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Tank Irrigation in couthern India: Adapting a Traditional
Technology to Modern Socioeconomic Conditions!

M. von Oppen?

A bstract

Tank trriganion s a long established technology 1o managce runoff water for irrigation In India
the area under iank irriganon 1s decreasing  This paper presents two concepts 1o adapt or

sform the tradi I waier gement sisiem to sutt modern socioeconvmic conditions
(o) improved tank management with water control and (h) an alternative land management
svstem 10 control runoff and erusion to recharge groundw ater and sustam irnigation wells Model
calcutanions for the firsi concepr show that improved wank mcnagement with a water control
sisiem of closing shaces on rainy davs would save enough water 1o irrigate an addinonal 20% of

the command area ar a 17 lower rish of crop fadlure Iy esiment i an orgarmzanon to employ
and supervise tank waier contrellers can be qusuficd by the cxpecied returns from he increased
area under irrigation The second concept can be expected 10 generate subsiannal increases in net

returns and emplovment Further research s required 10 verify these findings

Introduction

Water management holds the key to improved pro-
ductuvity of agricultural land in the semi-and tropics
(SAT) Tanks and open wells arc traditional sources
for small-scale irngation in Indian agnculture With
increasing population pressures, however, difficul-
ues anse wanks degencrate because of inefficient
maintenance and water control, and, with well irri-
gauon b 8 nglv more con-
struction of wells increases while tanks disappear
Groundwater levels fall because of overexplionation
and reduced recharge from tanks Ascostsand avail-
abihity of conventional energy sources (diesel elec-
tnicity) become more restnictive, well irngation
meets with problems

Improvement of Water Control in
Existing Tanks

Research on irngation tanks in southern inda has
shown that tank imgation can be profitable (von

Oppen and Subba Rao 1980b) But the performance
of a majority of irngation tanks has been poor, and
this 1s reflected in the overall dechine of tank-
irngated areas and growing instability

Even 1n the case of tanks that may have some
rudimentary management form of water distribu-
uon, ¢ g, a set date for opening of the sluice, the
watsr 15 g lly let out ly once the
sluice has been opened Water controllers in charge
of operating the sluice in the past have now almost
disappeared Better water management could be
achieved through such simple measures as the fol-
lowing (1) Reducing the outflow at night, since crop
water requirements are less at that ume (2) Keeping
the sluice closed on rainy days, assuming that rain-
fall will be sufficient to supply the requirement on
those days And (3) a combination of these two

None of these measures will require any physical
changes to be made 10 the tank as such The water
outlet structures will remain as they are because the
outlets are traditionally fitted with a round hole that
can be closed with a conical wooden plug from the
top of the sluice There will be no need for improved

1 Abridged vernion of an carher paper von Oppen et al 1983
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distribution Is for new pping sy
paddy irrigation and field-to-ficld flow will
continue.

A simulation model was built to compute the
amount of water that can be saved, for instance, if
the sluice remains closed on rainy days. Based on
daily rainfall data the model computes the effects of
various water-control rules. It calculates: (1) the
chances of successfully growing a crop in the rainy
season (there is still waterinthe tank during the 43rd
week), and (2) the amount of water available for
growing a second crop (at the end of the 43rd week).
The 43rd week is assumed to be the end of the first
season for a rice crop that takes about 120 days to
mature.

The results are presented in Table 1. They show
that, in @ 10-ha command area, watcrs control by
closing the sluices on rainy days will reduce the
number of years during which the tank runs dry

before harvest from SO years to 40, i.c., the probabil-
ity of crop failure in the command area of this partic-
ular tank will drop from 0.69 to 0.56. Assuming an
increase in the command area of 20%, water control
would bring down the risk of crop failure from 0.73
10 0.59. These probabilities of crop failure are rela-
tively high because of the small tank size assumed.
Larger tanks have relatively lower evaporation and
secpage losses, and therefore would benefit even
more from water control involving water storage
over longer periods.

