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Indian Water Resources Society, Roorkee, and Department of Water Resources Development and
Management of Indian Institute of Technology (IIT) Roorkee organized jointly a two-day National
Workshop on “Challenges in Irrigation Management for Food Security” during November26-27, 2016, at
O.P. Jain Auditorium of IIT Roorkee. It was attended by about 250 professionals related to water sector,
specifically to irrigation and agriculture. The broad themes of this workshop were:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Irrigation demand management
Micro Irrigation
Crop water use efficiency
Need and Importance of Solar Energy for Sustainable Irrigation/Farm Management
Participatory Irrigation Management
Reservoir command area development and optimization of cropping pattern
Conjunctive use of surface and ground water
Land consolidation and land reforms.
Rehabilitation and modernization of irrigation system
On Farm Development
Climate change and its impact on Irrigation Management

INAUGURAL FUNCTION
The Workshop was inaugurated by Hon'ble Minister of Social Justice and Empowerment Shri Thawar
Chand Gehlot. Shri Naresh Pokhariyal Nishank, Ex-Chief Minister, Uttarakhand; Shri M. Gopalakrishnan,
Past- President IWRS; Prof. U.P. Singh, Officiating Director, IIT Roorkee; Er. R.D. Singh, Director, NIH;
and Prof. S.K. Mishra, Executive Vice President, IWRS and Professor and Head, Department of WRD&M;
Dr. Ashish Pandey, Secretary, IWRS were also present. The Chief Guest emphasised the importance of
irrigation management for food security. Shri Nishank also signified the importance of water management
and role of IIT Roorkee in development of Uttarakhand.
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TECHNICAL SESSIONS
In total, six technical sessions were organized and a number of participants deliberated on the issue of
irrigation water management for food security and suggested remedial measures.
Technical Session-I was chaired by Er. M. Gopalakrishnan, Past President IWRS and Ex-Secretary
General, ICID. Dr. A.K. Tiwari, Principal Scientist, IISWC, Dehradunand Er. Prabhash K. Mishra, Scientist
C, NIH Roorkee were co-chairman and Rapporteur, respectively.
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The session began with key note speech of Dr. S.K. Ambast Director, Indian Institute of Water Management,
Bhubaneswar, on “Systems for enhancing water productivity: an overview”. Major highlights of the
presentation are:
·

18% of the irrigated cultivable land contributes 40% of the total food grain production in India.
The gap between irrigation potential created and utilization is significant.

·

Per capita water availability is decreasing with increasing population.

·

Unscientific water management in irrigated command area results in water logging, soil salinity, and
other problems which have resulted in land degradation and loss in productivity.

·

Lack of systematic and scientific information/ data on water productivity is still a problem to
overcome.

·

While planning irrigation management (off-farm to on-farm), importance of scale i.e. from farm
level to basin level is quite necessary.

·

The suggested remedial measure are:
o

Development of Decision Support System (DSS) for scientific decision.

o

Precise land levelling (lase technique) to level the farm land.

o

Proper irrigation scheduling for irrigation during deficit period or core stages of crop.

o

Crop diversification to floriculture, horticulture) and no ponded crop especially in Hilly
regions like Uttarakhand should be encouraged.

Dr. D. S. Bundela, Principal Scientist, Central Soil Salinity Research Institute, Karnal, delivered a key note
speech on “3D-Salinity assessment and mapping in irrigation projects for effective salinity management for
enhancing crop yield”. Major highlights of the presentation are:
·

Removing water (drainage) is important to providing water (irrigation) to increase crop productivity
and land value.

·

Saline soil management (total = 2.95 Mha) requires scientific crop management and planning to
increase crop productivity through innovative methods.
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·

The suggested remedial measures are:
o

Conjunctive use of water (optimal utilization of surface water and ground water).

o

Training and capacity building of farmers.

o

Need to increase Water Use Efficiency (WUE) to increase Water Productivity. A trade off
between Water Productivity and Water Saving should be sustainable, i.e. meeting the present
requirements without damaging the future).

Prof. M. L. Kansal, Department of WRD&M , IIT Roorkee delivered a key note speech on “Issues and
challenges in water productivity for sustainable agriculture growth”. Major highlights of the presentation
are:
·

More grains to be produced with less water in future. The percentage share of water in agriculture
sector (irrigation) will reduce in future due to increasing demand from other sectors (domestic;
industrial).

·

Realistic approach required to safeguard the future of smallholder farmers in developing countries.

