'’s
SHGs to strengthen their livelihoods. Women's
SHG Manjeera in Venkatakistapur village has
undertaken nursery raising and grown about
12,000 saplings of teak, Pongamia, rain trees,
Gliricidia, tamarind and Pithecellobium dulce to
plant them in the project villages. Besides at-
tending to their regular jobs, the SHG members
supplied 10,056 saplings at %6 per sapling and
earned 360,336 as additional income.

Table 5.15. Increase in milk yield and income in
Fasalvadi village with spent malt as animal feed
during 2011 to 2016.2

Particulars Quantity/
Amount

No. of beneficiary households using 58
spent malt

No. of cattle (feeding) 395

Average use of spent malt in the village 1,440
(kg/day)

Milk production in the village (I/day) 1,570

Increase in milk production by feeding 1
spent malt (I/animal/day)

Increase in gross income due to spent 17,800
malt (X/day)

Increase in net income due to spent 12,800
malt (¥/day)

Increase in average net income due to 6,640
spent malt (%/family/month)

Increase in average net income due to 3,375
artificial insemination (/family/
month)

Total increase in income due to spent 10,015
malt and artificial insemination
(%/family/month)

Spent malt sold by the SHG (tons) 2,610

Net profit to SHG (%) 140,069

aIntervention by women’s self-help group (SHG)
Priyadarshini.

Fig. 5.8. Awareness programme for school children on balanced nutrition in Korpole government school.
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Nutri-kitchen gardens

In India, the problem of malnutrition in women
and children is a serious issue, as 42% of chil-
dren and about 34% of women in the country
are malnourished. At the same time, many
women and children are becoming disconnected
from nature and there is an urgent need to in-
crease awareness about balanced nutrition as
well as environmental protection. To address the
issue of malnutrition in children and women,
there is a need to promote sustainable kitchen
gardens for effective utilization of available nat-
ural resources like water and land by using or-
ganic farming methods, as well as to improve
diet by the inclusion of fresh and safe nutritious
vegetables produced in kitchen gardens. By tak-
ing up this activity, school children will gain
hands-on experience in some areas of the school

curriculum (e.g. science, agriculture, environ-
mental science and home economics) (Fig. 5.8).
Interested women’s SHG members and
school children were identified to undertake this
activity and registered for seed kits to initiate this
activity in their backyards. Each member was
provided with seed kits of nine vegetables (tomato,
brinjal, okra, cluster bean, bottle gourd, bitter
gourd, ridge gourd, spinach and amaranth) of
their choice to grow in their kitchen gardens
(Fig. 5.9). About 168 kitchen gardens were pro-
moted during the rainy season of 2015, and
6300 kg vegetables were produced. During the
rainy season of 2016, 178 kitchen gardens were
promoted and 7480 kg vegetables were pro-
duced and used for consumption in the project
villages (Table 5.16). This activity has helped in
reducing the expenditure on vegetables.

Fig. 5.9. Kitchen garden grown by women in (a) Chowtakur and (b) Sultanpur villages.

Table 5.16. Progress of kitchen gardens in the project villages.

2015 2016
No. of units Vegetable No. of units Vegetable
Village promoted production (kg) promoted production (kg)
Fasalvadi 10 490 20 830
Shivampet 80 2400 15 590
Chakriyal - - 15 620
Venkatakistapur 10 410 15 670
Korpole 13 590 20 730
Sultanpur 10 430 18 710
Chowtakur 18 720 25 1140
Vendikol - - 20 890
Bommareddygudem 13 590 15 640
Upparigudem 14 670 15 660
Total 168 6300 178 7480
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Abstract

Asian Paints Limited and International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) collaborated
to improve rural livelihoods through integrated watershed development programme. Six villages in Patancheru
mandal of Medak district, Telangana, India covering an area of 7143 ha were selected in consultation with the
local community for Asian Paints Limited—ICRISAT watershed. The prime mitigation strategy for addressing
water scarcity was initiated in the project by rainwater harvesting, efficient use of available water resources and
recycling of grey water. Science-led interventions including soil test-based nutrient management, and improved
crop cultivars and management practices were introduced for improving crop productivity. Rainwater harvesting
structures of a total water storage capacity of 34,000 m? were utilized for groundwater recharge. Based on the
observation, estimated groundwater recharge due to check-dams with total storage capacity of 12,700 m?
during 2016 was 91,000 m>. The improved agronomic practices demonstrated in farmers’ fields have shown

30-50% increase in grain yield.

