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Foreword
At present there is tremendous pressure on land resources due to increasing population and competing
demands of various land uses. Land is used for the largest primary private industry in our country i.e.
agriculture. In view of the decreasing land-man ratio and continued dependence of a high proportion of
the population on agriculture, it is important to take proper care of this finite resource. Unfortunately it
is a widely neglected and misused resource. The results are ominous in the form of high degradation and
declining productivity. The situation demands everyone’s attention and immediate correction.
Land resource includes soil, water, bio-diversity, and micro climate. Soil is the most important component,
as any effect on it, directly influences and changes other components. One cannot control slope, texture,
climate and other critical soil factors but can surely control tillage, crop rotations, soil amendments and
other management choices. Through proper selection and application of appropriate soil, water and crop
management practices, the structure, biological activity and chemical content of the soil can be changed
and erosion rates, pest populations and nutrient availability can be modified as we aim for higher crop
production. All efforts are required to be directed towards keeping biological systems diverse, productive
and attain sustainable development by balancing local and global efforts to meet basic human needs
without destroying or degrading the natural environment.
Though it is challenging, increasing the productivity is the only way for survival of the civilization. I hope
that the contents of this booklet on “Soil, Water and Crop Management” will help all stakeholders in
understanding the nuances of proper land use for enhancing the productivity and farm income.

Dr. Harsh Kumar Bhanwala
Chairman
NABARD
March 2018

Message
Food is essential to life. Feeding more than 1.25 billion population takes a heavy toll on India’s land resources. The challenge
of natural resource management is evident from the fact that with mere 2.4 percent share of the world’s land and only
4.0 percent share of the world’s fresh water resources, the agriculture sector of India has to cater to 17.5 per cent of
the world’s population.
Loss of biodiversity stems largely from the habitat loss and fragmentation caused by the human appropriation of land for
development, forestry and agriculture as natural capital is progressively converted to man-made capital. Factors such as
climate change have increased pressure on natural resources. Added to this are the resource-hungry activities, like the need
for irrigation water, synthetic fertilizers and pesticides to the resource costs of food packaging, transport and retail.
Soil-Water security and food security are inextricably linked. Soil and Water conservation includes all the policies, strategies
and activities to sustainably manage the natural resource of fresh water, to protect the hydrosphere, and to meet the current
and future human demand.
Solution lies in conscious adaptation of sustainable agriculture, organic farming and sustainable business practices and
strengthening the resiliency characteristics of land resources.
In the light of the above, relevant information related to soil, water and crop production at one place will certainly help
all stakeholders in planning strategy, finding appropriate solution, application and implementation of suitable and precise
technology aimed at conserving soil and water resources and increasing productivity and income of the farmers.
I congratulate C-TAG Coordinator and members for their excellent work in preparing this Sectoral Paper on Soil, Water and
Crop Management. NABARD would be glad to receive valuable feedback and suggestions for enriching our endeavor.

H.R. Dave
Deputy Managing Director
NABARD
March 2018
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1. Introduction
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1.1	Water is one of the most critical resources

necessary for sustenance of life and
central to all developmental activities.
India, with 2.4% of the world’s total
geographical area and 18% of the
world’s population, has only 4% of the
world’s total fresh water resources. With
about 4000 billion cubic meter (bcm) of
annual rainfall, the estimated utilizable
water resources is only 1123 bcm (28%),
mainly due to hydrological, topographic
and other physical constraints. Of the
available utilizable resource, 690 bcm
is from surface water sources and the
remaining 433 bcm is from replenishable
groundwater sources. As against this, the
cumulative water utilization by all sectors
of the economy is 702 bcm (2010) of which,
agriculture sector alone consumes around
78% of the total water utilization. This is
despite the fact that more than 55% of
agriculture in India is rainfed and depends
on the vagaries of monsoon. However, due
to its wide temporal and spatial variability
coupled
with
inadequate
storage
infrastructure, there are floods in some
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parts while severe drought conditions in
other parts of the country.

1.2	With rapid population growth, urbanization

and improvement in the living standards,
the water requirement for all sectors
is increasing giving a challenge for fair
allocation of water. The National per
capita annual water resource during 2001
was 1816 cubic meter which fell to 1544
cubic meter in 2010 (CWC, 2015). As per
International standard, a situation with
less than 1000 cubic meter per capita is
considered to be water scarcity situation.
It is estimated that by 2050, the total
water demand by all sub-sectors (1180
bcm) will surpass the total utilizable water
resource of the country (CWC, 2015) and
the share of irrigation will come down to
68%. This means that improving water
use efficiency is one of the key priorities
of Indian Agriculture. Presently, the
average efficiency in respect of surface
water irrigation is 35-40% whereas the
same is around 55% in the case of ground
water irrigation.

2.	Water Resources
& Irrigation
Potential
2.1

Surface Water Resource

2.2

Groundwater Resources
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2.1 Surface Water Resources

2.1.1 The ultimate irrigation potential of the
country has been estimated to be 139.90 million
hectare (64.05 m.ha from groundwater and 75.85
m.ha from surface water). Further, additional
irrigation potential of 35 million ha could be created
through implementation of Inter Basin Water
Transfer proposals, taking cumulative potential
to 175 mha. As against this, irrigation potential for
113.24 million hectare has been created up to end
of XI Five Year Plan i.e. up to March 2012 of which,
89.94 m.ha has been utilized, leaving a gap of
around 23.30 million ha which is yet to be utilized.
Some of the reasons for increasing gap in irrigation
potential created and potential utilized include
incomplete coverage of command area works,
poor maintenance of irrigation structures due to
fund constraint, non-availability of adequate water
at outlets resulting in lower supply at the tail ends,
large scale deviations from designed cropping
pattern to water intensive crops, deteriorating
conveyance systems, non-enforcement of
warabandi (water rotation system), etc.

2.1.3 One of the reasons of low irrigation is lack
of adequate storage capacity to retain excess
rainfall, which leads to water scarcity situation
in many parts of the country during nonmonsoon seasons. Due to this there is overdependency on groundwater resources not
only for agriculture but also for domestic and
industrial usage, leading to over-exploitation
of aquifers. This in turn, results in reduced
river base flows, declining water table and
salt water intrusion into the coastal aquifers.
Further, around 76 million hectare land (i.e.
54% of net cultivated area) is under rain-fed
condition but contributes 44% of the total
food production in the country. With proper
irrigation facilities, food production from
rain-fed areas can be increased substantially.
Empirical evidences suggest that assured or
protective irrigation encourages farmers to
invest more in farming technology and inputs
leading to productivity enhancement and
increased farm income.

2.1.2 The details of potential created and
utilized, are as under:
Sub-Sector
(i)
(ii)

Major & Medium irrigation
Minor Irrigation
(a) Surface water
(b) Ground water
Total

Irrigation
potential
2404
3093
2509
652
1486

Potential
created
4546
3314
5622
909
1657

Source: - Planning Commission (2009) Report of the Task Force on Irrigation.
@ Gross irrigated area was 89.94 mha, NIA was 65 mha i.e. 46% of NSA
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(M.ha.)
Potential
utilised
6832
8634
10744
1941
4397

2.2 Groundwater Resources

2.2.1 The assessment of dynamic ground
water resources, carried out by the Central
Groundwater Board, reveals that there has
been significant increase in the number of
water stressed units from 2009 to 2013, despite
investments being made for groundwater
conservation and efficient management
practices. The status of categorization of the
assessment units, as on 31 March, 2009, 2011
and 2013, is detailed as below:
Category
Total units assessed
Over exploited
Critical
Semi-critical
Safe
Saline

No. of assessment units as on 31 March
2009
2011
2013
5842
6607
6584
802
1071
1034 (16%)
169
217
253 (4%)
523
697
681 (10%)
4277
4530
4520 (69%)
71
92
96 (1%)

(Source: Dynamic GW Resources of India, 2013;
CGWB)
Note: Number of assessment units varies due to
change in the unit size. e.g. Firka in Tamil Nadu &
Watershed in Maharashtra. Other states, block/
taluk has been taken as assessment unit.
2.2.2 As per the assessment of Dynamic ground
water resources of India (as on 31st March 2013),
the stage of Ground Water Development in the
Country is 62%. However, the development of
Ground Water in different areas of the Country
has not been uniform. The stage of development
in states likes Haryana, Punjab, Rajasthan and
Delhi has exceeded 100% of annual replenishable
resources whereas in UP, HP, TN, Puducherry
and Daman & Diu, it ranges between 70 to 100%..
Highly intensive development of ground water
in certain areas in the Country has resulted
in over-exploitation leading to decline in the
level of ground water and sea water intrusion
in coastal areas. This calls for long term policy
on conservation and efficient management of
scarce water resources using proven technology
and changing the pattern of water consumption
among various sectors of the economy
The State/UTs-wise details on stage of
development of ground water are given
in Annexure 1. State-wise Ground Water
Resources Availability, Utilization and Stage of
Development in India (2011-2012) is given in
the Annexure 2.
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3.	NABARD’s Role in
water resources
development
3.1	Sectorial Credit planning, monitoring
and Coordination
3.2

Units Costs of major Investments

3.3	Preparation, Implementation,
Monitoring of Area Development
Schemes (ADS)
3.4

6

Bankable Model Projects
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3.1 Sectorial Credit planning,
monitoring and Coordination

Institutional credit under private sector mainly
flows for the development of minor irrigation
facilities like dug wells bore wells, tube wells
etc, through groundwater resources, including
water conservation systems like sprinkler, drip
and micro irrigation systems. Support is also
Year >
Credit Potential (` crore)

3.2 Units Costs of major Investments

State specific unit cost for various MI
investments are finalized by NABARD Regional
Offices based on the wide consultation with all
the stake holders like the state and district level
government departments, bankers field officers
& farmers. The unit cost are finalized in the State
Level Unit Cost Committee constituted for the
purpose of fixing unit costs. The costs thus fixed
forms the basis for the assessment of the credit
potential for these investments, which are
annually, published as part of the annual credit
plans. The unit costs also guide the bankers
and the government departments in extending
support to the beneficiaries.