·

Meeting future food demand will not only require shifts in behavior as well as shifts towards more
sophisticated technologies, information and knowledge management systems for farming systems
and whole value chains, but also policy making, and market and incentive systems for investment in
ecosystem services.

·

Political, economic and social barriers need to be removed systemically for employment of
innovative technology.

Er. R. Chalisgaonkar, Engineer-In-Chief, UKID delivered a key note speech on Status of water resources in
Uttarakhand – issues and challenges”. Major highlights of the presentation are:
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·

The population of Uttarakhand primarily thrives on agriculture; about 70% of the population is
engaged in agriculture. Out of total reported area, only 14.02% is under cultivation. More than
55.0% of the cultivated land in the State is rainfed.

·

Cropping intensity is 160.6% and land holdings are small and scattered. The average land holding is
around 0.68 ha (further divided into many patches) in hills and 1.77 ha in plains.

·

Mass awareness is being resorted to information technology, education and communication to
promote optimization from amongst different strategies.

·

Unplanned development together with rapid urban growth and the inflow of tourists and pilgrims
have critically impacted the urban environment of Uttarakhand.

·

Several hill towns are located at higher altitudes whereas the natural water sources flow at a much
lower altitude. Sometimes, the difference in altitude is so great that multistage pumping is required
to lift water from the source to the towns for municipal water needs.

Technical Session-II was chaired by Dr. S.K. Ambast, Director, Indian Institute of Water
Management, Bhubaneswar. Dr. D.S. Bundela, Principal Scientist, CSSRI, Karnal, and Dr. Pushpendra
Kumar Singh, Scientist C, NIH Roorkee, were co-chairman and Rapporteur, respectively.

The session began with key note speech of Prof. Nayan Sharma, Professor, Department of Water Resources
Development and Management, IIT Roorkee, on “Canal automation in Irrigation Systems”. Major
highlights of the presentation are:
·

Started in pre-1950's to utilize each drop of water, the canal automation may prove to be an efficient
irrigation system. The prevailing supply oriented system in India result in wastage of water. In the
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Provence de canal in France, water is distributed on the basis of CWR. It is a fully microprocessor
based system.
·

The Narmada main canal system (capacity = 1134m3/s) supplies water to the farmers' group rather
than the individuals using Control Valve Concept (CVC).

Er. S.K. Shukla, Adjunct Professor and Ex-Director (Technical), THDCIL delivered a key note speech
on “Reservoir Command Area Management”. Major highlights of the presentation are:
·

6500km length of Ganga canal system is associated with Tehri Dam system, leading to a shift in
cropping pattern.

·

There is a need of change of mind-set from more water implying more yield.

·

Besides creating higher irrigation potential, optimal utilization of created potential is equally
important.

Shri Ravindra Kumar, Adviser, WWF-India delivered a key note speech on “Assessment of the Potential of
Enhanced Crop Water Productivity through Farmer Water School and Farmers Survey in the Upper Ganga
River Basin Aspiring Healthier Rivers for Safer Water and as More Productive Agro-eco systems”. Major
highlights of the presentation are:
·

As Ganga canal system has 27.7% efficiency, use of ground water and adaptation of modern
irrigation systems need encouragement.

·

Young people are moving out of agriculture from tail and mid-reaches.

Dr. Awadesh Pratap, Meerut University delivered a key note speech on “Irrigation and Sanitation Laws”. As
a major highlight, the understanding of irrigation laws and administration is important for better irrigation
water management for food security.
Er. M. Gopalakrishnan, Past President, IWRS, delivered a key note speech on “Water for Food”. Major
highlights of the presentation are:
·

Irrigation water management is important for food security. Both off farm and on farm technologies
can be employed to increase efficiency and to advance irrigation systems.

·

Farmers' education, advisories, affordable technologies etc. for informed communication may
prove beneficial for optimized irrigation.

·

There is a need for development of Decision Support System (DSS) for scientific decision making.

Technical Session-III was chaired by Dr. A.K. Sikka, Ex-DDG, ICAR, New Delhi and Country
Representative, IWMI, India. Dr. M. K. Jain, Associate Professor, DoH, IIT Roorkee and Er. Mohan Lal,
Assistant Professor, GBPUAT were co-chairman and Rapporteur, respectively.
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The session began with the key note speech of Shri Somnath Jadhav, Jain Irrigation Systems Ltd., on
“Strategies to improve Water Use Efficiency in Irrigation Sector”. Major highlights of the presentation are:
·

Demand based irrigation system replaces the system of open channels by pipelines to save
conveyance losses and use of drip irrigation can get up to 90% water use efficiency.

