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ABSTRACT. Frequency analysis of rainfall data for 10 stations is carried out to identify rainfall charac-
teristics in three regions with rainfall greater than 2000 mm, rainfall in the 1000-2000 mm range and rainfall in
the range group of 500-1000 mm. The data thus generated indicated that both excess and deficit rainfall periods
could occur within a cropping season at most stations located in ths threz groups. While one day storm rain-
fallis maximum at Dapols, it is minimum at Ludhiana. However, short period excess rainfall occurs ateach station
during which witer could be harvested for recycling. Crop characteristics of two major crops, i.e., rice and wheat
are discussed which also indicate that in both cases excess and deficit of water could affect yield. The minimum
vield of rice is reported from stations in the 1000-2000 mm range group where periods of water stress as well as
excess water occur during critical periods and affect the yield. Although conventional irrigation could firm up,
1o some extent, the uncertainty in supply of water during monsoon and partly during rabi season, it does not
help to overcome problems related to excess water. A farm/community pond bas=d storage and recycling tech-
nology is suggested. The technology is feasible and justifiably a better alternative to conventional irrigation, par-
ticularly in sub-humid and humid regions, and is relatively cheaper. Preliminary analysis and results are encoura-
ging enough to suggest that the technology could be tried and evaluated at more stations.

1. Introduction

Water available in abundance in nature is, parhaps,
the cheapest and is of course the most essential input
for production of food and enzrgy. Although, water in
the form of precipitation is available freely and right
at the side whereitis to be used: yat so tenuous and deli-
cate is the balance between the demand for water by
crops and its supply by precipitation. that even short
term deficit periods cften reduce the production sig-
nificantly. Even in areas where rainfall is ample, it is
unevenly distributed affecting crop yields dus to excess
water at one time and due to water stiess at the cther.
Therefore, natural occurrence of rainfall both in time
frame as also space has to be managad and evenad out
to correspond to agricultural needs. While in some areas
it can be done by providing irtigation, yet in other
ateas particularly sub-humid and humid regions, it can
be achieved thiough storage so that surplus in one period

car be effectively utilized in meeting the deficit in other
period.

In a major effort to reduce weather based fluctuations
in crop yield, a common strategy of providing irrigation
has been adoptad in the country. The water for irrigation
has been provided through major, medium or minor
irrigation works, While major and medium irrigation
projects are either diveision canal or storage-dam based
canal inigation system : the minor projects are largely
ground water based and include to a small extent the rank
storage projects. Experiences with these projects have
bzen mixed. It is now well known that agricultural
production has been much mo.e in areas commanded by
minor irrigation works (particulaily ground water based
projects) compared to major or medium irrigation pro-
jects. Even amongst major and medium projects per-
formance of some of them has been quite encouraging
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TABLE 1

General characters of rainfall at gauging stations used in the study

Average )
Station State annual Coeflicient

rainfall of variation

(mm)
Dapoli Mabharashtra 3372 22.0
Chalakudy Kerala 3096 16.8
Dehradun Uttar Pradesh 2152 17.7
Cuttack Orissa 1514 20.6
Navsari Gujarat 1465 21.7
Madhipura Bihar 1368 3.8
Bilaspur Madhya Pradesh 1249 23.4
Parbhani Maharashtra |80 35,2
Karnal Haryana 826 44.4
Ludhiana Punjab 6381 30.0

Water sur-  Waterdeli-  Huskeld
plus during cit during grain Soil type
Kharif lkharif yield
SCASON season (t ha)
{mm)
2619 Nil 1.6l Lateritic sandy loam to clay
- _ loam
1714 Nil 1.24 Loamy sand to sandy loam
1211 Nil 1.16 Sandy loam to silty loam
303 Nil* 0,98 Sandy loam to sandy clay
loam
758 Nil# 1.21 Clay with saling patches
491 Nil* 0.82 Loamy sand to loam
441 Nil* 0.78 Loamy sand to clay
Nil 251 0.87 Medium to deep black clay
60 158 2,19 Sandy loam with large alkali
patches
Nil lol 1.38 Loamy sand to sandy loam

*Although there are no seasonal deficit, yet short periods of deficit oceur to afleet yield

while in case of others it has been poor. Broadly speak-
ing, performance of the projzcts has been poor in areas
where average annual rainfall is more than 1000 mm.
Therefore, execution of projects in areas abovz 1000 mm
average annual rainfall is being debated and questionzd.
In such cases, management of rainwater within the
watershed is being pleaded strongly.