3.3 Preparation, Implementation,
Monitoring of Area Development
Schemes (ADS)

Considering the diversity and changes in the water
levels, discharges from the wells, soil conditions,
cropping pattern etc, NABARD has been
developing Area Development Schemes specific

extended for installation of water lifting devices,
which include diesel, electric and solar, pump
sets. Institutional credit is also extended to some
of the surface water based investments like lift
irrigation, farm ponds, check dams. As per
district wise assessment, the credit potentials
under minor irrigation sector for 5 years period
starting from 2015-16 is projected as under:
2015-16

2016-17

2017-18

2018-19

2019-20

Total

25340

29141

33512

38539

44320

170852

to sector / investment activities to take care of
area specific and agro climatic situation based
focus required for investment credit under minor
irrigation sector. The Schemes are formulated
based on the assessment of technical parameters
and financial analysis of the investment activity
for the given area taking into consideration the
required backward and forward linkages. The
schemes are implemented in a focused manner
through the financial institutions as part of
the credit planning process and to focus on
asset creation.

3.4 Bankable Model Projects

NABARD has been supporting the development
of bankable model projects for various
irrigation investments. These model projects
include guidance for techo-encomic and
financial analysis of the investments and
have been found to be useful by the bankers,
farmers as well as entrepreneurs. The models
bankable projects are made available through
NABARD website.
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4.	Financial Support
for Irrigation
Development
4.1	Refinancing to banks - Trends &
Achievement
4.2

Direct Financing

4.3

Long Term Irrigation Fund (LTIF)

4.4

Micro Irrigation Fund (MIF):

4.5	Umbrella Programme for Natural
Resources Management (UPNRM)
4.6

Watershed Development

4.7	Participatory Planning- Water
Conservation Campaign
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4.1 Refinancing to banks - Trends
& Achievement

4.1.1 Development of minor irrigation
particularly groundwater schemes are largely
dependent upon mobilization of institutional
investment and to a lesser extent on private
investment. NABARD has been serving as an

apex-refinancing agency, steering various
irrigation
developmental
policies
and
programmes with a view to boosting ground
level credit (GLC) flow through various rural
financing institutions. Details on credit flow and
NABARD refinance to the minor irrigation sector
is given in the table below:

Table: Credit Flow to MI Sector over last two plan periods
Sl. Plan period Year
No.
I
1
2
3
4
5
II
1
2
3
4
5

III
1
2

Overall GLC a LT
& MT loan to all
Agri & Allied

Xth Plan
2002-03
2003-04
2004-05
2005-06
2006-07
Sub Total
XIth Plan
2007-08
2008-09
2009-10
2010-11
2011-12
Sub Total
Total (Xth & XIth) plan
XIIth Plan
2012-13
2013-14

4.1.1 NABARD provides refinance support to
all banks for financing MI structures like wells,
community tube wells, energy efficient pump
sets including solar-based pump sets, pipelines,
water courses, lift irrigation schemes, micro
irrigation structure, check dams, etc. During
2015-16, out of aggregate refinance support of
` 48064 crore to banks for their long-term lending,
the share of minor irrigation was ` 1174 crore (i.e.
2.44%). Compared to this, the share of minor
irrigation in total refinance during the previous
year i.e. 2014-15 was 3.65%. Ground level credit
flow for minor irrigation activities during 11th
Plan period was only ` 17101 crore compared to
` 26194 crore during 10th Plan period.
4.1.2 NABARD has been regulating institutional
financing for development of wells in overexploited areas. However, in the recent years
this approach by and large has been ineffective

Disbursements in MI
GLC
NABARD
Refinance

(` in Crore)
Share of MI (%)
GLC MI to
2016-17

23974
32004
49247
75136
60945
271306

1975
2730
4214
8663
8566
26149

855
651
679
541
971
3697

8.24
8.53
8.55
11.53
9.42
9.6

43.26
23.84
16.11
6.24
11.33
14.13

73265
91447
107858
132741
114871
520182
791488

2840
3180
5197
4362
1522
17101
43250

404
546
497
921
661
3029
6726

3.87
3.48
4.82
3.29
1.32
3.29
5.46

14.22
17.17
9.56
21.11
43.43
17.71
15.55

133875
181687

1948
1928

1.46
1.06

in checking overdraft due to large-scale private
financing in the development of wells. Similarly,
the State Electricity Board’s denial of new
agricultural power connections in overexploited
areas and in critically developed areas, non
adherence to the regulations in relation to
spacing of wells has been ineffective due to
the use of old power connections for newly
drilled wells. Since groundwater development
depends directly on energy, management of
energy supply and pricing are suggested as
more effective indirect options for controlling
groundwater extraction in ground water over
developed areas.
4.1.3 In some of he regions of the country, even
though there is substantial credit potential
for minor irrigation sector, the ground level
credit flow has been slow mainly for want of
adequate credit absorption capacity at farm
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level and inadequate public investments
for infrastructure expansion. Besides, the
groundwater development in Eastern and NorthEastern parts of the country is less than 47%
mainly due to poor economic status of small
and marginal farmers, fragmented land holdings
and lack of rural electrification. Contrary to this,
there is severe ground water scarcity situations
in areas underlained by hard rock formations
where the occurrence of ground water is
subject to availability of secondary porosity.
In such areas, the probability of targeting
ground water resources and sustainability of
wells is very low due to poor recharge rate.
The unregulated extraction of ground water
has caused depletion of water levels that has
resulted in failure of wells, shortage of water
supply and deterioration in water quality.
High concentration of salts, fluorides, iron,
nitrates, arsenic and pathogens are also serious
limitations of ground water use especially for
drinking purposes.
4.1.4 In the above context, it could be mentioned
that there is need for substantial public
investments in certain Eastern & NER States
which would trigger the private investment and
credit flow to minor irrigation investments.

4.2 Direct Financing

4.2.1 RIDF Support to State Governments
4.2.1.1 NABARD has been financing to the State
Govt. for creating irrigation infrastructure out of
Rural Infrastructure Development Fund (RIDF)
created during 1995-96. As on 31 March 2017, about
29.10 m.ha irrigation potential has been created/
stabilized through implementation of 302356
irrigation projects. Out of total financial assistance
sanctioned for various infrastructure projects,
the share of irrigation projects is around 30.30%.
Further, over 50% of total financial support for
irrigation sector, has been provided toward minor
irrigation projects. NABARD supported 302356
new and existing irrigation projects of various
types with sanctioned loan amount of ` 81405
crore, benefitting cumulative area of 291 lakh ha
area. Major share (i.e. 50%) of the loans sanctioned
for irrigation projects were for minor irrigation
with cumulative loan of ` 40661 crore sanctioned
for financing 293322 MI projects. The same has
contributed substantially for creation of tangible
benefits in terms of improved productivity and
income of the farmers in the command areas.
4.2.1.2 Sub-sector wise number of projects and loan
amount sanctioned to various states for creation of
irrigation infrastructure, are given as under;
(` crore)

Irrigation Sector
Minor
Medium
Major
Micro Irrigation
Total

Total sanction (Cumulative I to XXII)
No. of Projects
Amount
293332
40661
894
9770
391
27118
7739
3856
302356
81405

4.2.1.3 Considering the huge investments made
out of the RIDF for rural infrastructure over two
decades and in order to assess the physical &
financial progress, implementation process,
quality of assets created, socio-economic impact
of the projects financed under RIDF, studies
were conducted through Institutes of repute viz.
IITs and IIMs covering projects in Irrigation and
Rural Connectivity Sectors. The major findings
of the study in respect of Irrigation Sector are
summarized below as under:i.	All categories viz. weaker sections, marginal
and small farmers benefited.
ii.	
Improvement in productivity of crops
(20% -Assam to 175%- Odisha)

10
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Share (%)
15.14
3.64
10.10
1.44
30.30

iii.	Change in cropping pattern and above 50%
increase in cropping intensity.
iv.	Increase in farm assets and increase of 141
to 164% machinery per HH
v.	Increased employment opportunities (36%
Odisha to 46% Gujarat)
vi.	Increase in livestock holding (61% - Tamil
Nadu to 88%- Gujarat)
vii.	Enhanced milk production (fodder
availability) 27% - Punjab to 150% -HP
viii. More than 30% increase in irrigated area.
ix.	Improvement in drinking water quality &
availability.

x.	Increased income for farmers (27% - WB to
60% - Odisha)
xi.	Quality of life and standard of living
improved.
xii.

