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[NTRODUCTION

Rainfall is the main source of water supply to soil profiles, ground water and
surface reservoirs in the hydrologic cycle. So far rainwater management has been limited
to arid, semiarid and upto some extent subhumid (dry) areas mainly for raising rainfed
crops. In subhumid, humid and perhumid areas, rainwater management has got little
emphasis, that too, for soil and water conservation in micro-watersheds. However, it has
totally been neglected in irrigated (canal and tubewell command) areas resulting
waterlogging, soil salinity, lowering/raising of ground water level etc. No adequate
emphasis has been given, so far, to rainwater management in rainfed waterlogged areas.

India’s assured rainfall areas falling under subhumid, humid and perhumid agro-
climatic regions (Figure 1) are blessed with good natural resources, particularly water.
Sometimes this blessing of rainfall becomes a curse to the people due to large variation
in its occurrence and intensity resulting floods and/or droughts. Although human beings
cannot check/change/reverse mighty hydrological cycle (Jal Dewta), they can certainly
manage (pray) to regulate (please) the hydrologic cycle (Jal Dewta) to reduce hazards
of floods and droughts.

“No grain is ever produced without water, but too much water tends to
spoil the grain. An inundation is as injurious to growth as dearth of water”

-Narada Smriti, X1,19

About 160 M ha m of rainwater is flowing through rivers and draining in sea every
year. It means about 40% of annual rainwater is wasted, mostly in these regions.

Rainwater management has become crucial for agricultural production system in
irrigated as well as rainfed situations of this assured rainfall regions. A time has now
come to treat rainwater management as a pre-requisite for adoption of improved agricultural
practices for sustainability of improved practices and agricultural production. Rainwater
management problems are more complex in these regions as compared to arid and semi-
arid regions because of fragile physiographic and socio-economic conditions and erratic
rainfall pattern in times and space.

It is possible to develop appropriate rainwater management strategies in conjunction
with irrigation systems in these regions for increasing productivity of lands by 100 to
200 per cent on sustainable basis using bottom up approach.
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Fig.1 : Subhumid, Humid and Perhumid Regions of India.
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CHARACTERISATION OF THE AGRO-CLIMATIC REGIONS

It is very difficult to exactly divide/demarcate the areas requiring different sets
of rainwater management strategies. Based on droughts and flood problems, the areas
receiving mean annual rainfall above 1200 mm covering 28% of geographical area are
prone to floods, soil erosion and face drought during post monsoon season (Table 1).

Table 1: Major problems of different rainfall zones

_—I\Zeans Annual Rainfall, mm Percentage Area Covered | Major Problems
Less than 750 30 Drought

._700-1200 42 Drought/flood
1200-2000 20 Flood/drought
Above 2000 8 Flood/drought

According to another classification of rainfall regions (Table 2), areas receiving
more than 1150 mm mean annual rainfall is termed as high rainfall region which cover
about 1/3 of the country (eastern region, Kerala, coastal Karnataka, Konkan region of
Maharashtra and south Gujrat). Rice is grown in 90% of this region during kharif. Total
monsoon rainfall even in the worst drought year is sufficient to have a good crop, if it
is managed well.

Table 2: Rainfall regions of India

Regions Average Annual Rainfall, mm
Very low rainfall regions <500

Low rainfall regions 500-750

Medium rainfall regions 750-1150

High rainfall regions >1150

Bioclimatic classification (Table 3) indicates that subhumid, humid and perhumid
regions receive adequate rainfall to grow at least two crops in a year maintaining cropping
intensity above 200% through proper management of rainwater in situ, water harvesting
systems and surface and ground water irrigation systems.

The details of agro-ecological sub-regions falling in subhumid, humid and per-
humid ecosystems of our country is given in Annexure I (Velayutham et al, 1999).
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Table 3 : Bioclimatie classes and their limits

I_Bioclimatic Class | Length of Moisture Index Annual
Growing Period . (Mather 1956) Rainfall, mm
Arid 0-90 <-66.7 | <150-500
Hyper arid * 0-60 <-83.3 <150
Typic arid 60-90 -66.7 to -83.2 150-500
P Semi-arid 90-150 -33.3 to —66.6 500-1000
Semi arid dry 90-120 -50.0 to —66.6 500-750
Semi arid moist 120-150 -33.4 to —49.9 750-1000
Sub humid 150-240 20 to -33.3 1000-1600
Subhumid dry 150-210 0 to -33.3 1000-1200
Subhumid moist 210-240 0 to +20 1200-1600
Humid 240-330 +20 to +100 1600-2000+
Perhumid >330 > +100 >2500
*Including cold arid Source: Velayutham et al, 1999.

Based on agricultural science and technology research needs subhumid, humid and
perhumid plain and submontane regions can be called green areas having enough water
available but green revolution has not occurred in all these areas (Table 4). Water
management needs top priority in these areas. It is the next region where green revolution
is expected through rainwater management and conjunctive use of rainwater, surface
water and ground water.

