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Dated the 13" June, 2013

MESSAGE

The scientific and technological inputs have been
major drivers of growth and development in agriculture and
allied sectors that have enabled us to achieve self reliant
food security with a reasonable degree of resilience even in
times of natural calamities, in recent years. In the present
times, agricultural development is faced with several
challenges relating to state of natural resources, climate
change, fragmentation and diversion of agricultural land to
non-agricultural uses, factor productivity, global trade and
IPR regime. Some of these developments are taking place at
much faster pace than ever before. In order to address these
changes impacting agriculture and to remain globally
competent, it is essential that our R&D institutions are able
to foresee the challenges and formulate prioritised research
programmes so that our agriculture is not constrained for
want of technological interventions.

It is a pleasure to see that Directorate of Water
Management(DWM), Bhubaneswar, a constituent institution
of the Indian Council of Agricultural Research (ICAR) has
prepared Vision-2050 document. The document embodies a
pragmatic assessment of the agricultural production and food
demand scenario by the year 2050. Taking due cognizance of
the rapidly evolving national and international agriculture, the
institute, has drawn up its Strategic Framework, clearly
identifying Goals and Approach.

IwishDWM all success inrealisation of the Vision-2050.
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FOREWORD

The Indian Council of Agricultural Research, since inception in the year
1929, is spearheading science and technology led development in agriculture in
the country. This is being accomplished through agricultural research, higher
education and frontline extension undertaken by a network of research institutes,
agricultural universities and Krishi Vigyan Kendras. Besides developing and
disseminating new technologies, ICAR has also been developing competent
human resources to address the present and future requirements of agriculture in
the country. Committed and dedicated efforts of ICAR have led to appreciable
enhancement in productivity and production of different crops and commodities,
which has enabled the country to raise food production at a faster rate than the
growth in demand. This has enabled the country to become self-sufficient in food
and emerge as a net food exporter. However, agriculture is now facing several
challenges that are expected to become even more diverse and stiffer. Natural
resources (both physical and biological) are deteriorating and getting depleted;
risks associated with climate change are rising, new forms of biotic and abiotic
stress are emerging, production is becoming more energy intensive, and biosafety
concerns are growing. Intellectual property rights and trade regulations
impacting technology acquisition and transfer, declining preference for farm
work, shrinking farm size and changes in dietary preferences are formidable
challenges.

These challenges call for a paradigm shift in our research approach to
harness the potential of modern science, innovations in technology generation
and delivery, and enabling policy and investment support. Some of the critical
areas as genomics, molecular breeding, diagnostics and vaccines,
nanotechnology, secondary agriculture, farm mechanization, energy efficiency,
agri-incubators and technology dissemination need to be given priority. Multi-
disciplinary and multi-institutional research will be of paramount importance,
given the fact that technology generation is increasingly getting knowledge and
capital intensive.

It is an opportune time that the formulation of ‘Vision-2050" by ICAR
institutions coincides with the launch of the national 12" Five Year Plan. In this
Plan period, the ICAR has proposed to take several new initiatives in research,
education and frontline extension. These include creation of consortia research
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platforms in key areas, wherein besides the ICAR institutions, other science and
development organizations would be participating; short term and focused
research project through scheme of extramural grants; Agri-Innovation fund;
Agri-incubation fund and Agri-tech Foresight Centres (ATFC) for research and
technology generation. The innovative programme of the Council, ‘Farmer FIRST’
(Farmer’s farm, Innovations, Resources, Science and Technology) will focus on
enriching knowledge and integrating technologies in the farmer’s conditions
through enhanced farmer-scientist interface. The ‘Student READY’ (Rural
Entrepreneurship and Awareness Development Yojana) and ‘ARYA’ (Attracting
and Retaining Youth in Agriculture) are aimed to make agricultural education
comprehensive for enhanced entrepreneurial skills of the agricultural graduates.

Iam happy to note that the Vision-2050 document of Directorate of Water
Management (DWM), Bhubaneswar has been prepared, based on the
assessment of present situation, trends in various factors and changes in
operating environment around agriculture to visualize the agricultural scenario
about 40years hence and chalk out a demand-driven research agenda for science-
led development of agriculture for food, nutrition, livelihood and environmental
security, with a human touch.

I am sure that the ‘Vision-2050’" would be valuable in guiding our efforts in
agricultural R&D to provide food and nutritional security to the billion plus
population of the country for all times to come.