The objective of the present paper is to identify and
describe the climatic (rainfall) and crop characteristics
in semi-arid, sub-humid and humid regions to dzvisz a
management strategy which allows managemsant of rain-
water for consistantly high viclds. A managemeant
strategy devised for and tested in a semi-arid and humid
region is described. It is opinad that this stiategy with
site specific modifications could bz tailored to suit many
situations,

2. Material and methods

Ten stations covering averagz rainfall varying from
650 mm to 3300 mm have been choszn to work out rain-
fall characteristics in regions representad by thesz stations
(Table 1). Daily rainfall data varying from 10 10 25
years were subjected to frequency analysis. It includzd

estimates of coefficient of variation, storm rainlall of

different durations, potential runoff genezrating storms
and monthly and seasonal dry spells in ths rzgion.
A period of 5 days or more with rainfall of lzss than 2.5
mm/day occurring in successicn has bzen considzrad as
dry spell for the purpose of rice growih as thz experi-
mental evidence indicates that no significant raducticn in
grain yield is observed if water is not ponded up to
5 days after the subsidence of pondzd water (Rajput
1988). It was further assumed that break in dry spzll
occurred only if rainfall exceeded 10 mm in a period of
at least two days. Average water surplus amount and its
duration was computed using Thornthwaitz and
Mather’s (1955) water balancz techniqus considering
average monthly rainfall and evapotranspiration.

The rainwatzr storage, harvesting and recycling tech-
nology davzlopzd at Karnal (Gupta and Dhruva Nara-
vana 1972) was taken as the base tor discussion in the
light of rainfall charactzristics in various regions, From
topographical characters ot the arcas some alternatives
arz suggasted to make it a viable, cost effective and appeal-
ing tzchnology. In all discussions, rice and wheat have
bzen taken as the main crops. although with known
charactzristics of other crops, technology could be modi-
fizd to svit them.

3. General characteristics of rainfall

Managzm:znt systzm lor th: conjunciive use ol rain-
fall and hirigation watzr o1 for rainfall alone can be
developzd only with an understanding of the general
characters of the raintall in a 12gion. Average annual
rainfall in Iedia estimated at 1190 mm shows wide
spatial and tzmporal variation. Most of the coastal
and intzrior arcas reczive precipitation exceeding 1000
mm annvally with sevzral stations receiving more than
3000 mm rainfall.  Only the northwestern parts of the
country such as Punjab, Haryana and parts ol Rajasthan
and Uttar Pradesh receive bztween 500 and 800 mm
rainfall. Soma paris of Rajasthan and Gujarat, in west,
receive 200-400 mm rain. Similatly on the time scale,
in general, more than 80 per cent of the rainfall is
izczived in few months of the monsoon season. Usually
this szason extends from June to September, yet in some
humid regions, therz may be some variations. In other
months, even in areas rzeziving more than 3000 mm rain
precipitation is so mezagre that rainwater is negligible.
Rainfall is highly variable and skewed. The variability
increases with decreasing duration considered for ana-
lysis. In fact on weekly basis. the rainfall is extremely
variable and, thercfore, poses problems for planning
agricultural opzrations. The introduction of irrigation
in areas with above 1000 mm rainfall is based on the
premise that it will firm up the water supply during
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Fig. 1. Average rainfall versus surplus rainfall curve Fig. 2. Effect of water stagnation period on wheat yield

for the gauging stations used in the study

frequent periods of low rainfall. The characterization of
uncertainty, drainage and irrigation requirements,
therefore, must start with an analysis of historical data.