Table 4: Science and Technology zones based on research needs for various
growing conditions (Swaminathan 1989)

Sl. No. Zones

Green revolution area

Green but no green revolution area

Semiarid areas

Montane areas

Coastal zone

|

2

3

i, Arid areas
5

6

7

Islands
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MAJOR ISSUES

1. Exclusion of Coastal and Island Ecosystem

Coastal areas and Islands falling under subhumid and humid eco-regions have
different problems mainly related to sea water intrusion. These areas require different
sets of rainwater management technology. Thus, it may be excluded from this programme
and taken up separately. ‘

| 2. Flood control

Major floods are associated with mighty Ganga and Brahmaputra rivers. Other
rivers prone to floods are mostly in subhumid and humid regions. Total flood affected
area is about 40 M ha and every year 8-10 M ha area is affected by flood. Net crop
damage every year due to flood is 3-5 M ha. Main causes of floods in our country are
1) incessant rain in catchment areas of rivers resulting peak discharge over the carrying
capacity of the rivers; 2) persistent deposition of sediments on the riverbeds reducing
their carrying capacity, and 3) planned release or breaches of reservoirs. The flood
control measures adopted, so far, in these regions are construction of multipurpose
reservoirs with one of the objectives to moderate floods and constructing embankments
for protecting toewns and cities. The major reservoirs are facing problems of silting at
| alarming rate.

~Development and adoption of appropriate rainwater management
technology including soil and water conservation measures and
multipurpose water harvesting systems in series on watershed
basis for flood control and checking fast silting of reservoirs
should be taken up on priority.

3. Irrigation Expansion and New Irrigation Projects

Main criterion for constructing reservoir systems has so far been the availability
of sites and not the need of irrigation. All good sites have been built up and the new
sites are going to face more challenging technical and social problems. There are different
opinions about having small reservoirs and tanks/ponds- in place of large reservoirs
without causing damages to forest and agricultural land and displacement of people.
Small reservoirs/ponds cover 10 to 15 times more area due to low depth of water which
is also a great concern. Increasing cost of surface irrigation system is another concern
which has reached above Rs 90,000 per ha of irrigated area.

Most of these regions are rich in ground water which is largely untapped. It has
to be utilised judiciously as rising ground water is creating waterlogged situation in
some parts and over exploitation causing lowering of ground water table in some parts.
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~Development of technology for locating and designing large and
small reservoirs in combination with ground water irrigation system
for balanced {rrigation/recharge is needed for sustainability of
the irrigation systems.

4. Rainwater Management — a Pre-requisite for Rainfed as well as Irrigated
Farming

The emphasis on rainwater management has so far been limited to rainfed farming
for in situ rainwater conservation and water harvesting for life saving irrigation particularly
in arid and semiarid regions. Subhumid and humid regions have got little attention in
respect of rainwater management, that too, for soil and water conservation, Adequate
irrigation water supply has been one of the reasons for green revolution in major parts
of Punjab and Haryana which is now subjected to lowering ground water table in absence
of proper rainwater management. Sustainability of our irrigation systems is facing following
problems:

I. Declining water table in tube well irrigated areas due to over exploitation of
ground water,

2. Rise of water table causing waterlogging/salinization in canal commands due to
low efficiency of canal system and misuse of water by the farmers,

3. Tail end deprival of irrigation water in canal commands.

=In situ rainwater management practices should be adopted in
irrigated areas for sustainability of irrigation system with higher
efficiency. It will result in:
i) More ground water recharge and lesser irrigation needs
ii) Increase in command area

iii) Controlling tail end deprival

5.  Mitigation of Waterlogged Condition

Sizable agricultural land of these regions are seasonally waterlogged during monsoon
due to one or other reasons and their productivity is thus very poor because of unfavourable
edaphic environment. The major waterlogged situations are:

1. Waterlogging in canal command due to seepage from canal
2. Under exploitation of ground water and rising water table in some pockets

3.  Lowlands having no surface drainage points
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@ Development of appropriate technology for drainage in waterlogged
areas.

] Development of appropriate technology to mitigate waterlogged situation
where no drainage points are available by:

i i) Changing land configuration for reducing water depth for growing
crop and creating pond for fish production & supplemental irrigation.

s ii)  Recycling through open wells

4

! iii) Development of appropriate technology for judicious use of ponded

, water.

j 6. Dynamic, Location-Specific, Appropriate Technology

4 Piece meal information (technology) related to water harvesting tanks, percolation

tanks and wells, soil erosion control, in situ rainwater management, rainfed crops and

; supplemental irrigation are available. It is now required to develop integrated approaches
and mathematical models with appropriate mix of different technologies to maximise
agricultural production on sustainable basis. Any new technology adopted becomes
traditional and after few years it further requires improvement. In the past this process
has been very slow; presently it is fast. Stepwise bottom up approach of adopting new
technology is sustainable but it requires systematic design in view of certain phenomenal
changes going on to get steady growth of farming keeping pace with population growth.
Development and adoption of people participation technology in developing rainwater
management system are also required.

@ Development of dynamic, location-specific appropriate technology packages
(sustainable technology packages) on rainwater management is needed for
integrated watershed development and management including rainwater
management in situ and in surface and ground water reservoirs and its
conjunctive use following bottom up approach.