-
et

s

Dated the 10" June, (S. Ayyappan)
2013 New Delhi
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PREFACE

Water has been and will remain a critical resource which is being affected by
increasing population, industrialization, urbanization, pollution, deforestation and
above all climate change. The Directorate of Water Management ({ormerlg Water
Technology Centre for Eastern Region) is addressing the issues of on-farm water
management through basic, applied and strategic research activities in the area of
rainwater, canal water, groundwater and waterlogged area scenario. The Institute
cleveloped various technological options in different a81/0~ecological regions of the
country with adequate institutional linkages, infrastructure support and capacity
building to handle on-farm water management issues. [ am pleased to present this
Vision-2090 document of the Institute which envisages challenges and
opportunities in the country for forthcoming four decades. The document is useful for
developing a research road map for enhancing water productivity in different agro-

ecological regions of the country.

The institute has also made earlier efforts in developing Vision-2020, Vision-2025
as well as Vision-2030 documents which were quite useful in preparing five~LJ earlg
research proposals. The present document Vision-2050 gives an insight on the
scenario of water, its challenges, operating environment and new opportunities. The
document also emphasizes on goal and target for developing water management

technologiestoensurefood and nutritional security of the country.

[take this opportunity to express my sincere thanks and gratitude to Dr.S. Ayyappan,
Hon'ble Director General, Indian Council of Agricultural Research and Secretarg,
Department of Agyicultural Researchand Education for hisinvaluable guidanceand
inspiration in documenting DWM Vision-2020. [ am grateful to Dr. AK. Sikka,
Hon'ble Deputy Director General (Natural Resources Management), forhis guidance

inwriting the document.
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[ am thankful to Dr. B.Mohan Kumar, ADG (Agronomg and A8r0~forestu]) for his

valuable suggestions in preparing the document. I take this opportunity to thank the

editorial board for their effort in preparing thisdocument.

[hope this document will be useful to prepare strategies for future water management

research toachieve higherand sustainable agricultural growth of the country.

\LLWN‘K/‘
30" June 2013 (ASHWANI KUMAR)
Bhubaneswar Director
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Context

The natural resource scenario is changing fast both in terms of availability as
well as quality. Looming climate change will alter the paradigm of natural resources
in which our production system operates. Water has been and will remain a critical
resource which is being affected by increasing population, industrialization,
urbanization, pollution, deforestation and above all climate change. Certainly the
business as usual will not suffice. Thus it is essential to visualize the future scenario and
prepare strategies for equipping ourselves with technologies which will provide
solution for maintaining our food and nutritional security in changing/ projected
scenarios. Thus, it was felt necessary to update the VISION 2030 to VISION 2050 for
getting a glimpse of the shifting scenarios and challenges which we are going to
encounter in next 40 years. This will give usanidea of institutional, technological and
financial path to be followed to achieve the national objectives without endangering

thesustainability of our production systems.

Directorate of Water Management (erstwhile Water Technology Centre for
Eastern Region), Bhubaneswar was established in 1988 with the mandate of dealing
with the problems of water management in the low yield high potential eastern
region. Later, its mandate was expanded to cover whole country through
coordination of two AICRPs on Water Management ((25 centres) and Ground Water
utilization (O centres). Theinstitute has organized its research efforts in program mode
through five research programs, rzz, Rain Water Management, Canal Water
Management, Ground Water Management, Waterlogged Area Management, and

OnFarmResearch and Transfer of Technologg with {ollowing mandates.
Mandateof DWM

e  Toundertake basic and applied research for developing strategies for efficient
management of on-farm water resources to enhance agricultural productivity

onsustainablebasis.

e To provide leadership and coordinate research to generate location specific

technologiesfor efficient use of water resources.

e Toactasacentrefortraining in research methodologies and technology update

intheareaof agricultural water management.
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To collaborate with the national and international agencies in achieving the

above objectives.

The institute has successtully coordinated the activities of AICRP on Water
Management and AICRP on Ground Water Utilisation. During the 12" Five
YearPlan, however it is proposed to merge both the AICRPs to form the AICRP

onlrrigation WaterManagement with the following mandate.

Assessment of surface water, groundwater and wastewater availability and
guality at regional level and to evolve management strategies using Decision
Support System (DSS) for matching water supply and demand in agricultural

production systems.