6.1 Background
6.1.1 Why? Problem statement

Water, food and energy securities are emerging as
increasingly important issues for the world. Es-
pecially, rainfed agriculture in arid and semi-
arid regions is experiencing moderate to severe
water shortage and land degradation, due to the
simultaneous effects of increasing food demand,
industrialization and urbanization. The complex-
ity of the problem is further increased by factors
such as population rise, rapid and unplanned ur-
banization, change in cropping pattern towards

* Corresponding author: m.patil@cgiar.org

water intensive cash crops, change of food pref-
erence towards water-intensive food products
such as dairy and meat, and climate change.
For India, agriculture is the single largest
sector, which provides employment to over 65%
population, but at low net returns per hectare of
cultivated land. The declining or low agricul-
tural productivity is also affecting environmen-
tal sustainability as there is mismanagement of
soil and water resources along with the negli-
gence of local strategies. These trends however,
showed increase in total agricultural production
but decline in water productivity and other
ecosystem services due to inefficient water use.
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If such trends continue, the system may lose its
resilience ability and will be vulnerable to further
degradation. Thus, it is necessary to strengthen
the ecosystem services through natural resource
management with people’s participation in dry-
land areas.

6.1.2 Integrated water resource

management approach

Watershed is a natural entity and comprises dif-
ferent types of land use from where rainwater is
drained through a common outlet (lake, river) and
therefore, can vary from several ha to 1 million ha.
However, it is also a sociopolitical-ecological en-
tity, which plays a crucial role in determining
food, social and economic security and provides
life support services to rural people (Wani et al.,
2008). These watersheds provide various eco-
system services in uplands and the generated in-
flow supports downstream ecosystem. The holistic
management of natural resources have shown
greater resilience of crop income during the
drought-like scenarios too. For example, while the
share of crops in household income declined from
44% to 12% in the non-watershed project villages,
crop income remained largely unchanged from 36%
to 37% in the watershed village (Wani et al., 2009).

Integrated watershed management approach
proved to be the suitable strategy for achieving
holistic development in these regions through
collective action (Wani et al., 2003). The very
purpose of the watershed development pro-
grammes is to reduce water related risks in rain-
fed agriculture by improving the local soil-water
balance by implementing both in-situ and ex-situ
interventions. Since water and soil are important
components of agricultural development, proper
management of these resources is crucial to
build the resilience of these systems to cope with
varying climatic risks and to improve livelihoods.
The International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT), Patancheru,
Telangana, India has established model water-
sheds as learning sites for integrated watershed
management programme in various agroclimat-
ic regions of India. On similar grounds, Asian
Paints Limited, Patancheru requested ICRISAT
to develop an action site at their Patancheru
works in Sanga Reddy district.

6.1.3 Objectives

The overall goal of this initiative is to increase agri-
cultural productivity and improve the livelihoods
of rural poor in fragile dryland areas on a sustain-
able basis by enhancing the impact of integrated
watershed management programmes through
capacity building initiatives using site of learning
in low-rainfall agroecoregions. The specific goal of
this initiative is to enhance the water resources avail-
ability (surface and groundwater), water product-
ivity, income and livelihood in the selected villages
of Patancheru mandal, Sangareddy district in Tel-
angana. The objectives of the initiative are:

e  Toestablish a ‘Model Site of Learning’ in San-
gareddy district for demonstrating the poten-
tial of rainfed areas by adopting integrated
water resource management approach.

e To enhance the water resource availability
and its use efficiency through low-cost water-
harvesting structures and to enhance capacity
of existing water harvesting structures.

e  Toenhance agricultural productivity through
land, water and nutrient management inter-
ventions.

e  To build capacity of the farmers in the region
for improving rural livelihoods through
knowledge sharing and dissemination.