Increase in Credit Flow.

4.3.4 NABARD has also been supporting State
Governments to implement micro irrigation
programmes through it’s own infrastructure
fund. A micro irrigation project was sanctioned
to Telangana State Horticulture Development
Corporation amounting to ` 874 crore.
4.3.5 Formation of Water Users Associations
in the irrigated commands is an important
area, which promote participatory irrigation
management. NABARD has been promoting
the development of WUAs under irrigation
commands of infrastructure projects. Efforts are
also being made to make these WUAs financially
viable and operational through encouraging
development of producers’ organization out of
these WUA. Details on state wise WUAs in India
are given in the Annexure 3.

4.3 Long Term Irrigation Fund
(LTIF)

Govt. of India during 2016-17 set up Long
Term Irrigation Fund (LTIF) in NABARD with an
initial corpus of ` 20000 crore for fast tracking
of incomplete major and medium irrigation
projects. A total fund requirement of ` 77595
crore (` 48546 crore for project works and
` 29049 crore for CAD works) has been assessed
to finance 99 identified incomplete projects
over a period of four years (2016-17-201920). On completion, these projects will create
additional irrigation potential of about 76.03
lakh hectare which will significantly contribute
towards enhancing agricultural productivity and
production. The agreement between NABARD,
NWDA and MoWR, RD & GR for providing Central
Share Funds was signed on 06.09.2016 in
consultation with Ministry of Finance.
As on 31.3.2018, a total of 86 projects were
sanctioned under LTIF with aggregate loan
amount of ` 56086 crore. Out of this, a loan
amount of ` 20446 crore was disbursed.

4.4 Micro Irrigation Fund (MIF):

In order to achieve the national objective of
enhancing water use efficiency in agriculture
sector and bringing about desired growth, Govt

of India had set up a dedicated fund in NABARD
titled “Micro Irrigation Fund (MIF)” with an initial
corpus of ` 5000 crore to be utilized from the
year 2017-18 onwards. The main objective of the
fund is to achieve overall improvement of water
use efficiency by about 20% and to cover at
least 10% of command area of surface irrigation
projects. The fund on operationalization, would
be used for providing loans at reasonable rate to
the State Govt. who are the major stakeholders
for meeting the state’s share in the projects.

4.5 Umbrella Programme for
Natural Resource Management
(UPNRM)

4.6.1 Umbrella Programme for Natural Resource
Management (UPNRM) is a unique programme
envisaging credit financing for protection and
conservation of natural resources. Unlike other
development programmes, UPNRM is extending
financial support in the form of loans with a
need based grant component at competitive
market interest rates to NRM based projects.
UPNRM successfully practices credit financing
for sustainable utilization, protection and
conservation of natural resources combined with
capacity building and other technical support.
This is a paradigm shift from the traditional
approach of implementing development
projects primarily by means of grant and
subsidies.
4.6.2 Under the programme some of the
innovative projects are under implementation,
which are directly linked to building the water
security and better management of the water
resources through community involvement.
Out of 191 projects under implementation
28 projects are linked to irrigation efficiency,
whereas one project is linked to drinking water
(use of reverse osmosis at community level for
safe drinking water through payment/ water
charges by community).
4.6.3 Drip irrigation has been promoted
majorly in Maharashtra region which is prone to
successive spells of droughts. The acreage under
drip irrigation covering water intensive crops like
cotton, sugarcane, and banana is around 3,533
Ha. Sustainable Sugarcane Initiative (SSI) covers
520 ha of land in five different projects, mostly
with drip irrigation which helps in saving water
and reducing use of fertilizer and pesticides
during cultivation.
Sectoral Paper on Water Resources |
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4.6.4 Innovative solutions under UPNRM such
as replacing old inefficient pumps with new
efficient pumps under partnership of Bangalore
Electricity Supply Company Ltd. (BESCOM)
and Enzen Global Solutions Private Limited
are conserving electricity used for irrigation.
The project addresses the core issues of
inefficient energy management and depletion
of ground water. The project’s two- pronged
approach intervenes at the individual villager
and community level: Project interventions
at the individual level included 1)Capacitate
farmers through trainings on water recharging
techniques and the pump sets’ maintenance, 2)
Train local youth in extension activities; and local
technicians in the installation and maintenance
of pump sets, 3) Promote the adoption of
efficient irrigation pumps improved agricultural
practices among farmers. Project interventions
at the community level viz. 1) Demonstrate
water recharging methods on dry open wells
and dry bore wells. 2) Install an information
kiosk that provides farmers with agriculture
and market information. Under the project
234 farmers adopted the efficient irrigation
pumps resulting in specific energy consumption
reduction of about 30% or 1,958,441 kWh
over 18 months. This innovative partnership
design has a great potential for replication
across India.

4.7 Watershed Development

4.7.1 NABARD has been implementing watershed
development projects since 1992 with an aim to
improve agricultural development by capturing
scarce water resources and managing the soil
and vegetation both in rain-fed and semi-arid
regions. As on 31.03.2017, 1935 watershed
projects were implemented across 19 States
covering more than 5 lakh households and 1.9
million ha area. Though these projects have
helped in augmentation of surface and ground
water resources, enhanced cropping intensity/
crop productivity and also promoted the water
governance through participatory irrigation
management & water budgeting, lack of
understanding of hydrological conditions and
poor infrastructure management have been
the limiting factors in harnessing full potential.
The interventions have, however, sustainably
reduced the farmers’ distress in rain-fed areas,
stabilised crop yield and improved the farmers’
income levels.

12
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4.7.2 NABARD under Watershed Development
Fund (WDF) launched a new programme on
Springshed Development in North Eastern
Region including Sikkim in February 2017.
Springshed are the main source of drinking water
in NE region, however, owing to destruction and
degradation of natural resources especially
forests and adverse impact of climate change
over a period of time, these spring sheds are
getting dried up causing severe water scarcity in
the hilly region. Though the region receives high
rainfall, there is no waters security in the region.
There is an absolute need for breaking the cycle
of abundance and scarcity through conservation
and storage of water through scientific
springshed development approach. The major
objective of the scheme is to revive the dying
springs and enhance agriculture production,
productivity, income and livelihood of farming
community in the region.

4.8 Participatory Planning- Water
Conservation Campaign

4.8.1 Water has always played a central role in
human societies and is a key driver of sustainable
growth and poverty reduction since it is an input
to almost all production; in agriculture, industry,
energy and transport and also useful for healthy
ecosystems. Major parts of India is facing
acute water shortage on account of changing
weather conditions, unsustainable use of water,
deteriorating water quality and increasing
sectoral water demand. Increasing ground water
over-exploitation, large scale use of chemical
fertilisers/ pesticides in agriculture and unsafe
disposal of industrial wastes into fresh water,
poses severe water quality problems. While
the Govt. of India/ State Govt. have introduced
several schemes and initiated series of measures
to address water scarcity issues, the problems
are becoming more acute in the face of changing
demand pattern and climate variability. The
significant aspect of water scarcity situation,
calls not only for transformational initiatives
by the public institutions but also for a massive
Water Conservation Campaign and collective/
community actions for its conservation,
preservation and efficient utilisation to ensure
sustainable future.
4.8.2 In the above context, NABARD launched a
major Water Conservation Campaign to cover
around 1,00,000 villages in most vulnerable/

water stressed areas, particularly where the
ground water is over exploited. The active
involvement of bank officials, state government
departments, knowledge partners, technical
organizations, Corporates and NGOs, etc.,
have been the most distinctive features of
this initiative. Around 200 Master Trainers and
8000 Krishi Jaldoots were identified and given
intensive training through expert agencies.
The Master Trainers and Krishi Jaldoots were
deployed to run the campaign at village level
covering different stakeholders including SHG
members, Farmer clubs, women, health workers,
etc. to sensitize them on water related aspects.
The objectives of the campaign are to:

engage with major stakeholders at different
levels including Govt. departments, banks, Agri
universities/KVKs, PRIs, Resource NGOs, local
water champions and other volunteers. To make
the campaign effective, area specific contents
covering different water management practices
applicable to local conditions for various agro
climatic regions, with emphasis on community
participation, were developed for sharing
with the community. The major themes of the
Campaign for which specific contents were
developed, include:

i.	Create awareness among the stakeholders
about various methods of water
conservation and its efficient utilization/
management

b)	Save Water and Use it Efficiently (More crop
per drop)

ii.	Facilitate adoption of cost-effective
technologies for enhancing productivity
per unit of volume of water used

d)	Adopt Best cropping practices (reduce crop
water demand)

iii.	Linking banks for facilitating investments
in water efficient technologies, rainwater
harvesting and adoption of improved water
conservation/ management practices in
agriculture.