Design, development and refinement of surface and pressurized irrigation
systems including small holders’ systems for enhancing water use efficiency and

water productivity for different agro-ecosystems.

Management of rain water for judicious use and to develop and evaluate
groundwater recharge technologies for augmenting groundwater availability

under different hydro-geological conditions.

Basic studies on soil-water-plant-environment relationship under changing

scenarios of irrigation water management including wastewater irrigation.

To evolve management strategies for conjunctive use of surface water,

groundwater and wastewater resourcesfor sustainable crop production.

During the past 2D years of the institute's existence and 40 years of functioning

of the AICRPs on Water Management, the technologies developed have brought out

many changes in the agricultural production system of the country. Efficient use of

water in its different domains has played an important role in enhancing food

production beyond 250 M tonnes. The exponential growth of horticultural crop

production hasbeen possible only due to efficient and optimal water use technologies

which not only provided more production per drop of water but also ensured guality

and uniformity of produce. Some significant achievements of the past ten years are

given below:

Microlevel water resource development through tank cum well system.

Two-stage rainwater conservation and multiple use of conserved rainwater in

rainfed ricelands.
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Water budgeting in grow-out aquaculture of some commercially important fish

and prawn species.
Design and development of rubber damsfor watersheds.

Reclamation of uplancl acid soil ]og use of paper mill sluclge and techniques for

safe use of paper mill and distillery wastewater for growing agricultural crops.
Design of secondary reservoir for efficient storage and utilization of rainwater.
Integration of SLJ stem of Rice Intensification (SRI) method of rice with fish culture.
Planting techniquesfor different cash crops.

Design of raised and sunken bed system for medium and low lands to achieve crop

diversification and higher cropping intensity.

Development of regional 8rounc1watey recharge and flow simulation model using

soil-water balance approach & MODFLOW.

Development and demonstration of a model for conjunctive use planning of
irrigation through bore-wells, dug wells and ponds on farmers’ participatory

approachincanal command areas.

Database on groundwater utilization, availability and its development,

groundwater table depth, irrigation potential created and utilized for Odisha.

Standardization of design and evaluation of sub surface water harvesting

structures.

Standardization of design of surface drainage system for doab areasin deltaregion
with special reference to Kushbhadra-Bhargavi doab for enhancing drainage

intensity.
Standardization of package of practicesfor bio-drainage in waterlogged areas.

Package of practices for cultivation of water chestnut and medicinal plants for

productive utilization of both seasonally and perennially waterlogged areas.

Development of contingent crop planning for post flood scenario in waterlogged

areas.

Development of strategies for suitable use of brackish water shrimp farming

interfaced with paddy growing coastal area.
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Standardization and transfer of technologies on water use efficiency for D2 crops

acrossdifferentagroecological regionsin the country.

Development of linkages between irrigation, agriculture, living and poverty in

easternIndia.

Assessment of irrigation per{ormance of Water User Associations (WUA) under
Participatory Irrigation Management (PIM).

Imparted training on enhancing water productivity in agriculture to about 5647

farmers including 857 women in Odisha.
Water use efficient cropping systemsfor different 14 agro~ecological regions.

Assessment of water demand and supply at distributary /' minor,/ sub-minorlevels

indifferentreachesin14 majoy command areasof India.

Development of crop plans/ cropping system for existing supply system and canal

scheduling for proposed cropping systems.

Development, refinement and standardization of drip fertigation technology for

major cash crops and vegeta]oles fordifferent agro ecological regions.
Alternate use and efficient cropping system in water logged areas.

Conjunctive use of fresh water and poor quality water in canal commands.




Challenges

India supports 17 per cent of the human and 19 per cent of the livestock
population of the world with only 24 per cent of the land and 4 per cent of the water
resources. Out of the total annual precipitation of 4000 billion cubic meters (BCM),
the utilizable water resources of the country have been assessed as 1123 BCM, of
which 690BCM isfrom surface waterand 433 BCM from groundwatersources.It has
been projected that population and income growth will boost the water demand in
future to meet food production, domestic and industrial requirements. The projected
total water demand of 1447 BCM in 2050 will outstrip the present level of utilizable
water resources (1125 BCM) out of which 1074 BCM will be for agyiculture alone.
Since the total projected demand will be 524 BCM more than the present level of
utilizable water resources, the challenge will be to (1) procluce more from lesswater ]og
efficient use of utilizable water resources in irrigated areas, (ii) enhance productivity
of challenged ecosystems, i.e, rainfed and water logged areas,and (iii) utilizea part of

greywater for agricultuye procluction inasustainable manner.