·

The total cost of such a system is about Rs. 180000 per acre. 50% of its cost is for bringing water from
source to field and remaining 50% is for installation of drip line (main, sub main) etc.

·

In a pilot project, about 60-70 tonne of sugarcane per acre is being produced.

Shri R.D. Singh, Director, NIH, Roorkee delivered a key note speech on “Irrigation water use efficiency”.
Major highlights of the presentation are as follows:
·

In India, 80% of the total available water is required for irrigation whereas remaining 20% used for
other purposes. The treated wastewater can be reused for irrigation.

·

Water use efficiency (WUE) can be increased up to 65% by converting unlined open channels into
lined ones. On farm irrigation scheduling based on soil moisture monitoring and tank management
can increase WUE. The concept of virtual water trade may be beneficial.

·

In a canal system, pumping of water back into canal from waterlogged areas in head reaches can
supplement water for irrigation in tail reaches.

Dr. A.K. Tiwari, Principal Scientist, IISWC, Dehradun delivered a key note speech on “Participatory
Gravity-fed Water Conveyance System for Irrigation in Himalayan Foot Hills”. Major highlights of the
presentation are:
·

Ground water scarcity in India will increase faster with time than surface water, modernization of
irrigation structure will improve productivity, and farmers and field engineer should work closely
for bridging the gap between potential created (i.e. engineer) and potential utilizers (i.e. farmers).

·

Participatory irrigation management, use of solar energy, and reuse of municipal waste water can
further improve water productivity.

Dr. A.K. Sikka, Ex-Director General, CGIAR, New Delhi, delivered a key note speech on “Managing
Irrigation in India: Challenges, Opportunities and New Paradigms”. Major highlights of the presentation
are:
·

Himalayan region has a great potential to enhance significantly economic productivity under
participatory irrigation management system.
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·

SIRMOD surface irrigation model can be useful for optimizing the border and check basin irrigation
methods.

Prof.(Dr.) Arnab Sarma, Head, Department of Civil Engineering, Royal School of Engineering &
Technology, Guwahati, delivered a key note speech on “A Low Cost Drip Irrigation System for Adoption in
Jhum Cultivation Areas in Nagaland For Food Security”. Major highlights of the presentation are:
·

In Nagaland, about 76% area is under Jhum Cultivation, and integrated zero-tillage system is most
suitable for meeting the water demand.

·

Now a days, farming is shifting towards sequential conversion from Jhum crop to horticultural crop
and integrated farming.

·

The low cost bamboo drip system is successfully used in North Eastern Region. It can prove to be an
alternative to dams in hilly regions.

Technical –IV: 'Need and Opportunities of Introduction of a B.Tech Degree Program in WRDM'
The session was chaired by Er. M. Gopalakrishnan, Past President IWRS. Shri S.K. Shukla, Adjunct
Professor, IIT Roorkee, and Dr. Thanga Raj Chelliah, IIT Roorkee were co-chairman and rapporteur,
respectively.

Session Chair/Co-Chair initiated the discussion by briefing the role of WRD&M in water sector in the past
and the importance of the proposed course for having a more comprehensively trained man power for
sustainable development of the country's water resources. The course at UG level shall resolve existing
water management issues between countries/states/regions. Decision makers will have sufficient
educational background on water resources to resolve the issues quickly, peacefully and technically more
efficiently. The course must deal with science, art and engineering on water resources.
Professor M.L. Kansal presented the architecture of course contents; the course structure was fairly detailed
encouraging thought provoking discussions during the session.
The discussions of the session are in brief as below.
ü Professor Mahendra Singh from Civil Engineering Department of IIT Roorkee said that the

proposed course structure has more than 90% similarity in programme Core Courses with reference
to B. Tech. Engineering Courses taught in Civil Engineering Department. The courses with codes
MIN-201, BWT 005, BWT 007 -015 were said to have already been running in Civil Engineering
Dept. (CED)
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ü Professor Kansal agreed that the proposed structure had similarity in few subjects but syllabi of such

subjects be different from those taught in CED. Again Prof. Singh pointed out the programme
elective courses PEC 122-130 are similar to the courses running in CED as electives.
ü Professor Kansal replied that the similarity among the programme structures shall be discussed in