f)	Rejuvenate village water bodies (ensure
water to all)

iv.	Increasing adaptive capacity of the farmers
against climate change through capacity
building.
v.	Promoting climate resilient agriculture using
local resources/ water use technologies.
vi.	Facilitating improved availability of water
for agriculture and enhanced income of
farmers/ villagers.
vii.	
Building capacities of local volunteers
(Krishi Jal Doots) to act as resource
persons (catalysts) in promoting better
water management practices through
community actions.
4.8.3 The campaign essentially focuses on
creating awareness among the rural community
about the methods of water conservation,
preservation and its efficient utilization at
various levels using the modern technologies
like micro irrigation (more crop per drop),
traditional water management practices,
adopting improved package of agronomic
practices, etc. The campaign was designed to

a)	Harvest Rain water (Catch the drop where
it falls)

c)	Recharge groundwater (Make well yield
more sustainable)

e)	Supply moisture to crops for better yield,
not irrigation water

g)	Diversion based irrigation & managing
artificial glaciers
h)

Spring-shed development in hilly areas

4.8.4 Important Outcomes
(i) Capacity/ Skill Building
A pool of 200 Master Trainers (MTs) and 8000
Krishi Jaldoots (KJDs) trained on water
management practices through community
actions, has been created in the rural segment.
The programme equipped KJDs/MTs with the
ability to plan and organise village campaign,
improve communication and inter-personal
skills in the village and are better placed for
responding to the queries on water efficient
technologies, besides acting as NABARD’s
ambassadors for future actions. In addition,
the awareness level of around 7 lakh village
volunteers identified during the campaign, has
improved considerably and they have been
adequately sensitised to own up the village
action plan, facilitate voluntary actions and
act as effective links between the village and
departments for implementing the identified
activities/action plans.
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(ii) Promotion of voluntary labour (Shramdaan)
During the campaign, villagers contributed
voluntarily towards labour (Shramdaan) for
various water conservation activities like
desilting of ponds, tanks, creation of soak pits,
water channels and afforestation/plantation
activities. It has been assessed from the data
gathered through KJDs that the voluntary works
alone worth around ` 50 crore i.e. (average 5000/per village) were carried out as a result of the
village campaign and the villagers, committed
themselves to continue this practice every year.
(iii) Resource inventory/ mapping
Resource mapping was done in a participatory
method, which served as an instrument for
visualizing the available resources in a village.
It captured information on water related
works being done in the villages; roles and
responsibilities of the village community
and that of delivery system for making these
structures function effectively.
(iv) Participation of Stakeholders
There was active involvement of various
stakeholders like Government Departments,
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Banks, Agricultural Universities/ Krishi Vigyan
Kendras (KVKs), Panchayati Raj Institutions
(PRIs), Resource NGOs, local water champions,
other volunteers etc. Representatives of CBs,
RRBs, Co-operatives, Lead Banks, Government
Departments, etc. participated in village
campaign as also in the debriefing sessions. The
action plans that emerged during the Campaign
were shared with all the stakeholders for
integrating in their development plans.
(v) Mainstreaming of the village plans with
development plans of Govt./ Banks
The Area Development Schemes formulated by
DDMs/ Banks as a sequel to the campaign, were
integrated with the Lead Bank Scheme/Credit
Plans/monitoring for facilitating flow of bank
credit to irrigation and water management
activities. The resource maps and the action
plan for creating new structures prepared
during the campaign have been integrated with
the targets under Government department
plans, including MNREGA for construction/
maintenance of water harvesting structures in
the villages.

5.	Water Productivity
Atlas
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5.1 Increasing population and existing climate
change scenario is posing a major challenge to
the global fresh water resource. India is already
categorized as water stressed country in terms
of per capita freshwater availability (1544 cubic
meter in 2011). By 2030, India is also likely to have
600 million people living in urban areas, up from
current level of about 380 million. Against this
backdrop, ensuring optimum water productivity
(output per unit of water used/applied for
irrigation by crop) becomes essential to ensure
sustainable growth in agriculture. It may be worth
noting that water is likely to be a more binding
constraint to Indian agriculture than even land,
and therefore it is time to change the mind-set
from raising agricultural productivity per unit
of land to per unit of water. Further, improper
alignment of cropping patterns from the point
of view of water availability leading to inequity
in irrigation water use among crops across the
country is another issue that needs to be properly
understood and addressed. It may be noted
that the cultivation of rice and sugarcane is the
biggest contributor to depletion of groundwater
in Punjab and Maharashtra. According to a study
conducted by ICRIER, it is estimated that just
two crops i.e. Rice and Sugarcane use up around
50-55% of the irrigation water across India.
Further, the farmer in Haryana and Punjab use
staggering 5000 litres of irrigation water to
produce just one kilogram of rice.
5.2 In the above context, NABARD has assigned
a study to the Indian Council for Research on
International Economic Relations (ICRIER) to
develop Water Productivity Atlas of India” which
shall help in improved understanding of water
use pattern and targeted policy and investment
interventions for improving our agriculture
water use efficiency. The water productivity atlas
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addresses how the cropping patterns (using 10
major crops under study, covering more than 60
per cent of gross cropped area) across states can
be re-calibrated with a view to maximize crop
productivity per unit of water consumed/applied
for irrigation.

5.3 The study is spread across pan-India
covering the relevant production, climate
and water data from all the 640 districts
(2011 Census) with detailed analysis for
‘dominant districts and states’. Agricultural
Water Productivity Atlas has been developed
for 10 important crops: cereals (rice, wheat,
maize), pulses (chickpea, tur/arhar), oilseeds
(groundnut, rapeseed-mustard), commercial
crops (sugarcane, cotton), and horticultural
crop (potato). The water productivity will be
analyzed from three broad perspectives namely
– Physical water productivity (crop output per
unit of total consumptive water used (TCWU)),
Irrigation water productivity (crop output per
unit of irrigation water applied by farmers) and
Economic water productivity (value of crop
output produced per unit of TCWU as well as
irrigation water applied) and mapped indicating
the suitability of the crop with respect to water
use across the region.
5.4 The Atlas developed by ICRIER with
financial support of NABARD, will help improve
crop planning for judicious use of scarce water
resources. Further, it will aid to appropriate
policy advocacy with regard to alignment of
the cropping pattern with water availability
and focusing on brining efficiency in the use
of water in water guzzler crops like rice and
sugarcane, especially in regions where their IWP
is low despite high land productivity, to ensure a
sustainable development of agriculture.

6.	Union Budget
for 2018-19- Key
Initiatives in
Irrigation Sector
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6.1 The Union budget 2018-19 has given
foremost importance to the Prime Minister
Krishi Sinchai Yojana (PMKSY) with the objective
of “Har Khet Ko Pani” and “Per Drop More Crop”.
The following announcements were made in the
Union Budget:
6.1.1 Under the Prime Minister Krishi Sinchai
Yojana (PMKSY), a budget of ` 2600 crores has
been provided to boost groundwater irrigation,
which is aimed to provide assured irrigation in
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96 irrigation deprived districts where less than
30% of the land holdings get water.
6.1.2 The scope of Long Term Irrigation Fund
(LTIF) would be expanded to cover specified
command
area
development
projects.
Similarly, an additional allocation of ` 1000
crores has been made for extending irrigation
and strengthening irrigation facilities and
improving groundwater management in
rural areas.

7.	Govt. Schemes for
Water Resources
7.1	Pradhan Mantri Krishi Sinchayee
Yojana (PMKSY)
7.2

National Mission on Clean Ganga

7.3	Accelerated Irrigation Benefits
Programme (AIBP)
7.4

Interlinking of rivers
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7.1 Pradhan Mantri Krishi
Sinchayee Yojana (PMKSY)

With a view to addressing the water scarcity
situations and ensuring more equitable use of
water, the Govt. of India launched Pradhan Mantri
Krishi Sinchayee Yojana (PMKSY) envisaging the
concept of “water for every farm” and “more crop
per drop” to which, NABARD is a key stakeholder.
Under this initiative, it is targeted to enhance
irrigation efficiency by about 20% and creating 28.5
million ha additional area under irrigation. The
total budget allocated for implementing various
components under PMKSY is ` 50000 crore over
four year’s period (2015-16 to 2019-20). The major
components include fast tracking completion of 99
incomplete major and medium irrigation projects,
greater use of micro irrigation systems, ensuring
water in every farm and improving soil & water
management practices on watershed approach for
enhancing livelihood security. These measures are
likely to not only enhance agricultural productivity
and facilitate post-harvest activities across
value chain but also result in creation of rural
employment to a great extent.

7.2 National Mission on Clean
Ganga

National Mission for Clean Ganga (NMCG) was
registered as a society on 12th August 2011 under
the Societies Registration Act 1860. It acts as
implementation arm of National Ganga River Basin
Authority (NGRBA) which was constituted under
the provisions of the Environment (Protection) Act
(EPA), 1986. The mission aims to ensure effective
abatement of pollution and rejuvenation of the
river Ganga by adopting a river basin approach
to promote inter-sectoral co-ordination for
comprehensive planning and management and
to maintain minimum ecological flows in the river
Ganga with the aim of ensuring water quality and
environmentally sustainable development.
7.2.2 ‘Namami Gange Programme’, is an
Integrated Conservation Mission, approved as
‘Flagship Programme’ by the Union Government
in June 2014 with budget outlay of ` 20,000
Crore to accomplish the twin objectives of
effective abatement of pollution, conservation
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and rejuvenation of National River Ganga. The
components of the Namami Gange project
include e.g. Sewerage Treatment Infrastructure,
River-Front
Development,
River-Surface
Cleaning Bio-Diversity, Afforestation, Public
Awareness, and Industrial Effluent Monitoring,
Ganga Gram, etc.