Assured irrigation in conjunction with other technological and policy factors
has played a catalytic role in the growth of Indian agriculture over the years. Various
estimates point to a substantial contribution from irrigated agriculture to overall
agricultural production of the country. For example, the contribution from irrigated
agriculture to total agricultural production in India ranged from 53% (World Bank,
1991) to D8% (Planning Commission 1999) to 60% (Seckler and Sampath 1985)
Because of the yield augmenting impact, irrigation development has always been
the priority area of the national agricultural development strategy in the successive
five year plans with massive financial support. Consequently, the gross irrigated area
in the country has increased from 2250 million hectares in 19950-51 to 86.4 million
hectaresin 2009-10(CWC,2012).The positive impact of irrigation development was
realized in the form of increased food grains procluction ({yom 51 million tonnes to 252
million tonnes) and cropping intensity (from 111 per cent to 138 per cent) during the
same period. However, the irrigation sector in the country is suffering from several
pitfaﬂs. The utilization of alyeaclg created irrigation potential is onlg 4 per cent and
the gap between irrigation potential created (IPC) and its utilization (IPU) is
increasing over the years. For the country asa whole,about 88 per cent of the ultimate
irrigation potential (UIP) has already been developed through different major,
medium and minor irrigation schemes, which limits further large scale expansion of

irrigation infrastructure. Thus,improving the utilization of already created irrigation
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infrastructure by removing existing operational and maintenance inefficiencies will
contribute positively for the agricultural growth in the country. Most of the irrigation
projects are operating at an overall efficiency of only about 30 to 3D per cent against
the achievable efficiency of more than D0 per cent. Thus, there is enormous scope to
improve the productivity and efficiency of irrigation systems which can be achieved
both by technological as well as social interventions. It is estimated that with 10 per
cent increase in the present level of efficiency in irrigation projects, an additional 14
million hectare area can be irrigated from the existing irrigation capacities which
would involve a very modest investment compared to what is required for creating
equivalent potential through new schemes. The social and environmental costs
involved will be an additional factor to be reckoned with this respect. Further,
measures to alleviate the degradation of natural resources due to over-irrigation

havetobetakeninaneconomicand optimal manner.

Presently, groundwater is the largest source of irrigation contributing about 60
per cent of the net irrigated area of the country. Overall, only 58 per cent of the total
groundwater resources have been developed indicating scope for its further
development. However, there exists wide variability in its development across
different geographical regions of the country. The over-exploitation of groundwater
resources (11i811er withdrawal than recharge) in North-western states coexist with its
under-utilization in the water abundant Eastern region. The ‘tube well explosion’ in
many pockets of the country has raised sustainability issues on groundwater
resources. Most of the groundwater development has taken place through private
investment. Further, government policies of providing free/subsidized electricity
and pumps in many states are adding fuel to the water crisis. Reduced farm
profitability via increasing pumping cost, deceleration in productivity of irrigation
water and equity issues in groundwater distribution are also being considered as
major challenges in this context. Groundwater pollution is another emerging threat
to the sustainability of water resources. Therefore, an understanding of inter~
relationship of hydro-geological,agro~climatic, socioeconomic and policy factors for
sustainable development and equitable distribution of this precious natural

yesources neecls clue emphasis.

Presently about 390 Class I and Class Il urban centres having >50,000
population generate around 38,254 million litres per day (mld) of waste water out of

which only 11,787 mld 31 per cent) get treated. It has been projected that wastewater
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generation will cross 170,000 mld (62 BCM) by 2051 in addition to 30 BCM

wastewater generated per year from various industries (CSE 2010). Recycling and

reuse of this huge wastewater resource is a challenge for maintaining food security

and restore health of the natural resources vis-a~vis the environment.