6.1.4 Site selection

Asian Paints Limited requested ICRISAT to select a
project site in the vicinity of their factory in
Patancheru mandal. The Patancheru mandal lies
between 78.14°t0 78.351°and 17.467°t0 17.624°
in Sangareddy district of Telangana state. Figure 6.1
shows Patancheru mandal and identified village
locations (southwest) for the proposed watershed
interventions. Field visits were conducted in four
(north, east, west and southwest) directions to se-
lect villages for watershed (Fig. 6.1). ICRISAT
team interacted with farmers during field visits to
understand the farming system. Land resources in
eastern villages were degraded due to high industrial-
ization and real estate business. Agricultural land
area in western villages decreased drastically due to
groundwater pollution. In northern villages, only
the area under tank irrigation is dominating as each
village has two big water tanks. The rainfed area in
southwestern villages is becoming fallow due to
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Fig. 6.1. Villages visited for selection of a site for the watershed project in Patancheru mandal,

Sanga Reddy district, Telangana.

scarcity of surface and groundwater resources. The
southwest region of Patancheru mandal (Bha-
noor, Kyasaram, Nandigama, Kardanur, Pati and
Ghanapur villages) had potential for implement-
ing watershed interventions to enhance water re-
sources availability, agricultural productivity and
income.

6.1.5 Site specification

The project villages are located in and around
Asian Paints Limited, Patancheru. Six villages
were selected for implementation of watershed
activities. The selected villages, covering a 7143
ha geographic area, are located 9 km west of
ICRISAT campus. The rainfed area in these vil-
lages is 84% of total cultivable area while irrigated
area is 9% and fallow land is 6% (Table 6.1). The
main sources of irrigation are bore well and
open well. Out of 4659 households, 56% house-
holds are small and marginal farmers, 8% are
landless, and 34% are medium and large farmers
(Table 6.2). Major crops in selected villages are

maize, paddy, pigeonpea, cotton, sorghum and
vegetables. Livestock is also a major component
for livelihoods in these villages. Buffalo, sheep and
goats constitute the major population of live-
stock (Table 6.3).

6.2 Baseline Situation

A primary household baseline survey was con-
ducted from representative sample farmers (534
households) in the watershed villages. Informa-
tion on socioeconomic status, area allocation
under different crops, average productivity levels
and prices, water utilization pattern at house-
hold and farm level, accessibility to credit, etc.
was collected and summarized. The household
data collected will be used as ‘benchmark val-
ues’ for monitoring the project progress over a
period of time. The project impact assessment
studies if any could be undertaken in future using
baseline information. Overall, the comprehensive
baseline report also helps in identifying major
constraints and devising suitable strategies in
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Table 6.1. Land use pattern in selected watershed villages in Patancheru mandal, Telangana, India.
From: Mandal Panchayat of Patancheru mandal, 2015.

Common
Fallow property Industrial
Village Irrigated (ha) Rainfed (ha) land (ha) resource (ha) use (ha) Total (ha)
Pati 82 442 38 32 202 796
Bhanoor 93 842 44 130 414 1523
Kyasaram 86 640 32 64 142 964
Kardhanur 54 422 42 24 140 682
Ghanapur 96 740 52 96 268 1252
Nandigama 90 1264 102 110 360 1926
Total 501 4350 310 456 1526 7143

Table 6.2. Landholdings in selected watershed villages in Patancheru mandal, Telangana, India. From:
Gram Panchayats of respective villages, 2015.

No. of households

Village Large Medium Small Marginal Landless Total
Pati 8 72 280 302 62 724
Bhanoor 22 602 220 355 149 1348
Kyasaram 14 222 204 248 64 752
Kardanur 4 42 122 120 28 316
Ghanapur 12 124 212 248 46 642
Nandigama 18 412 252 148 47 877
Total 78 1474 1290 1421 396 4659

Table 6.3. Livestock population (numbers) in selected villages of watershed in Patancheru mandal,
Telangana, India. From: Mandal Panchayat of Patancheru mandal, 2015.