7.3 Accelerated Irrigation Benefits
Programme (AIBP)

Govt. of India launched a Accelerated Irrigation
Benefits Programme (AIBP) to provide Central
Loan Assistance (CLA) to major/medium irrigation
projects in the country during 1996-97. The
objective was to accelerate the implementation
of those projects, which were beyond resource
capability of the states or were in advanced stage
of completion. With the launch of PMKSY in 2015,
AIBP became a part of it.

7.4 Interlinking of rivers

7.4.1 Interlinking of River (ILR) aims to ensure
greater equity in the distribution of water by
enhancing the availability of water in drought
prone and rain fed area.Under the National
Perspective Plan (NPP) prepared by Ministry of
Water Resources, NWDA has already identified
14 links under Himalayan Rivers Component
and 16 links under Peninsular Rivers Component
for inter basin transfer of water based on field
surveys and investigation and detailed studies.
Out of these, Feasibility Reports of 14 links
under Peninsular Component and 2 links (Indian
portion) under Himalayan Component have
been prepared.
7.4.2 The overall implementation of Interlinking
of Rivers programme under National Perspective
Plan would give benefits of 35 million hectares
of irrigation, raising the ultimate irrigation
potential from 140 million hectare to 175 million
hectare and generation of 34000 megawatt of
power, apart from the incidental benefits of
flood control, navigation, water supply, fisheries,
salinity and pollution control etc. Ensuring
necessary environmental and social safeguards
is the most important challenge for the projects
aimed at interlinking of rivers.

8.	Schemes of
NABARD/ Govt.
for Use of Solar
Energy in Irrigation
Development
Sectoral Paper on Water Resources |
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8.1 At present, to promote the use of solar
energy, two capital linked subsidy schemes of
Ministry of New and Renewable Energy (MNRE),
GoI, i.e. Solar Photovoltaic Water Pumping
systems and MNRE Lighting Scheme 2016 were
operated through NABARD. However, MNRE,
Govt. of India, has advised stoppage of subsidy
of solar schemes routed through NABARD with
effect from 15 March 2017.
8.2 As per the data of MNRE as on 31 March 2016,
17611 pump sets were installed by the State
Nodal Agencies for Renewable Energy. State
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wise coverage of solar pump set programme
is given in the Annexure 4. The solar irrigation
can ensure energy access as well possibility
of additional income generation through sale
of power to DICOMS, wherever the policy
environment encourages the same. However,
the penetration of the solar pumping system is
much lesser as compared to the potential for the
same. Some of the models on such integration
of water pumping and power generation have
been successful deployed in various parts of
country. Details on one such model are provided
under Annexure 5.

9.	Climate Change &
Water Resources
Scenario - Key
initiatives of GoI
& NABARD
9.1

National Mission on Micro Irrigation

9.2

National Water Mission
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9.1 National Mission on Micro
Irrigation

9.1.1 Recognizing the importance of micro
irrigation, the government has taken various
initiatives since 1992. The first real thrust
however came in 2006, when the government
launched a Centrally Sponsored Scheme (CSS)
for micro irrigation. This was later upgraded to
the National Mission on Micro Irrigation (NMMI)
and was implemented through the year 2013-14.
For the year 2014-15, NMMI was subsumed under
the National Mission for Sustainable Agriculture
(NMSA) and was implemented under the On Farm
Water Management (OFWM) component of the
scheme. Pradhan Mantri Krishi Sinchayee Yojna
(PMKSY) was launched in 2015, integrating micro
irrigation in the flagship scheme as an integral
component. The scheme focusses on providing an
end-to-end solution to the irrigation supply chain.
9.1.2 The total potential of micro irrigation in
India is estimated at around 69 Mha, however
currently the coverage of micro irrigation is
only 7.7 Mha (2015). The state wise are under
micro irrigation is given in the Annexure 6. With
the current target of achieving 0.5 mn hectare/
annum coverage, it would take a very long
time to realize the potential estimates of micro
irrigation in India.
9.1.3 Crop-wise potential for Micro Irrigation
Systems, are as given below1:
Area in Million ha
Crop
Total
Cereals
27.6
Pulses
7.6
Oil Seeds
4.9
Cotton
8.8
Vegetables
6
Spices and Condiments
2.4
Flowers, medicinal and aromatic
1
plants
Sugarcane
4.3
Fruits
3.9
Coconuts, plantation crops and oil
3
palm
TOTAL
69.5
9.1.4 Micro irrigation has seen a steady growth
over the years. Since 2005, area covered under
micro irrigation systems has grown at a CAGR

of 9.6 percent. Geographically, states with the
largest area under micro-irrigation include:
Rajasthan (1.68 mh), Maharashtra (1.27 mh),
Andhra Pradesh (1.16 mh), Karnataka (0.85
mh), Gujarat (0.83 mh) and Haryana (0.57
mh). Majority of the area covered under micro
irrigation systems comes under sprinkler
irrigation with 56.4 percent, while 43.6 percent
comes under drip irrigation. Area under drip
irrigation has shown stronger growth in recent
years, growing at a CAGR of 9.85 percent in the
2012-2015 period while sprinkler irrigation has
grown at a pace of 6.60 percent in the same time
period. Overall, the area under micro-irrigation
has grown at a CAGR of 7.97 percent in this
time frame.
9.1.5 The current coverage under micro
irrigation is about 7.73 million ha. Task-force
on micro irrigation (2004) estimated a potential
of 27 mh for drip irrigation and 42.5 mh for
sprinkler irrigation with total potential of 69.5
mn hectares. This estimate is based on the area
under crops that are suitable for micro irrigation.
Thus there is a gap of 61.8 million ha to be
covered under micro irrigation. With the current
target of achieving 0.5 mn ha/ per year coverage
under micro irrigation, with a budget of just INR
1000 crores (US$ 156 mn), it will take another
100 years to achieve the potential.
9.1.6 Further, current rate of growth of
micro irrigation it would be very difficult to
achieve the target of improving 20% irrigation
efficiency, including 10% area coverage under
surface irrigation projects as envisaged in
PMKSY. One of the constraints in expanding
the area under micro irrigation is the limited
funding available at the farmers levels as also
institutional mechanism to provide crop specific
and area based technical extension services.
There is need to develop innovative financing
approaches through involvement and public and
private investments.
9.2 National Water Mission
9.2.1 Broad strategies
Under the National Action Plan for Climate
Change (NAPCC), the Govt. of India envisaged
National Water Mission with the core objective of
“conservation of water, minimizing wastages and
ensuring its more equitable distribution both

Accelerating growth of Indian agriculture: Micro irrigation an efficient solution Strategy paper - Future
prospects of micro irrigation in India

1

24

| Sectoral Paper on Water Resources

across and within states through integrated water
resources development and management”. The
Mission outlines the following five goals across
which major initiatives have been envisioned
as well as aligned from ongoing schemes
pertaining to development and management of
water resources in the country.
	Comprehensive water data base in public
domain and assessment of impact of
climate change on water resources
	Promotion of citizen and state action for
water conservation, augmentation and
preservation
	
Focused attention to vulnerable areas
including overexploited areas


Increasing water use efficiency by 20%

	Promotion of basin level integrated water
resources management
9.2.2 State Specific Action Plan on Water
(SSAP-WATER):
9.2.2.1 Govt. of India launched National Action
Plan on Climate Change (NAPCC), which interalia, identified the approach to be adopted to
meet the challenges of impact of climate change
through eight National Missions including
National Water Mission (NWM). The main
objective of NWM is “conservation of water,
minimizing wastage and ensuring its more
equitable distribution both across and within
States through integrated water resources
development and management”.
9.2.2.2 The water resources of the country are
under severe strain with continuously declining
per capita water availability, increased overexploited areas, very large temporal and spatial
variation in rainfall, accelerated demand for
water with Industry, change of consumption
distribution pattern with the growing economy,
growing quality and equity concerns etc. Water
is a state subject. Thus, any improvement in
access, availability, utilization and quality invites
the attention of critical and pivotal role for State
Governments. In this context, in order to achieve
the objectives of NWM in a holistic manner, NWM
envisages preparation of State Specific Action
Plan (SSAP) for water sector of each State/UT
aligning with the State Action Plans on Climate
Change already prepared by the States/UTs
with support from the Ministry of Environment,
Forests and Climate Change. Most of the

identified strategies/actions to achieve the goals
of the NWM are required to be taken by the State
Governments/Union Territories. The SSAP for
water sector needs to be formulated based on
scientific assessment of the supply and demand
side of water resources and vulnerability to
climate change. It will help in identifying and
prioritizing mitigation/adaptation strategies;
climate change projections; GHG emissions
(sectors/regions), etc.
9.2.2.3 It is in this context, NWM is supporting
States and UTs to formulate State Specific Action
Plans for Water Sector. Accordingly, suitable
Model Templates for water budgeting have been
developed through a consultative process by the
NWM involving concerned departments of the
State/ Central Govt., NABARD, National Institute
of hydrology, Research Organizations, Technical
institutions, subject matter specialists and other
stakeholders. Details of the Water Budgeting
Model Templates developed for various water
related sectors, are available on the Mission
website (http://nwm.gov.in/node/341).
Objectives of SSAP for water sector
	Critical analysis of existing water scenario
based on current and past data / informationboth on availability and development
(supply side) and use (demand side).
	Critical review of existing water policies,
regulations, institutions and various
ongoing interventions / Schemes /
Programmes on Water being undertaken by
various government and non-government
agencies including the best practices.
	To identify current and future development
needs, challenges; vulnerable areas
and communities; and explore possible
solutions and strategies for sustainable
development and management.
	