4. Frequency analysis

A record of daily rainfall forms the statistical record
from the past which has been selzcted to identify the
variation in rainfall distribution in three regions, i.e.,
rainfall in the range of 500-1000 mm, 1000-2000 mm
and more than 2000 mm. Rainfall characteristics of the
selected stations are reported in Table 1. Due to large
site specific spatial vairations and limited stations selected
for this study, it is not claimed that data reported here
will be applicable to all stations where rainfall is in
these ranges. although general conclusions will be similar.
The maximum rainfall is nezarly 200 per cent of the
average at Parbhani (Maharashtra) while minimum is 40
per cent of the average value at Bilaspur (M.P.) The
coeflicient of variation is larger usually for areas receiving
less rainfall compared to those falling in the upper range
group except for Madhipura (Bihat) In most cases
more than 75 per cent of the average annual rainfall
occurs during June-October. There is large surplus
rainfall during the monsoon season and it increases with
increasing rainfall (Fig. 1). Management of this surplus
to cope up with the requirements of moisture deficit
periods, short spells of which may also occur within the
water surplus periods is, therefore, needed. As short
term excess rainfall could cause sufficient runoff for
harvesting, the daily rainfall data are used to work out
the storm rainfall of short durations varying from 24
hours to 120 hours (1-5 days). The data presented in
Table 2for3 stations in the Jrange groups indicate
that while one day storm rainfall is almost similar at low
probability (less than 25 per cent). there are significant
differences in storm rainfall at higher probabilities and
with increasing durations, The storm rainfall, parti-
cularly for higher durations, increases with increasing
rainfall. Therefore, duration of rainfall to be considered

in normal and semi-reclaimed alkali lands

TABLE 2

Storm rainfall at different probabilities in the 4 representative
raingauge stations

Station Duration Storm rainfall (mm) at pro-
(rainfall in mm) (days) babilities (97)
——— A = -
10 25 50 75 90
Dapoli I 363 309 227 166 140
372
(3372) 2 530 463 362 286 254
3 623 555 452 376 342
4 719 641 523 435 398
5 778 700 581 492 455
Chalakudy I 180 162 136 116 107
(309) 2 266 239 197 167 154
3 329 294 242 203 186
4 392 350 286 239 219
5 434 390 324 274 253
Ludhiana 1 178 145 95 58 42
(681)
2 220 179 116 69 50
3 232 189 125 77 56
4 237 195 132 85 66
5 254 211 146 97 76
Cuttack 1 198 167 128 85 70
(1514)
2 275 229 173 109 87
3 293 246 188 123 101
4 312 264 205 1382 115
5 330 280 218 147 123
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Fig. 3. Schematic view of management technology
suggested for rainwater management Serving
dual purpose of (A,) irrigation and drainage
or (A,) drainage and fish production

TABLE 3

Probability of one day storm exceeding 100 mm at three
gauging stations
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Fig. 4. Trend of watertable rise in irrigated areas in the State

No. Probability (") in the month of
Gauging of e A
station storms  May  Jun  Jul Aug Sep Oct
in 25
vrs
Chalakudy 45 28 36 48 4 4 8
Cuttack 27 0 8 27 3 15 15
Ludhiana (3 0 0 19 8 % 0
TABLE 4

Probability of critical dry spells (

10 days) at different
stations

Station

Dapoli
Chalakudy
Dehradun
Cuttack
Madhipura
Bilaspur
Parbhani
Karnal
[Ludkiana

Probability of critical dry spell (per cent)
in the month of

e s S A T &5 |
Jun Jul Aug Sep Oct
27 0 4 54 hi
12 8 b S0 27
59 18 11 63 96
63 22 15 37 82
54 23 3l 46 96
| 24 9 57 95
69 46 54 69 92
94 35 5 70 100
88 15 5 81 100

of Harvana

in dzsign will vy from onz group to anoihzr. It may bz
2 days for the first group whilz it should b2 3 and 5 days
for the other two groups. rzspzziivzly. As pointzd out
earlier. even within a 1ang2 group, therz could bz signi-
ficant diffzrepczs in th2 storm rainfall charactzristics and
it is particularly truz for th: humid regions (Tablz 2).
The data indicatz that whilz rainfall at Chalakudy
(Kerala)is charactzristics of thz humid rzzions, it is not so
tfor Dapoli (Maharashtra). Ev:n the length of thz mon-
soon szason and watzr surplus pzriod: for th2 two
stations vary grzatly.