In summary, water control of the kind described

will permit irrigation of a command arca that is 20%

larger and at a 17% lower risk of crop failure. The
water Jeft in the tank st the end of the rainy season
will be 24% above the amount under no water-

ditions in the existing tank.

Water control will, of course, not be cost-free. An .

organization to employ and supervise unk con-
trollers will have 10 be established. This organization
has to be planned for individual states in India and in
such a way 10 make it (it into the existing structure of
the respective department responsible for tank
irrigation.
For assessing the costs of such a water<ontrol
system, a study was carried out by an ICRISAT
consultant (Venkatram 1980). Conditions prevailing
in the states of Mah h Andhra P h, Kar-
nataka, and Tamil Nadu were studied, and the most
feasible organization was projected. The costs of the
water-control systems projected for fach state were
compared with the expected returns fyom a 20%
larger wnk-irrigated arca. These compansons are
presented in Table 2. For cach of the states included
in the study it shows the expected total returns from
a water-control system to farmers and to the state
governments. The returns to farmers, of course,
exceed those 1o the suate governments by a multiple
of over IS, as the farmers’ average net returns from
wank-irrigated agriculture exceed the present water
rates by the same multiple.

The alternatives for financing the schemes in the
different states and the likely expenditures are also
presented in Table 2. It was assumed that for water
regulators, 20% of tht salary could be barne by the

Table 1. Tank simulation madel results (with irrigation on Alfisuls) using 70 years of daily rainfall data (Hyderabad,

1901-1970).
10-ha command area 12-ha command arca
1000 m* outlet 1200 m* outlet
Daily Nonrziny Daly Nonrainy
outlet day outlet outlet day outlet
without water with water without water with water
Details controller controiler controlicr controller
Number of years the 48/70 39 70 51,70 41/70
tank runs dry at the (0.69) (0.56) (0.73) (0.59)
end of 43rd week
(27 October)
Average water stored in 23800 33000 22200 29600
the tank (in m?) at the 100y 139 (100} (133)

end of 43rd week

1. Probability of tank being dry.
2. Percentage figure.
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Table 2. Expected returns and expenditurss (i million
™
irrigated areas of selected states in India. ‘

repees) from imp d

Supervision and water regulation

- Grant for Gavernment®
. returns water regulator Inspectors
Andhna P Farmens! Gowi? Farmers Govi.* Farmers® ‘v::::b S
K‘muum '::: 68 0 60 200 6.24 o
Nk ,; S :s 1\9.1' a8 2‘:0 Jlll ;:g
b . .2 NA N . Y '

amil Nadu 129.7 94 99 6: l,:'.AS e g

4 478 167

From 20% sddnional irmgated arce at present water rates

LR

:;rmru pay full wslary (R 128 month) of water regulator
vernment pavs for specasl supers son ataff
vy Y swafl, erther (a) ins;
7 NA = not available

Source Venkatram 1980

Farmers pay 80% of salary (Rs 100
A S month) for water regulston
Government pavs 205 of salary (Rs 25 month) for water regulators

From 20% sdditional urgried area at Average farmen’ net returns

1
pecton (| per $0ands) and supersison (| pe: 20 nspecton), or (h) supervison

state government and the remaining 80% b
k the
farmers who supervise; or, the farmers could plyy the
full water controllers® salary and the governments
could provide supervision by inspectors and supervi-
:on. or luperyison only. The expenditure for
armers would in all cases be only a fraction of the
mums.from 2 20% additional command area. The
p €3 for the gover would in no case
exoged their returns from increased income as
dcrlveq (rom existing water rates from 20% addi-
tional irmgated arcas.
This ise is indi of the feasibil
of the
scheme at the aggregate Jevel. The sch ix{ ibl

implement this concept. There ma
> . y be cases where
the concept described below is more applicable.