Others (goat,

Village Cow Buffalo Bullock sheep, etc.) Total
Pati 2 129 12 312 455
Bhanoor 18 180 24 280 502
Kyasaram 8 160 12 160 340
Kardanur 4 45 10 80 139
Ghanapur 8 142 12 265 427
Nandigama 12 168 24 242 446
Total 52 824 94 1339 2309

the pilot site and district as a whole. The key find-  and cotton. Rabi (post-rainy season) area con-

ings from baseline survey are discussed. stitutes nearly 4% of the rainy season area

and chickpea is the predominant crop culti-

vated during the season. The cultivable area

6.2.1 Crop production under summer is very low and leafy vegetables

are grown during the season. This shows the

dependency of farmers on rainfall for their

livelihood and if irrigation is assured the re-

Maize is the major crop under cultivation maining 96% of the land can be brought
across all sample villages followed by paddy under cultivation.

Cropping pattern
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Crop yield

The crop productivity data was collected from
farmers on one year recall basis. The average prod-
uctivity of crops is almost same across the villages
with marginal variations. With average yield less
than 1000 kg/ha, cotton is the most affected crop
due to pest infestation across the villages.

Fertilizer usage

High utilization of urea was observed for cotton
and maize. In addition to urea and diammonium
phosphate, complex fertilizers were administered
to cotton for higher returns. This exposes the
risk of soil degradation and economic returns in
cotton cultivation. Very few farmers reported
use of micronutrients across the crops, which
necessitates the need for educating the farmers
on importance of micronutrient application for
better growth and yield of crops.

Incidence of insects and diseases

Nearly 25% of the crops are getting infested with
pests incurring an economic loss to farmers.
Large-scale cultivation of high-yielding varieties
and excessive use of nitrogenous fertilizers may
further aggravate the incidence of pests. Farmers
need to be educated on integrated pest management
along with optimum utilization of fertilizers.

Economics of different crop enterprises

Among all crops, pigeonpea realized highest market
price due to shortage of supply in the market. Ma-
jority of farmers complained of falling prices as
cotton, paddy, maize and sorghum realized lesser
price than the minimum support price announced
by Government of India. Maize exhibited better
benefit—cost ratio followed by pigeonpea, paddy
and chickpea crops. Farmers were able to cover the
variable costs of sorghum and recovered costs mar-
ginally. Cotton performed very badly among all
crops in the study villages. Farmers were just able
to recover their investments because of low prod-
uctivity and higher costs of cultivation per acre.

6.2.2 Household income

The average household income of the pooled
sample household was 162,000 per annum.

Around 40% of the total household income was
contributed by agriculture, followed by salaried
work (27%) and daily wage income (19%). Gov-
ernment development programmes, rentals from
land and machinery, business and others together
accounted for 14% share in the total household
income. The average income per household was
the highest in Nandigama followed by Kyasaram,
Bhanoor, Pati, Ghanapur and Kardanur. The
share of agriculture and allied sources income
in the total household income was much higher
in Kardanur (47%) followed by Bhanoor (43%),
Kyasaram (41.1%), Nandigama and Pati (37%)
and Ghanapur (36%). Large area under profitable
crops like maize, pigeonpea and vegetables have
contributed to higher income in Bhanoor and
Kyasaram as compared to other pilot site villages.