Senate meeting which is the approving authority. In addition, he argued that the discussion was
mainly focussed on the need of such a course in India at IIT level and not on the programme structure
as it could be modified any time.
ü Shri. Mayank Jain of THDC India Ltd. discussed the importance of the availability of graduate water

resource engineers in respect of flood control and power generation. He strongly supported the
proposal presented by Prof. Kansal.
ü Professor K. N. Tiwari of IIT Kharagpur supported the proposal by quoting similar programs

running in his Institute, such as 5-year integrated M. Tech. on Water Resources (B.Tech. Civil
Engineering + M.Tech. WR) and 5-year integrated M. Tech. on Land and Water Resources. In
addition, he suggested that the structure be prepared with equal weightage to Agriculture, Civil,
Electrical and Mechanical Engineering.
ü Professor Devdutta Das, former Professor of WRDM Dept. requested the audience to support the

proposal by quoting the importance of water resources development and management.
ü Dr. R.D. Singh, NIH Roorkee informed that the Ministry of Water Resources, River Development

and Ganga Rejuvenation (MWRRDGR) intends to have more experts on integrated water
management and governance. Hon. Minister of WRRD&GR has asked the authorities in one of
their official meetings to request MHRD for exploring the possibilities of starting an
interdisciplinary course on water resources; it should cover inter-alia Engineering, social sciences
and law.
ü Dr. Ambrish Kumar, Scientist G of IISWC, Dehradun, shared a general thought that a person with

background of B. Tech. in water resources shall mind water at first priority.
ü Professor N. K. Goel from Hydrology Dept. appreciated the efforts taken by Professor Kansal.

However, he insisted that the proposal should be restructured with the help of other Depts. namely
Hydrology, AHEC, Civil and Earth Sciences.
ü A delegate suggested that the programme should have a course on control systems applied to

Agriculture Engineering.
ü Professor Ajay Gairola from Civil Engineering Department said that the Department namely

WRDM, Earthquake and Hydrology are considered as Depts. working on mission mode. He
welcomed the idea but felt that the proposal be considered only for dual degree program.
ü Dr. Awdhesh Pratap, a lawyer and a member of IWRS, appreciated the efforts taken by the Dept. He

felt that the proposed programme is suitable only at IIT level.
ü Professor Perumal from Hydrology Dept. felt that the programme shall be initiated as dual degree to

know the employability. He also suggested that at least one course should be included in the area of
water law. In addition, he remembered a past incidence on course proposal. IIT Roorkee started a B.
Tech program in Environmental Engineering in the year of 1970 and closed the same in 1976.
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ü Professor Gopal Chauhan, former Professor of WRDM Dept. strongly supported the proposal by

addressing a note on similarity of courses which was posed as a fact that oppose initiation of such
new proposals. He cited an example of course titled “Finite Element Method” which is usually taught
by many Depts. in an Institute with focus on different angles as appropriate. He stressed that the
syllabi shall differ from department to department.
ü After a comprehensive discussion, the chair concluded the session by stating that there is a broader

consensus from the proceedings that the course is the need of the day and that the IIT Roorkee is the
best place to start such a UG course. He added that IWRS can help WRDM Dept. in achievement of
success in as much as the Secretariat is housed in IIT Roorkee (in WRDM Department)..
Technical Session-V was chaired by Dr. N.K. Tyagi, Former Member ASRB, New Delhi. Dr. R.P. Pandey,
Scientist F, NIH Roorkee and Shri Om Kar Singh, Scientist F, NIH Roorkee were co-chairman and
Rapporteur, respectively.

The session began with the key note speech of Dr. N.K. Tyagi, Former Member ASRB, New Delhi, on
“Water and food security issue”. Major highlights of the presentation are:
·

The demand for more food will continue to increase not only because of population growth
but as a result of increased incomes and changing consumption patterns that are geared
towards consumption of meat and other animal products.

·

More frequent and severe droughts and floods is impacting the extent and productivity of
both irrigated and rainfed agriculture.

Prof. K.N. Tiwari, Professor, Agricultural and Food Engineering Department, IIT Kharagpur, delivered a
key note speech on “Water and Fertilizer Management using Micro Irrigation”. Major highlights of the
presentation are:
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·

Micro-irrigation can help meet in bridging the gap between water demand and available
supply.

·

Fertigation (especially in Micro irrigation systems) increases efficient use of water and
fertilizers, produces higher yields, improves quality of production, and protects
environment.