The country has huge area under two challenged ecosystems, i.e, rainfed and
flood prone/ waterlogged areas which have low productivity. Presently about 78 M
ha area is under rainfed and it is estimated that even with exploiting all utilizable
water resources, approximatelg 55% of the 8ross cropped area will remain rainfed.
Presently rainfed production system accounts for 91 % production of coarse cereal,
49 % of rice, 01 % of pulses, 80% of oilseed and 6D % of cotton and the situation will
remain same in the next 40 years. Thus, to ensure food and nutritional security, it is
essential that the productivity of rainfed areas is increased significantly. However,
the approach cannot be uniform for whole rainfed areas. It is noteworthy that about
33% of rainfed area receives more than 1100 mm of rainfall and another 33%
receives rainfall between 790-1100 mm. This institute has developed technologies of
rain water management for providing reliable round-the-year irrigation in high
rainfall areas. With refinement, enriching and fine-tuning of these technologies
along with innovative new approaches for different agro-ecological regions, a
significant area can be brought under irrigation and thereby pushing productivity
from the present 1.0 t/ha to 4-D t/ha per annum by enhancing cropping intensity
from present 100% to 200%. This will contribute hugely to national food security.
Enhancing productivitg from this region will help in modi{qing the approach for
other two rainfed zones receiving D00-750 mm and less than 500 mm rainfall. It has
been found that in these two regions, farmers tend to go for water guzling
{ood/ commercial crops replacing traditional crops which have more resilience
against climatic variations. This has led to unsustainable cropping system leading to
resource degradation as well as high volatility in gielcls/ returns. This has adverse

conseguenceson procluctivitg andlivelihoods cluring periocls of crop failure.

The other challenged ecosystem is waterlogged areas which account for about
89MhainIndia. There are two types of waterlogged areas: one where the water table
has risen due to over irrigation up to within root zone (appyox 216 M ha) and another
where water congestion occurs due to high rainfall coupled with land topography
which hinders drainage. While the first situation can be remedied through efficient

irrigation and creating drainage network, the second situation requires a multi~
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pronged approach of having an optimal mix of engineering, crop selection, crop
management and aquaculture practices supported by market intervention,

processing and value addition.

Directorate of Water Management, Bhubaneswar proposes to take up these
challenges in a holistic manner in the next four decades to meet the food and
nutritional requirements of the nation through development of technologies
compatible to the socioeconomic conditions of different agro~ecological zones and
capable of providing an inclusive growth. Institute will focus on basic, strategic and
frontline research and generate locally suitable technologies for different agro-

ecological zones through its centres of AICRP:s.




Operating Environment

The operating environment for research on water use in agriculture will include
the competing demands from different sectors, waste water generation due to
urbanization and industrialization, changes in institutional mechanism of water
governance, mode of investment in water, and finally climate change which is
expected to affect both quantity and spatio-temporal variations. The opportunities
and constraints under which the research etforts will have to function due to these

factorsisdiscussed below:

Water ascommodity isfinite in volume which will not vary in its avail ability with
time. Howevey, its quality as well availability to different sectors is going to change in
coming years. The availability of water for agriculture in India is expected to decline
from 84% in 2010 to 74% ]31,] 2050 (Ta]ole l). Even within agriculture, the water
demand for different subsectors or farming systems will change significantly in the
coming years. The additional water demand in domestic, industrial and energy sectors
will need additional 222 BCM water ]og 2050 (Ta]ale 1). Under the scenario of
producing 350 million tonnes food &rain from shrinking water resources, this will put
tremendous pressure on the existing water sources. This challenge can be met either by
inter basin water transfer or by enhancing irrigation efficiency and water productivity
or both. However, pressure on inter basin transfer can be eased through improving crop
water productivity. It is estimated that 1% annual increase in water productivity
(quantitg per unit consumptive water use) would meet additional water demand for
grain productionand if itisfurtherimproved to1.3%, water demand forall crops can be
satisfied (Amerasinghe etal 2012). Since, presently the crop water productivity islow
and varies widely over different regions and land use pattern; there is scope for
improving crop water productivity of food grain and other crops. Once achieved, this

demand of waterfrom other sectorcan be met with present water resources.