A Composite Water Management
System for Alfisol Watersheds

Hi_non'ally. one can observe a nonlinear relation-
_nup between population density and tank irrigation
in large parts of India Tanks tend 10 be established
at population densities of 50-60 persons km-?; higher

:ﬁ;czr:tm;?lly huggly profitable (o farmers while
in| i
Toverme b g moderately remunerative to state
kv:'he m'np_lefpentuion of the scheme at the village
may initially pose some problems. Those who
now luyc access to water may be apprehensive about
is lml“-bility when the command area is extended
:m_. their experience with more stable water suppliﬂ.
!:‘nn; the first scason and 24% more water during
Y second season .(whic)‘: has not been accounted for
"\ terms of additional irrigated arca) should con-
vince those reluctant to collaborate.
. Furlbq study, including experi ] hin
villages, is required to decide how best and where to

popul densities lead 10 creation of more tanks
up to a maximum of about 220 persons km-?. But
beyond this point, an increase in population leads to
a decreased number of tanks (von Oppen and Subba
Rao 1980a). This observation is based on the simple
truth that, with increased population pressure, the
value of the land that a tank occupies rises. C(;me-
quently, the rationale for use and maintenance of a
lll:lk asan olyect of common property is increasingly
bcxlng quc:‘uoned by farmers and landiess people
Private claims on the fertile tank land are Iollowcd.
by encroachments, which in turn lead to lower water
levels and decreased irrigation efficiencies.
Al‘ the same time, irrigation wells around the tank
provide water for irrigation. If apped and recharged
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» Figure 1. Net returns and employment on an Alfisol watershed under siternative water-management systems (resuits based on a model).
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cfficiently, this groundwater can ;,‘3:: allor most
of the land formerly served by the tank,

found to have considerable potential. Therefore.

favorable hydrogeologic characternistics.

Research at ICRISAT was initiated in 198] to
assess the potential of this concept. keeping in view
the cost factors lmed above and comparing these
with the exp wges 1n an op tion
framework (En'zlh-rdl 198)). This research was
based on ficld surveys and a discrete stochastic linear
model. The model allows the user to assess the
impact of composite watershed management on
SAT agriculture, which is constrained by the sto-
chasuc nature of its water supply. Parametric
changes and sensitivity analysis of critical and
unknown technical and economical parameters such
as well density, factor cost. and product prices ena-
bie identification of the natural and socioeconomic
for imp ng the new

Results from the mode! are summarized in anun

i, which shows the benefits from water management
were caiculated in net returns (Rs ha-') and employ-
ment (man-days ha-'). For comparison. the benefits
of five alternative systems were calculated, ranging
from rainfed agriculture with no wells to svstems
with wells (at different levels of well densities), but
with no or only limited groundwater recharge.

While rainfed agriculture without wells produces
aet returns of Rs 200 ha-! and provides employment
for about 30 man-days ha-', well irrigation drasti-
ally increases benefits to double (at 5 wells/ 100 ha)
or more than triple (at 15 wells/ 100 ha) the levels of
minfed agriculture. But at higher densities well
water is restricted by limited groundwater. Substan-
tial increases in net returns can be generated at high
well densities through groundwater recharge. At
optimum levels of groundwater recharge, about
15-25% of the cultivated area wouid be submerged
by percolation tanks and the increase in productivity
would be about 30% at low well densities of S
wells/ 100 ha, but 70% at densities of 15 wells/ 100
ha.

envir

Conclusions

The two concepts proposed for improved watershed
management on Alfisols are: (1) improved tank
management with waier control, and (2) an alterna-
tive system of runoff- and erosion-controlling land

for gr ge and sus-
tined well irrigation. These two concepts were ana-
lyzed at ICRISAT in an exante framework and

pplied expen 1 work s ) 1o confirm
these results and specify the changes required for
introducing the new concepts. Research proposals
arc being considered by funding agencies for follow-
up expenmental work
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