o o

Th: number of storms and probability ol storms
cxezzding 100 mm in 24 hours for cach s'ation (for ricz
crop. assuming 10 em storagz. all storms exceading 10
cem arz considzrad to gznzrat: runofl) and for each month
of the monsoon szason wzrz workad out for the threz
stations reportad in Table 2 (Tablz 3). As expectad.
numbzr of storms incrzas: with incrzasing 1ainfall.
Numbszr of storms arz 45, 27 and 11 for
Chalakudy. Cuttack (Orissa) and Ludhiana raspzctively.
However. their distsibution as presented in Table 3 is
interesting. While water harvesting could start right in
the month of May a Chalakudy, it will not be possible
till July at Ludhizaa, Similacly. last harvesting (although
at very low probability) could continues up to Szptzmbei
at Ludhiana. it could bz 2vzn in thz month of October
at Cuttack and Chalakudy. Thus, the water harvested
in Septzmbzi/October could bz saved for the rabi crop
to give onz or two lifz saving irrigations. Although at
Chalakudy. runoff harvesting during May/lune may
not be useful as July and August have few dry days,
the storage structures could be used for flood moderation
at the tail end if necessary and for effective drainage.
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Next in importance to devise a stiategy for rain-
water management is the dry spells.  Dry spells of
different durations occur within thz ceason and in the
crop growth period extending beyond the rainy season,
Usually a spzll equalling or excezding 10 days is called
a critical dry spell. Probability of critical dry spells is
low at all the stations except Parbhani during the two
months of July and August (Table 4). Once in two-yzar
diy spells exceading 10 days can occur in June, Septem-
ber and October tor all stations except those in the
2000 - 3C00 mm range. For two stations in this gioup
(rainfall =3C00 mm), crivical dry spzll could occur
in themonth of ESeptember at this probability and at
Dapoli cven in thz month of Cctober. At Madhipura
and Cuttack probability of critical div spcll in the month
of Septembezr are relatively I2ss compaizd to even Dehra-
dun (Uttar Pradesh) where average annual rainfall is
significantly high.

A glance at the scasonal continuous dry spell also
makes an interesting recding (Tablz 5). Continuous dry
spell in thz scascn at 50 per cont probability is maximum
(35 days) at Ludhiana (minimum rainfall) and is mini-
mum at Chalakudy (13 days). At Dapoli (thz station with
maximum rainfall) thz valuz is 24 days following Chala-
kudy and Cuttack. Howzver, the situation is quite diffe-
rent in respzct of the winter szasen, The minimum con-
tinuous dry spell is at Ludhiana whilz it is maximum at
Dapoli. Evcn at Chalakudy the valuz is almost equal
to the stations with annual -aintall in the 1000-2000 mm
range,

From this analysis it is apparent that periods of excess
and deficit would occur at all places in semi-arid. sub-
humid and humid regions, though the quantum may
vary amongst the thrce regions and within a region.,
Even in arcas with ro su-plus rainfall on szasonal basis,
storm rainfall is encugh to genzratz runofl which could
bz harvested and “2cycled. Becaus: of this variation, it is
necessary to go in for sitc spocific rainfall analysis for
planning rainwatz  maragement.

5. Crop characteristics to excess and deficit water

~For development of rainwalar management stiategy
rice and wheat crops are corsidered in the context of this
paper although similar information should be gznziated/

obtained ii some other crop is to be grown in the region.