Table 1. Sector wise projected water demand in India
(billion cubic meters)

Sector/Year 2000 2010 2025 2050
[rrigation 541 688 910 1072
Domestic 42 56 3 102
[ndustry 8 12 23 65
Eneygg 2 5 D 130
Others 41 52 7?2 80
Total 654 815 1093 1447

(Source: Central Water Commission, 2008 & 9010)
9
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The majorfactor deciding the water demand will be governed by changes in the
socioeconomic status of the population and the extent of urbanization and
industrialization. In recent years, there have been significant changes in the
consumption pattern and the share of non food grain items in food consumption is
increasing. Due to this, there is sharp increase in the demand of such items, i.e, milk,
eg8s, meat, vegetables and fruits. It is expected that this condition will continue and
the gaps will further widen in the next 40 years unless corrective measures are taken

toenhance production.

As indicated earlier, about 57D BCM of water will be required for uses other
than agriculture, i.e, domestic, industrial, power and others. Considerable proportion
of this requirement is non-consumptive and is discharged with varying level of
pollution. All these sectors through water use generate large amount of wastewater
containing varying levels of contaminants, making them unfit for most of the uses.In
the large peri~urban areas, these wastewaters are used either without treatment or
partial treatment for growing horticultural crops, with potential health hazard to
farmers as well as consumers. Similarly fodder grown (to meet demand of livestock,
another prominent activity in peri urban areas) with wastewater increases the
chances of entry of heavy metals and other undesirable substances into the food
chain. With water availability shrinking further, these instances are going to increase
both in number and magnitude. This component of operating environment has to be
investigated to create a data base on generation of wastewater and its quality
(segregating in four classes: marginallg ooz, poor, 11i81111] degraclecl, unusa]ole) to

develop technologies for their reuse along with identification of sectors where it can

be usecl.

Water governance in some part of the country has moved from totally
government controlled system to participatory mode, PPP mode and private sector.
While surface water sector governance is largely in public control (Ze 8ove1'nment),
ground water sector is almost in private sector. There has been a significant shrinkage
in public investment in water sector, which has declined from 23% t0 8-10% of plan
budget. It is expected that the government will further withdraw from this sector in
the coming years, while empowered regulatory authorities would be expected to

monitor the water resource system in next decades.

Drudgery in agricultural operations is a major cause of low preference of

agriculture among labourers. Although there have been a lot of research efforts to
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reduce drudgery of agricultural operations, very little has been done in water
application sector to enhance the convenience and comfort level in operations. Few
reports suggest that the cost of irrigation labour varies from 30 to 50% of total cost.
Increased aspiration of labour as well as competing opportunities of labour in other
sectors will further aggravate this problem. Thus there is an urgent need to intensify
research efforts toimprove technology of surface irrigation system which requiresless
labour and is more efficient. This can be achieved ]31] introducing some level of

automation including estimating irrigation requirement through field sensors.

Climate change scenario will influence all our estimates and projections. The
studies have suggested that rainfall in the tropical region will increase by 10-15%,
and the extreme rainfall events will be more frequent leading to increased runoff,
higher number of dry days and longer dry spells. Rising sea levels will increase
salinization of coastal aquifers, as well as waters of rivers in the delta zone. These
factors will affect our whole irrigation and drainage systems. Thus we will have to
evaluate whether our existing irrigation and drainage systems are robust enough to
cope up with expectecl changes in rainfall pattern. Further, what should be the
changes in design and construction codes of soil and water conservation structures,
irrigation and drainage systems so that they can withstand the unpredictability of

weather during their expected life period.

Rising cost of energy and competing demands from other sectors will make it
prudent to make agriculture more energy efficient. Irrigation is the second most
energy intensive input after tillage operations and therefore the cost and availability

of energy willbea 8uic1ing factorintutureresearch programmes.

The increased feed grain demand to 38 Mt in 2025 and 111 Mt in 2050 will

provide an opportunity of more productive utilization of our land resources in the
ecosystems challenged either by quality of water or by soil and land resources. This
will require identification of non~conventional feed resources which can be grown in
these challenged ecosystems. This approach has a potential of altering the landscape
of these ecosystems which will be more climate resilient as well as would

prevent/ reversedegradation of natural resources base.
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New Opportunities

The challenge in next four decades will be efficient as well as productive
utilization of available water both in terms of food per unit of water and energy
requirement, waste water utilization, sustainable and quality recharge of ground
water, reduction in water use of crops, and productive utilization of land and water
resources in challenged eco-systems. The effort to take on these challenges will be
substantiallyfacilitated by advancesin material science, bio~-technology,electronics
and geo-informatics which will alter the scenario. Few developments which will

provide new opportunities of reworking ourirrigation and drainage systemsare:

The sensor technology along with communication technology is being
upgraded continuously. A major constraint in automation and improving efficiency
in surface irrigation system is combining sensors with operation of irrigation system
for field conditions. A simpler and rugged sensor technology for estimating on-field
surface irrigation requirement and coupled with control system will be a

breakthrough inirrigation management.