·

To ensure uniform distribution of water and fertilizers, the irrigation system must be
properly designed and operated.

·

The choice of suitable fertilizers is also very important and must be based on several factors
like nutrient form, purity, solubility and cost.

Professor Arun Kumar of AHEC, IIT Roorkee, delivered a key note speech on “Solar Energy in Irrigation”.
Major highlights of the presentation are as follows:
·

Solar energy might be one of the easiest ways for farmers to produce energy. Indeed, farmers
usually have several large buildings whose roofs are directly under the sun, without being
hindered by the shadows of the trees, and turning them into an ideal place to set a
photovoltaic system is feasible for on farm energy needs.

·

The use of solar energy in agriculture is becoming increasingly popular; the energy
produced from this renewable source can be used either on the farm or fed to the local power
grid, providing the farmer with an additional income.

·

Irrigation can be a major beneficiary of solar energy, especially in arid regions, for the reason
that demand and supply patterns match each other.

Prof. Deepak Khare, Professor, Department of WRD&M, IIT Roorkee delivered a key note speech on
“Conjunctive Use Planning in a canal command”. Major highlights of the presentation are:
·

Judicious conjunctive use in a unified way is important for optimal use of water resource and
minimal adverse effects, such that it can reduce abstraction from rivers and the problems of
water logging, and therefore, it is necessary for sustainable water management.

Technical Session-VI was chaired by Dr. K.N. Tiwari, Professor, AgFE Department, IIT Kharagpur.
Dr. Arnab Sharma, Head, Royal School of Engg. & Tech.,Guwahati and Dr. Sumit Sen, Assistant Professor,
DoH, Roorkee were co-chairman and Rapporteur, respectively.

The session began with the key note speech of Dr. Manohar Arora, Scientist, D, NIH Roorkee, on “Climate
Change and Challenges of Water and Food Security”. Major highlights of the presentation are:
· Improving on-farm water management, i.e. producing more with less water which is key to food

security.
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· The world population is predicted to grow from 6.9 billion in 2010 to 8.3 billion in 2030 and to 9.1

billion in 2050. By 2030 and 2050, food demands are predicted to increase by 50% and 70%,
respectively.
· The main challenge facing the agricultural sector is not to grow 70% more food in 40 years, but make

70% more food available on the plate.
· Roughly 30% of the food produced worldwide (about 1.3 billion tons) is lost or wasted every year,

implying direct loss of water used to produce it. Agricultural products move along a chain and pass
through many hands while traveling from field to fork- farmers, transporters, store keepers, food
processors, shopkeepers and consumers.
· The present management of irrigation water has caused wide-scale changes in ecosystems and

undermined the provision of a wide range of ecosystem services. The external cost of the damage to
people and ecosystems, and clean-up processes, from the agricultural sector is significant, for
instance, in USA, the estimated cost is US$9–20 billion per year.
Key note paper on “Irrigation management by loss reduction, recycling and water transfer” was prepared by
Prof. S.K. Mazumder and Shri L.V. Kumar. Prof. M.L. Kansal of WRD&M, IIT Roorkee, delivered this key
note speech. Major highlights of the presentation are:
·

India has 4% of world's fresh water resources to feed its 17% world population. Uncontrolled rise of
population, i.e. increasing demand of water from other sectors, has led to sharp changes in demand
pattern.

·

Overall efficiency of major and medium irrigation projects is 35% (INCID, 1998) compared to 55%
in China and 70% on Japan.

·

Water transfer from surplus to scarce basins is necessary for sustainable development of water
resources and combat recurring droughts in many parts of the country.

Dr. P.K. Singh, Professor, GBPUAT, Pantnagar delivered a key note speech on “Micro Irrigation for precise
water management”. Major highlights of the presentation are:
·

A scientific method of irrigation carrying desired water and nutrients direct to the root zone of the
plant drop by drop, such as micro irrigation, is the need of future for greater agricultural production,
generating higher farm income and on-farm and off-farm employment.

·

Being environmentally sensitive, micro irrigation is capable of preserving the social fabric of rural
communities, help produce more from the available land, water and labour resources with ecological
and social harmony.

Professor Dev Dutta Das, Ex-Emeritus Fellow, IIT Roorkee, delivered a key note speech on “Development
and Environment”. Major highlights of the presentation are:
·
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Development and environment are two opposite sides of the same coin. Developing countries
like India can become greener and lessen their environment footprint while continuing to grow
and delivering goods and services for vital economic development. A two-pronged approach may
be beneficial.