5.1. Rice

In India rice crop is grown in nzarly 40 Mha. While in
some areas ricz is grown both in khaiif and rabi, in
others, it is grown only du-ing thz kharif szason. Present-
ly, water requirement for this crop is cstimated to range
bztwezn 1500 and 350 mm (Randhawa and Rajpul
1988). Nearly 70 per cent of this water is lost in dezp
pareolation and only a small amount of water estimated
at 15 per centis actually transportzd through the plants.
The variation in water 12quirement is due to soil type,
rainfall, other climatic variables, management and the
varictal differences. Although ric: is a watsr loving crop
and need submergencz of water; both excess depths of
submergence (particularly at the tiller formaticn stage)
and deficit of water affect the crop yield. In low land
rice, excecs submergence depths could result in seedling
mortality and poor tillering resulting in low yield. Thus

in humid regions medium to tall varietics may be grown,
which are more tolerant to flooding,

Effect of occasional excess submergence depths due to
storm rainfall in semi-arid regions has been studizd by
Gupta and Pandey (1983). It was postulated that the
effect of submergence could be bstter described by an
excess submeaigence depth index which is calculated by
adding additional submergence depths beyond a opti-
mum value for a given variety. The effect of this index
on rice yicld (Var IR-8) indicate that in regions with an
annual average rainfall of 750 mm, 1ainfall can be stored
in the rice ficlds up to an index of 150. Once this value is
crossed, there will be yield decline, such that 6.4
pe1 cent yield 1eduction is expected at an index of 260.
Such a high index could be achieved in semi-arid regions
when rainfall is above normal and it equals or crosses
850 mm mark. Thus, rice crop in areas with more than
1000 mm of rain would require drainage, in the absence
of which yield will be adversely affected.

Water deficit in all the 3 rainfall groups considered in
this paper is experienced during the reproductive phase
and for the rabi crop, it will be inteimittent depending
upon the adjustment of the planning schedule, rainfall
and availability ot irrigation water. It has been suggested
that poor yields could be due to reduced number ol
panicles per unit area and a relatively high spikelet
sterility (Murty 1977, Yoshida 1981). Matsumisha
(1962) reported that a period of water sticss, a iew days
before heading 1esults in about 60 per cent spikelet
sterility. Like many other crops, yields may also be
reduced duc to senascence of leaves which is hastened
during a spell of water deficit (Hsiao 1973).

The data on rice yield for the districts in which stations
covered in this paper lie, indicate that the husked grain
yield vary from a low value of 0.78 t/ha at Bilaspur (M.P.)
to a high value of 3.38 t/ha at Ludhiana which has
provision of irrigations (Table I). A significant obser-
vation, however, is that yield is comparatively low at
siations in the range group of 1000-2000 mm compared
to those in the 2000-3000 mm range group. This
observation nicely fits in the earlier observations that
while both excess and deficit water affect the yield in the
second group, the deficit water stress is relatively less in
the group with above 2000 mm rainfall (Table 1). It app-
ears that a strategy which reduces ill effects of excess water
and ensures water during deficit period would lead to
better rice yield in such areas (1000-2000 mm range
group).

5.2. Wheat

The sceend important crop following rice is the wheat.
Mos; siudies have shown that wheat requires 40-44 cm
water for satisfactorily completing its growh cycle
(Prihar and Sandhu 1988). Wheat which is the major crop
in northwestern India, also suffers from submergence
of water and is quite sensitive to water stress, particularly
at crown root initiation, boot and flowering stage. Goel
& Gupta (1986) and Sharma & Swarup (1988) reporied
that due to heavy showers received during winter season
in northern parts, crop could suffer, if’ water is not
removed within 24 - 66 hours (Fig. 2). The yield reduc-
tion could be about 10 per cent in a semi-reclaimed sandy
loam soil [ESP, 250%, (0-15 em layer)] if water is not
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TABLE 5

S. K. GUPTA ¢r1 al.

Expected duration of dry spells at different probabilities
between June to October and November to March

Duration of dry spell (days)
—As

Prob. .
level Dap- Chala- Ma- Deh- Cut- Bi- Lu- Par-
(%) oli kudy dhi- ra- tack las- lhi- bhani
pura dun pur ana
June-October
10 41 21 39 47 27 43 51 33
25 34 18 34 40 24 36 45 42
50 24 13 25 28 19 30 35 32
75 15 10 19 21 16 25 27 24
90 12 8 16 17 14 21 24 18
November-March
10 152 131 151 87 138 129 63 152
25 152 115 128 75 120 105 54 136
138 2 95 58 92 84 41 11
75 128 74 70 45 72 67 31 92
124 65 59 40 63 55 27 77