A major prol)lem in pressurized irrigation system is clogging of drippeys, high
energy requirement and higher cost. Breakthrough in material science will provide
new materials which will be helpful in dealing with these problems. This issue will
have to be dealt in close collaboration with R &~ D of private sector. Development of
pressurized irrigation system for higher water requiring crops like rice, sugarcane etc

will be among other opportunitiesfor exploration.

Most of the traditional crops which survive in stressed,/ challenged ecosystem
are climate resilient. They are also nutritionally rich as well as contain
phytochemicals and therapeutic compounds. However, lack of affordable
technology to extract these nutrients/ phytochemicals / therapeutic compoundsisa
major hindrance for commercially viable and sustainable cultivation of these
traditional crops particularly in stressed,/ challenged ecosystem. If these
technologies are made available then more climate resilient, sustainable and water
efficient farming systems providing livelihood in challenged ecosystems can be
clevelopecl. In view of share of 8rounc1 water irrigatecl area ]3ei118 close to 60% and
further increasing, improvement in efficiency of water lifting devices/ equipment is
needed to reduce cost of cultivation and conserve energy. The advances made by

automobile industry to design efficient engines can be used as a base for improving

12
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the efficiency of pumps. At present, virtual water trade is from water scarce north
western and southern region to water rich eastern India. This scenario is stressing the
already stressed regions and therefore suitable policy measures should be taken to
contain it. Since most of the food grain transter takes place to meet the demand of
Public Distribution System in deficit districts, a concept of creating Special
Agricultural Production Zone in deficit districts will go a long way in correcting

imbalance invirtual watertrade.

Reuse of waste water to bridge the gap between availability and demand will
become a more viable option in coming decades. Biotechnologg and material science
research are underway to develop new organisms, materials which can convert the
waste water to usable one. These clevelopment/ innovations would create a sea

change in attitude/ technological options of using waste water of various qualities

for {oocl/ {oclcler/ timber procluction.

A viable option for enhancing the use of existing utilizable water resource will
be recharge of ground water from runoff water, ie, storing runoff water in
underground aquifers. However, for maintaining aqui{er’s health, it is essential that
the quality of recharge water is maintained as per acceptable standards. Thiswill be
amajor challenge in the planning and designing of ground water recharge structures.
Advancement in material science has potential for developing filters which can take
care of this problem, and this will alter the paradigm of ground water recharge

resear Cl’l.

One of the major areas is development of water use efficient cultivars of
different crops through biotechnological approach. Both breeders and scientists from
NRM division need to work together rather than developing variety first and then
looking for its water management practices later, so that compatible design and

operation of irrigation systems are developed simultaneously.

With an objective of enhancing productivity of water, applying the concept of
deficit irrigation, can achieve greater economic gains under a water deficit scenario
than maximizing yields per unit of water for a given crop. With increasing sectoral
demands of water from industry, energy, urban development sectors, water scarcity in
agriculture is increasinglg felt. Aerobic rice is an emerging agronomical procluction
system that uses less water than conventional flooded rice. Efforts would be made for

standardizing water management practices for aerobic rice cultivation in irrigation
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commands providing space for other crops in terms of water availability. Timely DSR
crop establishment during mid May to mid-June (or 15-20 days before
commencement of monsoon) is a crucial determinant of success in crop and irrigation
water management and needs standardization for successtul implementation of the
technology. Similarly use of modern tools like GIS, remote sensing and modeling tools

will alsobe intensified for upscaling of the technologies at higher level.

The consumption pattern of Indian population is changing with animal products
contributing in a major way. Thus the pressure on farm lands to grow more feed and
fodder will increase further. The opportunity emerging out of this will be to utilize
stressed/ challenged ecosystem to fulfill the rising demand through water efficient
Crops, shrubs and trees. Technological innovations will be requirecl to use non

conventional feed sources.
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Goalsand Targets

The 80611 of DWM will be to clevelop a range of location/ region speci{ic
water management technologies to ensure food and nutritional security of country
with reduced availability of water. To achieve the target, the DWM will aim for

{ollowing,

e FEfficient suy{ace/pyessurizecl irrigation methods to improve irrigation

ef{iciencg.