To evolve and formulate performance
indicators for each of the water cycle/
dimension
component
including
Sustainable Development Goals.
	To formulate annual State / UT Water
Budgets.
	
To designate one State Department as
responsible for enabling, coordinating and
supervising all aspects of water- Quantity
(supply side, demand side) and quality
dimensions / components of Water / Water
Sectoral Paper on Water Resources |

25

Cycle in the State with a responsibility to
formulate annual State/ UT Water Budgets

contingency plans to manage the impact of
climate change.

	
To document assessment / Impact of
Climate Change on the State-resources,
livelihoods and growth from Water
perspective and the development of
possible scenario on Water.

	
To formulate a comprehensive and
integrated water plan for WATER SECURITY,
SAFETY AND SUSTAINABILITY TILL 2050
with equity through convergence, synergy
and role / accountability of all stakeholders
-Government
and
Non-Government
agencies including civil society.

	
To formulate a strategic action plan
including location and context specific

26

| Sectoral Paper on Water Resources

10.	Micro Irrigation
through Public
Private Partnership
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NITI Aayog has taken initiative to come out with
suitable guidelines on Micro Irrigation through
Public Private Partnership, for implementation
with an objective to scale up coverage under
micro irrigation systems and enhance water
productivity across the country with technology
as key enabler. The proposed PPP scheme
aims at construction and maintenance of an
Integrated Micro Irrigation (IMI) network for
providing water to the roots of crops from the
source (canal or other perennial water sources)
and ensuring convergence with ongoing schemes
of Central/ State Govt., for achieving enhanced
efficiency through economy of scale. The
project is proposed to be implemented under
an organised participatory farming framework,
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wherein the beneficiary farmers shall poolin their land holdings (to have a cluster size of
minimum 1000 ha) and form a Farmer Producer
Company (FPC).
While the Concessionaire shall undertake the
construction and maintenance of the project,
the operation of IMI network will be the
responsibility of FPC. Participation of beneficiary
farmers with emphasis on the “skin in the game”
to be an integral part of PPP-IMI scheme. Apart
from construction and maintenance of project,
the Concessionaire shall also ensure capacity
building/ training of farmers, make efforts for
providing credit and market access and decide
appropriate cropping pattern jointly with FPC.

11. Important Sectoral
Issues & Govt./
NABARD Initiatives
11.1 Irrigation/ Water Use Efficiency
11.2 Gap in Potential Created and Utilized
11.3 Declining Water levels
11.4	Energy Demand for Irrigation (Water
Energy Nexus)
11.5 Deteriorating Water Quality
11.6 Recycling/ Reuse of Waste Water
11.7	Climate Change Impact on Water
Resources
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11.1 Irrigation/ Water Use
Efficiency

11.1.1 Despite having largest irrigated land, India
has very low per unit productivity as compared
to International standards. As per basin wise
study conducted by Dr. A Vaidyanathan and
K. Sivasubramaniam, the overall irrigation
efficiency in the country is reported to be around
38%. Krishna, Godavari, Cauvery and Mahanadi
systems have a very low efficiency of around 27%
while the Indus and Ganga systems are doing
better with efficiencies in the range of 43%-47%.
The overall efficiency of surface water irrigation
projects is around 35%-40% though there is
potential to increase up to 55-60%. In respect
of 55% of the area irrigated by groundwater
sources, the efficiencies are quite high (70 to 80%)
in view of absence of long conveyance systems.
Some of the reasons for poor efficiencies are
partial completion of irrigation structures, poor
operation and management, unlined canals,
absence of volumetric water supply, silting of
reservoirs, lack of community participation in
planning and management, inadequate use of
irrigation efficient practices, lack of capacity
building of water users for efficient management
of structures, etc.
11.1.2 The National Commission on Integrated
Water Resources Development Plan (1999) has
postulated that it is possible to achieve higher
efficiencies in the order of 55-60 percent for
surface water and 72-75 percent for ground
Water. Hence, there is a need to enhance the
overall irrigation efficiency at least by 20% from
the existing level of 35-40% by way of addressing
critical issues so as to bring additional area under
irrigation and enhance agricultural productivity
for meeting the growing food demand.
11.1.3 Govt. of India’s aim for doubling
of farmer’s income by 2022 would require
considerable attention for improving irrigation
efficiency. Inefficiency in the use of water has
led to depletion in groundwater availability
and low agricultural productivity in the
country. Incidentally, India uses 2 to 4 times
more water to produce a unit of major crops
than does China and Brazil. In order to raise
agricultural productivity in India, it is imperative
to expand the acreage under irrigation along
with the adoption of appropriate technologies
for efficient utilisation of water through
suitable pricing
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11.2 Gap in Potential Created and
Utilized

There is large gap between the potential
created and utilized due to several factors. As
per study conducted by four Indian Institute
of Managements (IIMs), the main reasons for
the gap were lack of proper operation and
maintenance, incomplete distribution system,
non-completion of on-farm activities, changes
in cropping pattern and diversion of irrigated
land to other purposes. Out of samples selected
for study, 40% of the gap was due to poor
maintenance and 25 to 40% due to incomplete
distribution system. Cropping pattern and
land use change accounted for 15 to 20% of
the gap. This suggests that operation and
maintenance are extremely important and
needs a high priority. Also, appropriate pricing
of water on volumetric basis can incentivize
farmers to select socially desirable and
sustainable cropping patterns. In this context,
the community participation in planning
and management of irrigation structures
assumes significance.

11.3 Declining Water levels

Public investments in irrigation has been largely
focused on surface water irrigation making
groundwater a common pool resource for
utilization by private players, including farmers.
Over the last four decades, more than 84%
of the total addition to net irrigated area has
come from groundwater. This points towards
deleterious nature of over dependency and
mindless utilization of ground water for irrigation
purposes as also for meeting the growing urban
needs. Such a scenario coupled with reducing
rainfall-recharge and deforestation has led to
faster decline in water table in many parts of the
country. Therefore, unless appropriate policy
regulations are put in place with regard to pricing
of water and power, sustainable usage of ground
water, recharging aquifers and promoting
conjunctive use of surface and groundwater,
the long term sustainability of ground water for
different uses cannot be ensured.

11.4 Energy Demand for Irrigation
(Water Energy Nexus)

With limited land resources, inadequate energy
supply and growing water stress, India faces
the challenge of providing enough water and
energy to grow enough food for the burgeoning
population. The issues and challenges in the

food, water and energy sectors are interwoven
in many complex ways and cannot be managed
effectively without cross-sectoral integration.
The most distinctive feature of the nexus is the
high degree of dependency of downstream
communities on upstream ecosystem services for
dry-season water for irrigation and hydropower,
drinking water and soil fertility and nutrients.
It is estimated that the agriculture consumes
around 18-20% of the total energy consumption
in India. However, inadequate and erratic power
supply, availability of cost free power and large
number of inefficient pump sets have caused
not only fast decline in water table in many
areas but also high energy usage. Therefore,
promoting energy efficient water pumping
devices, replacing low energy efficient pumps
with high efficiency pumping system, greater use
of solar pumping systems particularly in off-grid
areas and optimizing agricultural water demand
through appropriate crop planning, efficient use
of water, ground water recharging and rainwater
harvesting, etc. are some of the measures which
need to be adopted by way of policy interventions.

11.5 Deteriorating Water Quality

India’s huge and growing population is putting
a severe strain on the natural resources
particularly on land and water. Around 30% of
urban and 90% of rural India still depends on
untreated surface or ground water for drinking
purposes. India ranks 120 out of 123 countries
surveyed on the Safe Water Index. The water
sources are contaminated mainly by sewage
and agricultural runoff. Almost 70% of surface
water and growing percentage of ground water
are contaminated. About 534 of the total 640
districts in India have contamination higher
than the maximum permissible limits (CGWB
report, 2014) and the ground water in around
1/3rd districts is unfit for drinking purposes since
the concentration of fluoride, iron, salinity and
arsenic exceeds tolerance level. Surface water in
most places has high microbial contamination.
This degraded water quality can contribute
to water scarcity thus, directly impacting the
usable water resources and water supply. As per
WHO estimate, 97 million Indians lack access to
safe water. As a result, the World Bank estimates
that 21% of communicable diseases in India are
related to unsafe water. Further, India is facing
chronic water shortages and drought, as rivers
become increasingly polluted and groundwater
reserves rapidly declining due to unchecked use

of water pumps by farmers and villagers. The
problem is set to worsen with climate change
which will further reduce water availability as
also water quality.
Therefore, the management of water quality
both, surface and groundwater becomes
extremely important in the context of meeting
the emerging water demand for economic
development and providing safe and affordable
drinking water to the underserved communities.