TABLE 6

Rainfall storm and duration of dry spells for different return

periods at Karnal (Gauging station

: CSSRI)

Parti- Rainfall (mm) for return period (years)
cular h — A -—
Max. 1.11 2.33 5 10 25 50
rainfall
1-day 52.4 103.0 136.0 162.9 196.8 222.0
2-day 66.2 123.5 160.9 191.4 229.9 258.4
3-day 70.4 1343 176.0 209.9 252.8 284.6
4-day 73.3 146.3 193.9 232.7 281.7 318.0
S-day 77.7  162.5 217.7 262.7 319.6 361.7
Max. dry
spell du-
ring mon- 14 23 30 35 41 46
soon
season
(days)

TABLE 7

Components of rainwater stored in a storage-recycling
irrigation system at Karnal

Jun- Runoff Rain water retained in
Sep outside the catchment

Year rainfall the area (Ricefield & farm pond)

{cm) m) —————t———

Total "7 of rain-
(em) fall
1972 69.5 12.1 57.4 82.5
1973 58.9 9.4 49.5 84.6
1974 37.4 0.5 36.9 98.7
1975 60.5 1.2 59.3 98.0
1976 74.3 6.0 68.3 91.9
1977 58.9 5.5 53.4 90.7

removed in 24 hours. In normal soils the periods could
be around 66 hours. Thus, a farm level drainage is very
essential as such storms are expecied to occur once in
3 vears even at Karnal which is a semi-arid station.

Response of crops to irrigaiion amply indicate the
reduction in yield due to water stress. Experiments at
Hoshiarpur (Kandy Project, Punjab), Dehradun, Agra
(Utitar Pradesh) and Rewa (Madhya Pradesh) indicated
that application of one irrigation to wheat resulied in an
increase in yield by 25 per centat Agra and 114 per cent
at Hoshiarpur compared io dry land crop. The values
al other places were in this range. Thus in a crop like
wheat, if water for one irrigation could be managed
through rainwaier harvesting, tremendous increase in
vield could be obtained. The exact quanium of increase.
however, will depend upon climate, water holding capa-
city of the soil, time at which first irrigation is applied
and other management support.

5.3, Technology

Characterisiics of rainfall at each siation indicate
that a major poriion of the rainfall is received in the
form of heavy siorms of short durations and thus gene-
rate enough runoff. This usually follow a dry spell or in
other cases long dry period occur towards the end of the
season. On the other hand, major crops suffer loss in
yields both due io excess as well as deficit of water.
Farm pond technology. therefore, offers excellent oppor-
tunities for conservatiion, storage and recycling for
management of rainwater near to the place where it falls.
Keeping in view the characteristics of the rainfall
(Table 6) at Karnal (Haryana) and the high runoff
generating capacity of the alkali lands in the area, a
technology for rainwaler management was conceived
and tested at 40 ha farm of the Central Soil Salinity
Research Institute, Karnal. The technology consists of
the following three sieps :

(i) To store as much rainwaier in the cropland (rice
fields) as is possible without affecting yield.

(ii)y To Tharvest/channelize the excess rainfall and
store it in a dugout farm pond of sufficient
capacity for recycling during dry spells and
for applying life saving irrigation to the wheat
crop.

To channzlise still excess runofl to natural/
artificial drains.

(iif)

A schematic set up of the storage structure is shown
in Fig. 3. The technology has been successfully tried at
the institute farm and as muvch as 90 per cent of the rain-
fall had been conserved. within the farm area (Table 7).

The same technology with minor site specific modi-
fications was considered for a humid region in Sunder-
bans (West Bengal) with an average annual rainfall of
1800 mm. The estimates of surplus rainfall for this region
indicated that after meeting all the demands of the kharif
season. as much as 450 mm of rainfall is surplus and can
be siored in the dugout farm ponds. It was recommended
that nearly 20 per cent of the farm land should be dug
to 3 m depth to store excess rainwater which could be
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used to irrigate crops in the winter season (1.5 m) and to
serve as fish pond (Yadav er ef. 1981). It was also brought
out that technology is feasible on regional scale: yet 25
cm high peripheral bundsshould be constructed in the
region to have field control of rainwater and to store
atleast 15 ¢cm of rainwater to smoothen out the water
requirement during short dry spells. This technology
has found favour and is being popularized. The success
of the technology and the analysis of rain data reported
for different stations firmly point out that this tzchnology
could be beneficially extended to other areas.