L] E.nhancing water productivity of rainfed ecosystems through rain water
management, alternate land use sgstem/ farming and multiple use of rain

water.

L Strategies for mitigation of drought, flood and other natural calamities in the

changing climate scenario.

® FEvaluation of new materials and products to improve the performance and

reduce energy consumption of pressuyizecl irrigationsystem.

®  Awater-land-soil resource index map todemarcate critical target areas,which
warrant immediate attention for NRM to ensure continuation of food and

nutritional security along with decent livelihood from agriculture.
e  DSSsforefficient water management.

®  Acomprehensive technology package for utilization of waste water of different
gualities including basin wise spatial and temporal mapping of availal)ilitg of

waste water of different qualities.

®  Water management practices for different crops to achieve more output per

unitof waterin areassubjected to excess and deficit water stress.

L Developments ofa dg namicinstitutional mechanism for water governance with

inbuilt flexibility toadopt changing socio~economicscenario.

® Improving the water productivity of challenged ecosystems including

waterlogged and rainfed areas.

®  Smallholdercentricwater management practices
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Way Forward

To achieve the 8oals/ targets in a changing scenario and given the emerging
opportunities created by frontier research in other related fields, DWM will chart a
new course. [ his new path will involve much closer collaborations with other divisions
of ICAR with special reference to horticulture, animal sciences and fisheries, in
addition toother institutes of NRM, material science research organizations and other
related research institutes. It will also undertake a gradual reorientation of the
present institute research programmes as well as AICRPs toenable them tobe in tune

with the goalsand targetsenvisaged.

The major strength of any research effort is its manpower whose skills should be
upgraded in a continuous manner. The capacity ]:)uilcling and skill upgradation
programme of scientific and technical manpower both at Directorate as well as
AICRPs will be upscaled to make them ready to take up new challenges. The road
map for the next four decades will lay special emphasis on exploring the potential of
challenged ecosystems in terms of enhanced productivity as well as new livelihood
opportunities without degrading the natural resource base. A systematic
comprehensive HRD plan for both Directorate as well as AICRP will be formulated to
get exposed (training) in the emerging field/. cutting edge technologies from world

classinstitutions.

At international level, collaboration will be established with Wageningen
Universitq ,The Netherlands, CEBAS-CSIS, Murcia, Spain forwaste water utilisation.
Collaborative Project of ICAR with University of Nebraska, Lincoln, USA will be
developed for Global Yield Gap Analysis and Water Productivity Atlas. ICAR-
[CRISAT collaborative effort will be strengthened for Tracking Changes in Rural
Poverty in Household and Village level Economics. Collaborative projects will also

be explorecl with organizations like IWMI, Sri Lanka, IRRI, H_.RI, USDA for increasing

irrigation efficiency as well as utilization of special materialsinirrigated agriculture.

Further, as the number of stakeholders is very large and scattered, a technology
demonstration and refinement programme will be launched in collaboration with
more than 600 KVKs as well as NGOs and industries so that the ultimate client i.e.
farmer get involved in this journey of technology development and its dissemination.

The Directorate will strive to get a feedback from the end users towards its
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technologies so that the updating can become a dynamic process with technologies

having compatibility with changing socio-economic conditions of farmers.

Success of transter of water management technology depend on a whole set of
institutional arrangements and the willingness of state development departments as
stakeholders to comply and enforce and/or change the rules under evolving
circumstances. Effective water governance and policies hold a key for the successtul
implementation of technological interventions,/innovations and its adoption by the
farmers. As use of productivity enhancing inputs in agriculture is often influenced by
the available irrigation water regime, the other extension services need to be
complemented for implementing efficient crop planning, synchronization of farm
operations, linking farmers to other sources of knowledge, support and services and
establishing effective forward and backward linkages. Similarly Common Property
Resources (CPR) and eco-system service provided by the water resources are
essential component of the sustainable water resources management. Thereisastrong
need to strengthen the linkages among the CPR, eco-system services, markets and
policies through systematic studies. Further networking of development
departments, KVKs, and NGOs with the institute for sharing of information and
expertise in a better manney, DWM will strive hard to establish effective functional

linkage mechanism toachieve this goal.
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