7. Rainwater Harvesting for Life Saving/Protective/Full Irrigation

Rainwater harvesting in tanks/ponds has been a century old practice for water
supply to domestic and cattle needs and irrigation when there was no modern methods
for water supply and irrigation. Recently more research efforts have renewed interest in
the tank technology in arid and semiarid areas. Presently, a lot of information/
recommendations is available on tank based water harvesting system for these areas.
Despite positive efforts, adoption of tank technology by the farmers is very poor in arid
and semi-arid areas due to following reasons:
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I.  Value/productivity of land under tank is generally not considered while analysing
cost of the system.

2. There is no viable system for operation and maintenance when tank is constructed
on common land.

1, There is no economically viable methods for seepage and evaporation control.

4.  Tanks are normally designed to harvest all excess rainwater for a protective irrigation
to rainfed crops where drip/sprinkler can not be used with the system and over all
tank yield efficiency is about 40-50 per cent.

—In subhumid and humid regions it is possible to design multipurpose tanks
in series with 100 to 200 per cent water yield capacity for full irrigation in
conjunction with in situ rainwater conservation.

8. Harvesting of Subsurface Water/Springs

Most of the subhumid, humid and perhumid ecosystems have numerous perennial
subsurface water stream which can very easily be harvested by making check dams ( in
big streams) and storage tank. Various types of water harvesting models are available
for harvesting subsurface flow and utilising the same for irrigation. There is a great
scope to select/design low cost water harvesting system according to location specific
situations.

~Development of appropriate systems for harvesting subsurface water flow for
irrigation should be taken up on priority.

9. Conjunctive and Versatile use of Water Harvesting Systems

To increase productivity of land and agricultural production water harvesting tanks
should be designed with canal or well/tubewell system for conjunctive use and for
mitigating hazards of soil salinity and poor quality ground water. It may be designed for
versatile use of stored rainwater using consumptive and non-consumptive multiple
productive system to produce fish, manure, duck in tanks and horticultural trees/vegetables
on embankment and crops around the tanks.

~Design tanks in conjunction with canal and wells for versatile use of collected
water.

10. Watershed, Irrigation Water Resources and their Command Areas as a Unit
System

Scientifically, in hydrologic term watershed, surface/under ground water reservoirs
and their command areas are a unit system as these three components of hydrologic
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gycle are interdependent. Presently different agencies/departments are managing these
components as independent units without active integration resulting in very low
efficiencies of water management works. A multidisciplinary team/organisation/department
can very easily and efficiently manage these components as a unit system for maximum
possible use of rainwater on sustainable basis maintaining ecology of the sys[t'em.

—Watershed, surface/underground water reservoirs and their command areas should
be treated as a single unit for comprehensive rainwater management.

11. Development and Monitoring of Model Watersheds

Truly speaking, the only difference in currently ongoing watershed development/
management programme and other previous programmes on the development of agriculture
is the name, because the application of watershed principles and active integration are
still missing under watershed development programme. A review of ICAR-managed
watersheds has clearly indicated that development of water resources, whether from
surface or recharge of ground water through rainwater management, works as catalyst
for adopting modern agricultural technology. In any agro-climatic zone there is no
completely developed model watershed for demonstration and training and its replication
for developing the region. For planning watershed development programmes in future,
there is an urgent need to monitor watershed behaviors for longer duration under different
treatments to create data base.

—In each agro-ecological sub region following two types of model watershed should
be developed and monitored:

I.  Replicable model: for demonstration, training and development of the
region.

2. Long Term Study Model: to monitor hydrological and other behavior of
watershed for dynamic planning and development of watershed in future.

12, Lessons from not only Success Stories but Failures too

Rainwater management in these regions are more complex and challenging. Each
technology should be viable (practically & economically) and fit in the whole agricultural,
social and overall ecological system on sustainable basis. Most of our success stories
related to rainwater management are not spreading/moving/replicating fast because of
certain limitations/weaknesses which we hide due to obvious reasons. If we are really
interested in developing viable and sustainable rainwater management systems we have
to learn deeply the failures and weak points/side effects of success stories. Success,
failure and weak points should be published and debated alike for developing appropriate/
viable and sustainable rainwater management technology in these regions.
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13. Human Resource Development

In view of weak coordination and integration among development workers belonging
to watershed, water resource and command area development programme and lack of
interdisciplinary training in the field of water management, suitable and adequate manpower
is not available to take up rainwater management programime.

—Multi-disciplinary training programme is required to develop adequate manpower.

_Institution/department/agency is required for planning, executing and maintaining
rainwater management works with active participation of the farmers.

In order to meet the increasing food demands and to control floods, waterlogging
and soil erosion in subhumid and humid regions it has become essential to launch a
research programme in view of above discussed issues to develop appropriate technology
on rainwater management with following objectives:

1. To increase crop intensity upto 200%

2. To achieve food grain productivity of land upto 6-7 t/ha/year

3. To control floods, waterlogging, soil salinity and soil erosion

4, To increase fodder, fuel wood, timber, fruit and fish production by 2 to 3 times
5. To bring green revolution in the region
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