6.2.3 Sources of water
and utilization pattern

The villages are getting water both from open
and bore wells. Open wells have an average
depth of 25 m with water table of 20 m whereas
bore wells are tapping water from nearly 85 m
depth with water table of 50 m. Watershed be-
longs to hard rock aquifer and therefore has
poor specific yield. Perched water table generally
forms during the monsoon period in top 10-30 m
depth and helps to recharge open wells. But most
of the open wells do not retain water during
post-monsoon period because of the depletion of
groundwater level. Bore wells tap water from
underlying layers of hard rock aquifer. Average
area irrigated from each of the open or bore
wells is about 1-1.5 ha providing 45 irrigations
in a season. The average initial investment for
bore wells is 19,000 with total investment of
77,000 to date. The declining water table may
not only raise the marginal operational cost but
also give rise to a situation of diminished water
availability, resulting in loss of farm output and
decline in net returns.

6.2.4 Perceptions about production
problems and future interventions

A large percentage of sample farmers in the vil-
lages felt that water scarcity particularly during
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crop production period is the major problem fol-
lowed by lack of scientific information. Farmers
opined that they can improve their net returns if
credit is available at lower interest rates. With
significant movement of rural labour from farm
to nonfarm activities, labour scarcity has emerged
as one of the burning constraints to agricultural
production. This is again impacting their net
returns as the farmers have to pay high wage
returns during peak crop season.

Harvesting surplus runoff in dugout ponds
and recycling the same for providing supplemen-
tal irrigation to rainy season crops or pre-sowing
irrigation to rabi crops have proved to be the
most successful technologies for adoption. Ma-
jority of farmers expressed need for farm ponds
but are not willing to share their land for the
same as nearly 60% of the farmers are small and
medium farmers. Area grown under pigeonpea and
vegetables almost occupies 26% of the cropped
area under major crops. Farmers opined the
need for availability of high-yielding varieties.
Majority of farmers opined that nursery raising
can be a sustainable livelihood option for youth.
Farmers’ perception about any developmental
activity has to be prioritized and policy makers
should design policies in order to reduce vulner-
ability of farmers to financial risk.

6.3 Process

6.3.1 Partnerships

The consortium approach is adopted to enhance
the impact of integrated watershed management.
The important partners in ICRISAT-led consor-
tium were district administration, Watershed
Department of Government of Telangana, Rural
Education & Agriculture Development (READ),
a non-governmental organization (NGO) and
community-based organizations. This project has
adopted four principles: convergence; capacity
building; collective action; and consortium for
technical backstopping. Participatory research
and development (PR&D) was the key strategy
to build the capacity of different stakeholders,
namely community, NGO staff and line depart-
ment staff. The PR&D approach was also adopted
for the integrated nutrient management (INM)
and integrated pest management (IPM) trials

considering the local resources to be used as
sources of plant nutrients and for biopesticide
production. All the PR&D trials involved large
number of farmers including small and mar-
ginal farmers. All the trials were conducted
based on contributions in cash or kind by the
participating farmers and efforts were made to
involve as many farmers as possible during the
project phase. In order to bring in transparency
in the watershed development operations, par-
ticipatory monitoring and evaluation approach
was adopted along with the consortium partners.
The community members were also involved in
participatory groundwater monitoring as well
as recording the yields from the PR&D trials of
INM, IPM and cultivar selection. Participatory
monitoring and evaluation will be a continuous
process to do mid-course corrections in the
interventions as well as for the approach.

6.3.2 Community mobilization

Watershed committee

Gram sabhas (village meeting with farmers) were
conducted to inform the community about water-
shed initiatives to improve livelihoods. ICRISAT
team and resource person from NGO along with
panchayat member participated in Gram sabhas
to facilitate the formation of user groups (UGs).
The approach of voluntary membership in the
UGs was adopted to ensure sustainability. The
UGs and existing self-help groups (SHGs) have
representation on the decision-making body of
the watershed, i.e. Watershed Committee. Each
watershed village has one village-level committee
(4-5 members) and from each village-level com-
mittee 2—3 members were appointed on execu-
tive committee for entire watershed.

The committee was constituted in an open
meeting and the objectives were briefed clearly.
The committee members and villagers were in-
volved at each and every stage of project planning
and execution of proposed interventions. For ex-
ample, selection and construction of water har-
vesting sites and types of structure, procurement
of the materials, record keeping, and verification
of bills and payment delivery, etc. were handled
by the W