11.6 Recycling/ Reuse of Waste
Water

As per recent estimate, the generation of
wastewater from urban areas has increased to
about 54 billion liters a day (bld) during 2013
from about 5 bld during 1947 and over 80%
of this wastewater is discharged into natural
water bodies without any treatment due to lack
of infrastructure and resources for treatment.
Of the 45,000 km length of Indian rivers, 6,000
km have a bio-oxygen demand above 3 mg/l,
making the water unfit for drinking (CPCB 1998).
While an estimated 80% of wastewater is used
for irrigation, there is a lack of policy framework
covering the issues associated with this practice.
Untreated wastewater from domestic, hospital
and industrial areas pollute rivers and other
natural water bodies. On the regulation front, the
Water Act covers industrial effluent standards,
but ignores the domestic and municipal effluents
even though they constitute 90% of India’s
wastewater volumes. The Industries can reuse/
recycle the generated waste water for various
purposes within its production/ processes
and prevent water pollution by not releasing
untreated wastewater into the water bodies.

11.7 Climate Change Impact on
Water Resources

11.7.1 Projections based on climate models
indicate that on a global scale, temperature will
continue to rise over the next century causing
rise in sea levels and change in circulation
pattern that affect precipitation. Water will get
biggest hit in terms of availability and extremes
of floods and droughts. Further, though the
global scale projections indicate a possible
increase in precipitation in India, certain areas
would receive lower rainfall due to considerable
spatial variations. The impact of climate
change will essentially be reflected in terms
of water availability, changes in agricultural
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water demand, hydrologic extremes of floods &
droughts, changes in water quality, salinity ingress
in coastal aquifers, modifications in groundwater
recharge and other related phenomena.
11.7.2 The Water Policy indicates that, “climate
change is likely to increase the variability of
water resources affecting human health and
livelihoods. Therefore, special impetus should
be given towards mitigation at micro level by
enhancing the capabilities of community to
adopt climate resilient technological options”.
NABARD as National Implementing Entity for
Adaptation Fund, Green Climate Fund and
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National Adaptation Fund on Climate Change
has been making efforts for accessing climate
finance to address adverse impacts of climate
change through adaptation actions as also
climate proofing of the existing investments
in various sectors of economy including the
water sector. NABARD has conducted large
number of awareness programmes to high
light the climate change impacts. It has
conducted training programmes for the State
Government officials and other stake holders
on formulation of projects under Adaptation
Fund, Green Climate Fund and NAFCC projects
with an objective of creating skills in
formulation of projects.

Annexure 1
Categorization of Blocks/ Mandals/ Talukas in India (2013)
Sl. States / Union
No. Territories
States
1
Andhra Pradesh
2
Arunachal Pradesh
3
Assam
4
Bihar
5
Chhattisgarh
6
Delhi
7
Goa
8
Gujarat
9
Haryana
10 Himachal Pradesh
11 Jammu & Kashmir
12 Jharkhand
13 Karnataka
14 Kerala
15 Madhya Pradesh
16 Maharashtra
17 Manipur
18 Meghalaya
19 Mizoram
20 Nagaland
21 Odisha
22 Punjab
23 Rajasthan
24 Sikkim
25 Tamil Nadu
26 Telangana
27 Tripura
28 Uttar Pradesh
29 Uttarakhand
30 West Bengal
Total States
Union Territories
1
Andaman & Nicobar
2
Chandigarh
3
Dadra & Nagar
Haveli
4
Daman & Diu
5
Lakshdweep
6
Puducherry
Total Uts
Grand Total

Total No. of
Assessed Units

Safe
Nos.

%

Semi-critical
Nos.
%

Critical
Nos.

%

Over-exploited Over-exploited
Nos.
%
Nos.
%

670
11
27
534
146
27
12
223
119
8
22
260
176
152
313
353
9
11
22
11
314
138
248
1139
443
39
820
18
268
6533

497
11
27
520
125
5
12
175
30
6
22
244
98
131
228
324
9
11
22
11
308
26
44
429
311
39
603
16
191
4475

74
100
100
97
86
19
100
78
25
75
100
94
56
86
73
92
100
100
100
100
98
19
18
38
70
100
74
89
71
68

54
0
0
14
18
7
0
9
11
0
0
10
21
18
58
19
0
0
0
0
0
3
28
212
74
0
45
1
76
678

8
0
0
3
12
26
0
4
9
0
0
4
12
12
19
5
0
0
0
0
0
2
11
19
17
0
5
6
28
10

17
0
0
0
2
0
0
6
14
1
0
2
14
2
2
1
0
0
0
0
0
4
9
105
12
0
59
1
1
252

3
0
0
0
1
0
0
3
12
13
0
1
8
1
1
0
0
0
0
0
0
3
4
9
3
0
7
6
0
4

61
0
0
0
1
15
0
23
64
1
0
4
43
1
25
9
0
0
0
0
0
105
164
358
46
0
113
0
0
1033

9
0
0
0
1
56
0
10
54
13
0
2
24
1
8
3
0
0
0
0
0
76
66
31
10
0
14
0
0
16

41
0
0
0
0
0
0
10
0
0
0
0
0
0
0
0
0
0
0
0
6
0
3
35
0
0
0
0
0
95

6
0
0
0
0
0
0
4
0
0
0
0
0
0
0
0
0
0
0
0
2
0
1
3
0
0
0
0
0
1

34
1
1

34
1
1

100
100
100

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

2
9
4
51
6584

1
6
2
45
4520

50
67
50
88
69

0
3
0
3
681

0
33
0
6
10

1
0
0
1
253

50
0
0
2
4

0
0
1
1
1034

0
0
25
2
16

0
0
1
1
96

0
0
25
2
1

Note
Blocks - Bihar, Chattisgarh, Haryana, Jharkhand, Kerala, M.P., Manipur, Mizoam, Orissa, Punjab, Rajasthan, Tripura, UP, Uttarakhand, WB
Taluks - Karnataka, Goa, Gujarat, Maharashtra
Mandal - Andhra Pradesh, Telangana
Districts (Valley) - Arunachal Pradesh, Assam, Himachal Pradesh, Jammu & Kashmir, Meghalaya, Mizoram, Nagaland
Islands - Lakshdweep, Andaman & Nicobar Islands
Firka - Tamil Nadu
Region - Puducherry
UT - Chandigarh, Dadar & Nagar Haveli, Daman & Diu
Tehsil - NCT Delhi
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Annexure 2
State-wise Ground Water Resources Availability, Utilization and Stage of Development in India (2011-2012)
(In BCM/Yr)
States/UTs

Annual Replenishable Ground Water Resources
Monsoon Season

Total

Non-Monsoon Season

Recharge Recharge Recharge Recharge
from from other
from from other
Rainfall
Sources Rainfall resources *
Andaman& Nicobar Islands
Andhra Pradesh

0.25

-

0.07

-

0

Natural Net Annual Annual Ground Water Draft
Projected Ground water
Stage of
Discharge
GW Irrigation Domestic
demand availability
Ground
Total
during Availability
domestic and
for future
Water
and
Non-Monsoon
industrial (uses
irrigation Development
Industrial
Season
upto 2025)
(% age)
Uses
0