·

River pollution is increasing due to waste dumping in rivers and huge eutrophication.

·

India and China with over 35% of the world's population are on a high-growth trajectory, but with
hidden environmental cost.

Professor B.D. Joshi of Gurukul Kangiri University delivered a key note speech on “Ecology and Water
Environment”. Major highlights of the presentation are:
·

Quantity, timing, and quality of river flows and their storage are important for sustenance of
freshwater, estuarine ecosystems, and human livelihoods and well-being.

·

The multidisciplinary expertise is required for the development of integrated models for ecosystem
and water quality management.

VALEDICTORY FUNCTION
The valedictory function was organized at 16:00 hrs on 27 November, 2016. Hon'ble Minister of State for
Railways, Shri Rajen Gohain graced the function as Chief Guest. Prof. Pramod Agrawal, Officiating
Director, IIT Roorkee, Shri R. Chalisgaonkar, Engineer-In-Chief, UKID, Shri R.N. Mishra, CMD, SJVNL;
Prof. S.K. Mishra, Executive Vice President, IWRS and Professor and Head, Department of WRD&M; Dr.
Ashish Pandey, Secretary, IWRS were also present on the dais. The Chief Guest Sh. Rajen Gohain explained
the linkage of railways with water and, in turn, food security of the nation. The function ended with vote of
thanks proposed by Dr. Ashish Pandey, Organising Secretary of the workshop.
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MAJOR RECOMMENDATIONS
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·

There is a need for change of farmers' mind-setfrom 'more water more yield' to 'precise irrigation
more yield'.

·

Farmers and field engineers should work closely for bridging the gap between potential created (i.e.
engineer) and potential utilizers (i.e. farmers).

·

To meet food demands in future, innovative changes in the existing policies needs to be framed;
introducing incentive systems and shifting the farmers' behavior to adaptation of new technologies
need encouragement.

·

In the era of “Digital and Make-in India”, there is a strong need for development of Decision Support
System (DSS) for scientific decision making and canal automation for efficient irrigation; may by
using mobiles.

·

Conveyance water losses need to be reduced by resorting to pressurized irrigation from flood
irrigation, at appropriate locations and for crops of different kinds. The use of micro-irrigation and
scientific methods of delivering water and nutrients directly to plant root zone, worth efforts and
expenses, as it results in improved agricultural production with less water.

·

Efforts should be made for conjunctive use of surface and ground water to reduce (a) abstraction
from sources like surface water diversion from rivers and canals, besides ground water abstraction;
(b) problem of water logging reduces or eliminated by pumping the water back to source which, in
turn, results in improved water availability.

·

Arrangements should be made for allowing pumping of water back into a canal system from
waterlogged areas in head reaches to supplement water for irrigation in tail reaches.

·

Over-exploitation of ground water should be checked by suitable policy. Besides ground water
recharge and modernization of irrigation structures could result in lesser abstraction of ground
water.

·

Both off-farm and on-farm planning is essential for improving productivity and food security.

·

Soil salinity management through drainage and/or use of innovative technology should be
encouraged for scientific crop planning and management to increase crop productivity.

·

There is a strong need to increase Water Use Efficiency (WUE) to increase water productivity, but
employing a sustainable tradeoff between productivity and water saving.

·

Water transfer from surplus to scarce basins is necessary for sustainable development of water
resources and combating recurring droughts in many parts of the country.

·

Irrigation systems must be designed and operated to ensure uniform distribution of water and
appropriate fertilizers to improve quality of production and protect environment.

·

Efforts should be made encouraging participatory irrigation management (PIM); the use of solar
energy, and reuse of municipal waste water will help in improving the water productivity, especially
in Himalayan region.

·

To safeguard the future of small farm holders, their training and capacity building will be great help.

·

Solar energy can prove to be a boon to irrigated agriculture in arid region and in some cases, help
brining water to the tail end of the field.

·

Understanding of irrigation laws and administration is important for improved irrigation water
management. Efforts should be made to protect the interests of young farmers, especially from tail
and mid-reaches.

·

A new brand of young graduates with multi-disciplinary expertise needs to be produced for
sustainable agricultural water management in the country; this would help in development of
demand-based models that are unique of its kind. A program at graduation level in the area of water
resources development and management is the pressing need of the hour to enthuse young minds in
playing roles in improved water management in the ever growing water scarce situation.

*******
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