6. Storage places

One of the major items of costin this technology is
the cost of the storage structure interms of land and to
digging cost. Depending upon the sitz, some of the
places existing  structures could be considered for
reshaping into storage ponds. Only consideration
should be high storagz to earthwork ratio. Water
from such ponds could be utilized by the community.
Probable placzs of storage which can be explored are
the following :

(i) Existing water tanks or ponds.
(i) Low lands with minor reshaping.
(iii) Main drainage channcls.

(iv) Dugout farm or co-operative ponds. Addi-
tionally, in deltaic or coastal regions, follow-
ing places can also be considered :

() Coastal tidal lands
(b) Closzd minor tidal creeks.

In hilly areas, embankment ponds could bz used to
store rainwater. The sites which offer adequate storage
with least amount of earthfill. should be ideal spots.

7. Conventional irrigations versus recycling technology

Too frequently irrigation is introduced and water
allowed to the farmers, before any assessment and under-
standing is conveyed to him to us2 the system in relation
to crop culture on a particular soil under differzent cli-
matic situations. Understandably, intricacies and im-
portance of water management are not appreciated by
him. Naturally, and coupled with inherent lacunae in
the system, irrigation efficiency which is defined as the
percentage of water utilized to meet evapotranspiration
demand to water released at the diversion head is poor.
It fluctuates from a very low value of 10 per cent during
months with heavy rainfall to nearly 40 per cent during
the peak demand period. Considering, high cost involved
in harnessing the water. even the latter figure is low. In-
adequate provision of storage of water in the irrigation
system has been recognised as one of the major factors
contributing to the low utilization of water resource,
as it results in lack of flexibility and mismatch between
the demand and the supply. Forexample, in most irriga-
tion projects. supply is much more than the demand
during kharif while water will not be commensurate
with the demand during rabi and summer seasons. In-
fact, in areas where rainfall is more than 1000 mm, water
supply in canals is at its maximum when the areas are

in flood due to heavy rains and there are no takers of

the water made available,

In spite of all the shortcomings, irrigation system
does firm up to some extent the uncertainty in the supply
of water, vet it does not, in any way, help to overcome
problem of water excess. In fact in many cases, it has
accentuated the problem of drainage. This could be
due to regional risz in water table (Fig. 4) and also due
to avoidable applications of irrigation water. Usually
there is high runoff in irrigated than in unirrigated areas.
Recantly, provision of drainage is being made in the old
and new irrigation projects, yet the drainage works as
envisaged are limited to construction of main drains or
in some cases, to collector drains. Rarely, field drainage
is undertaken or encouraged. Thus, agricultural fields
continuz to suffer due to excess water during heavy
slorms. The storage and recycling system, blends these
two interrelated problems and, theiefore, should be
more rewarding in terms of agricultural production.

Szcondly, in a multi-purpose project, management
alternatives are at variance for achieving different objec-
tives. Usually, in such projects, flood control becomes
the first casuality followed by irrigation. Coupled with
heavy rainfall, flood problem is most acute at the tail end
of thz irrigation system. Therefore, a system which takes
care of drainage and irrigation should be helpful in
handling the flood problem to a greater extent.

A strong case to develop minor surface irrigation pro-
jects based on conservation of monsoon rainfall within the
watershed and near to the point where it falls has been
built up with ample justification. The system will provide
greater flexibility and to a greater extent maintain ground
water balance. Costwise also, there is ample justification
to shift the emphasis to minor irrigation works. While
cost of a major or medium irrigation project works out
in the range of Rs. 20,000 - 30,000 per hectare, it could be
less than Rs. 5000 per hectare for a farm pond storage/
recycling irrigation project. It is expected that such
storage works will provide water which will be at the
command of the irrigator and will also provide much
needed relief during periods of excess rainfall.
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