0

0

0

0

0

0

0

15.12

6.52

5.49

6.70

33.83

3.07

30.76

12.61

1.54

14.15

2.69

15.89

46.00

3.41

0.00

1.04

0.00

4.45

0.45

4.01

0.00

0.00

0.00

0.01

4.00

0.07

Assam

18.95

2.20

8.62

0.59

30.35

2.54

27.81

5.33

0.69

6.03

0.98

21.50

22.00

Bihar

18.92

3.92

3.40

2.38

28.63

2.42

26.21

9.79

1.56

11.36

2.56

13.85

43.00

Chandigarh

0.02

0.00

0.01

0.00

0.02

0.00

0.02

0.00

0.00

0.00

0.00

0.02

0.00

Chhattisgarh

9.85

0.56

0.91

0.90

12.22

0.64

11.58

3.08

0.52

3.60

0.64

7.85

31.00

Dadra and

0.04

0.00

0.01

0.01

0.06

0.00

0.06

0.00

0.01

0.01

0.01

0.05

15.00

Daman and Diu

0.01

0.00

0.00

0.00

0.01

0.00

0.01

0.01

0.00

0.01

0.00

0.00

99.00

Delhi

0.11

0.10

0.02

0.08

0.31

0.02

0.29

0.14

0.26

0.40

0.26

0.01

138.00

Arunachal Pradesh

Nagar Haveli

Goa

0.14

0.01

0.01

0.07

0.22

0.09

0.13

0.01

0.03

0.04

0.04

0.08

33.00

Gujarat

12.21

2.76

0.00

3.46

18.43

1.08

17.35

11.93

1.05

12.99

1.47

5.32

75.00

Haryana

3.53

2.69

1.01

3.25

10.48

0.68

9.80

11.71

0.72

12.43

0.79

2.70

127.00

Himachal Pradesh

0.40

0.02

0.12

0.04

0.59

0.06

0.53

0.23

0.08

0.31

0.08

0.22

58.00

Jammu and Kashmir

1.45

1.69

0.36

0.19

3.70

0.37

3.33

0.15

0.58

0.73

0.82

2.35

22.00

Jharkhand

4.46

0.14

1.11

0.26

5.96

0.55

5.41

1.17

0.44

1.61

0.62

3.62

30.00

Karnataka

6.30

4.28

2.73

3.51

16.81

2.00

14.81

9.01

1.00

10.01

1.26

6.18

68.00

Kerala

4.77

0.06

0.64

1.15

6.62

0.59

6.03

1.30

1.50

2.81

1.71

3.02

47.00

-

-

-

-

0.01

0.01

0.00

0.00

0.00

0.00

0.00

0.00

74.00

Madhya Pradesh

27.49

1.10

0.80

4.56

33.95

1.70

32.25

16.66

1.33

17.99

1.83

13.76

56.00

Maharashtra

22.04

2.67

1.90

9.12

35.73

1.93

33.81

15.91

1.04

16.95

2.00

16.32

50.00

Manipur

0.24

0.01

0.19

0.01

0.44

0.04

0.40

0.00

0.00

0.00

0.05

0.35

1.00

Meghalaya

1.02

0.00

0.22

0.00

1.23

0.12

1.11

0.00

0.00

0.00

0.10

1.01

0.15

Mizoram

0.03

-

0.02

-

0.04

0.00

0.04

0.00

0.00

0.00

0.00

0.04

1.00

Nagaland

0.28

-

0.14

-

0.42

0.04

0.38

-

0.01

0.01

0.01

0.36

2.14

Lakshadweep

Odisha

11.29

2.53

1.33

2.63

17.78

1.09

16.69

3.47

0.89

4.36

1.27

11.94

26.00

Puducherry

0.09

0.06

0.01

0.02

0.17

0.02

0.15

0.12

0.03

0.15

0.03

0.05

98.00

Punjab

5.86

10.57

1.34

4.78

22.56

2.21

20.35

33.97

0.69

34.66

0.95

14.57

170.00

Rajasthan

8.76

0.67

0.32

2.11

11.86

1.07

10.79

12.86

1.65

14.52

1.84

0.75

135.00

-

-

-

-

-

-

0.05

0.00

0.01

0.01

0.01

0.03

21.00

Tamil Nadu

7.54

11.05

2.16

2.18

22.94

2.29

20.65

14.71

1.85

16.56

1.97

4.70

80.00

Tripura

1.66

0.00

0.73

0.57

2.97

0.23

2.74

0.09

0.07

0.16

0.23

2.42

6.00

Uttar Pradesh

40.78

11.37

5.41

17.70

75.25

6.68

68.57

46.00

3.49

49.48

5.36

17.22

72.00

Uttarakhand

1.26

0.24

0.20

0.46

2.17

0.10

2.07

1.01

0.03

1.05

0.08

0.98

51.00

4.74

30.50

2.92

27.58

10.11

0.79

10.91

1.02

16.75

40.00

71.48 431.03

35.03

21.89 243.32

30.71

153.66

61.00

Sikkim

West Bengal
India

18.17

2.16

5.43

246.45

67.38

45.71

396.06 221.42

Note : * : Ground water recharge due to return flow from irrigation, seepage form canals, recharge from tanks and ponds and recharge from water conservation structures.
Source: Ministry of Statistics and Programme Implementation, Govt. of India.
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Annexure 3
State-wise Number of WUAs
(As on August, 2014)
States
Andhra Pradesh

Number of WUAs Formed
10884

Arunachal Pradesh

43

Assam

847

Bihar

80

Chhattisgarh

1324

Goa

84

Gujarat

8278

Haryana

8490

Himachal Pradesh

1173

Jammu and Kashmir

383

Jharkhand

0

Karnataka

2787

Kerala

4398

Madhya Pradesh

2062

Maharashtra

2959

Manipur

69

Meghalaya

159

Mizoram

390

Nagaland

24

Odisha

20794

Punjab

4845

Rajasthan

1994

Sikkim
Tamil Nadu

0
1910

Tripura

0

Uttar Pradesh

802

Uttarakhand

0

West Bengal

10000

India

84779

Source : Lok Sabha Unstarred Question No. 4101, dated on 13.08.2015.
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Annexure 4
Status of Solar Pumps for Irrigation Installed (as on 31.01.2016) by Various State Nodal Agencies
(` crore)
Sl. State
No.

No of pumps
sanctioned

As on 31 Jan 2016

1

Andhra Pradesh

6725

2800

2

Bihar

3516

216

3

Chhattisgarh

2740

577

4

Gujarat

2500

1487

5

Haryana

873

0

6

Jharkhand

1400

0

7

Karnataka

5225

1918

8

Kerala

1380

0

9

Madhya Pradesh

3000

1719

10

Maharashtra

7540

0

11

Odisha

2560

0

12

Punjab

1600

0

13

Rajasthan

9902

3400

14

Tamil Nadu

5150

2620

15

Telangana

4225

0

16

Uttar Pradesh

7100

2874

63436

17611

Total
Source: MNRE

36

| Sectoral Paper on Water Resources

Annexure 5
Solar Irrigation – A new cash crop for farmers

India is ranked 11th in solar power generation in the world. The country’s cumulative solar capacity stood at 12.28 GW on 31 March 2017.
GoI has taken a number of initiatives like various schemes under National Solar Mission, 10 year tax exemption, 30-40 per cent subsidy
to farmers for solar water pumps (SWPs) for irrigation, 70 per cent subsidy of the installation cost of a solar PV power plant in the north
eastern states, and a 30 per cent subsidy in other regions, in order to achieve India’s target of adding 100 GW of energy through solar
power, by the year 2022. There is an incentive model to prevent overuse of groundwater under solar powered irrigation. If farmers are
given the option of selling surplus power to the grid, then they could minimise water pumping and thus conserve water. After meeting
their irrigation requirements, the excess solar power could be evacuated to the grid to earn revenue by selling surplus power. This model
could act as an incentive to adopt solar energy in the country, by reducing groundwater exploitation and also augmenting farmers’ income
(Gulati et al., 2016).
The Dhundi Solar Pump Irrigator’s Cooperative Enterprise (SPICE) in Gujarat, which began operations in early 2016, is the first solar
irrigation cooperative in the world. The International Water Management Institute (IWMI) started this initiative as a pilot. The farmers
replaced diesel pump with solar pump set on their fields. Members of the cooperative have been using solar power to run their solar
pumps, and are also pooling the surplus energy to sell to Madhya Gujarat Vidyut Company Ld. (MGVCL) at R4.63 per unit under a 25-year
power purchase agreement (PPA). Further, IWMI-Tata Program and Climate Change, Agriculture and Food Security (CCAFS) programme will
offer R1.25 per unit as Green Energy Bonus and another R1.25 per unit as Groundwater Conservation Bonus. By April 2017, the cooperative
had earned more than R3,40,000 from energy sales (IWMI, 2017).
This model may be scaled up by cooperatives of 40-50 such solar pump owners in each village so as to pool their power and evacuate
power to the grid. Another solar power application in agriculture is planting solar panels in fields. Solar panels can be set up over the
entire farmer fields to harvest crops as well as power. It is like having a second crop of solar power at a height of 15-20 feet with the crops
below on the field. Studies across the globe have proved that shade of solar panels have no negative impact on crop growth, if arranged
in a particular configuration that allows sufficient sunlight and wind to pass through to the plants (Gulati et al., 2016).
The Dhundi SPICE’s six solar pumps, with an aggregate capacity of 56.4 kilowatt-peak (kWp), can potentially generate about 85,000 kWh
of energy annually (IWMI, 2017).
References:
Gulati, Ashok, Stuti Manchanda and Rakesh Kacker (2016). “Harvesting Solar Power in India!” Working Paper No. 329, ICRIER, New Delhi.
IWMI (2017). The Promise of Dhundi Pump Irrigators’ Cooperative, May, 2017.

2

Reference: NABARD Annual Report 2016-17
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Annexure 6
Coverage under Micro Irrigation Programme
State-wise Area Covered under Micro Irrigation Systems
Sl. State
No.

Area Covered (ha.)

1

Andhra Pradesh (incl. Telengana)

2

Arunachal Pradesh

613

3

Assam

439

4

Bihar

102050

5

Chhattisgarh

206193

6

Goa

7

Gujarat

829373

8

Haryana

673140

9

Himachal Pradesh

10

Jharkhand

16222

11

Karnataka

846947

12

Kerala

13

Madhya Pradesh

14

Maharashtra

15

Manipur

77

16

Mizoram

2152

17

Nagaland

5205

18

Odisha

100579

19

Punjab

42966

20

Rajasthan

21

Sikkim

22

Tamil Nadu (incl. Puducherry)

23

Tripura

24

Uttar Pradesh

36682

25

Uttarakhand

1012

26

West Bengal

51180

Total
Source: NCPAH (as on 31.03.2015)
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1144639

1864

975

29464
352117
1271125

1684549
8312
320445
492

7728812

Farm Sector Policy Department
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