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Intoduction

It has been estimated that in India, about 40% of the annual rainfall results as
surface runoff and flows into sivers. This rainfall excess is quite substantal
considering the fact that most parts of India are classified as semi-arid. It is very
likely that due to consraints imposed by topography, climatic and soil conditions
as well as by flow characteristics, some surface runofl is inevitably lost, but mn
urc often situauons when runofl could be collected and use

supplemental irmy for crop production. 104 at the same ime (eﬂunn. e
damage that is commouly experienced from flash flood:

Since about 75% of the cultivated land in India is rainfed, contributing 427
of the naton's total food production, the potential for runoff collection and reuse
appears very hugh in thesc arcas. The Vertisols in India cover about 60 million ha.
of which about 54 million ha. are in the rainfed arca (Singh 1974). It is, therefore,
w1 ereat interest to studv the feambility of runolf generation, collection and
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recyehing an these sorls and the potental mpact of s technuiu - 1 lcseany
crap production and stabilizing it ever tne

Vertisols
The Vertrols are fine calcarcous, montmordisnite clays which unierss pronounsed
shunkage during drying. rewulting i large cracky that <lue enl. ane: prelunged
weting. 1 hese soils bocome hard when drv and stichy when wet Deanage <an be
A serivus problem during wet pernunds i the ramy easor  Lhe o ace b
bases. including caloum, magnesium aad potassium. 30d the 7H rares from 7 S 1o

Tder semu-arid tropical conditions. the ~oils arc low 10 Arganic waiter and are
usually dencient in mitregen, phosphorus and somenmes 7:n

he Vertisol areas 1n [ndia «an be subdivided according t Jepth ac

Deep Vertsols > 90cm
Medium deep

Vertsols 4590
Medium Vertisols g5 m
Shallow

Vertols s
A map of the Vertsol regicns 1< shown 1 figure |

The saturated hydeaulic conductimty of the Veetisals 1< veny Tow The saital
and terminal infiltration rates of 1 deen Vertisols as measured at the ICRISAT
Center were
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Due 16 the Verusols® prperty of shrinking and swelinng,
formed  the drv season and ewst as sich unti sutficient
monsoon scason. In the early part of 1he Tany season.
incident rainfall can diappear anto the cracks af they are almacd 1 renan
exposed at the soil surface. The low nfilization rates of the Vertaws undee mant
conditons and the resultng runof and crowon indnate the aced for land
‘mansgement techniques which allow Sreater opportumity e for infiliration whe
controlhng the temoval of cvess water Such <ystems hase been Sereloped at
ICRISAT and will be discussed 1 4 later secuon of this paper

ge deep cracks are
ctng accurs i the

erefure u latze part - f the

Rainfall Characteristics

The anaual ranfall 18 bighly vanable in most parts of India and 1s concentraied in
four o five montha of the year. The long term weather data for Hiderabad tor
instance indicate that on average 86% of the anoual ranfail 15 recencd hetween
the months of June and October. Variability it evident even from the past seven
year data at ICRISAT; while only 340 mm was recerved 1 1972, 1077 mm was,
teceived in 1978, The rainfall pormally occurs in the form of several storms of high
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Figure 1 A map of the Vertol regions i Indi

asity and sometimes of long duration. Hudson (1971) concluded that 0% of
the ..mmn i the tropics oceur at inteasities of at least 25 mmfhr, a figure
approaching the threshold valuc at which ramfall becomes crosive. The highest
Teralt nmenuly measured at ICRISAT was 88 mm/hr on Septewnber 24, 1975; i
four out of the past six years ranfall intensiues in excess of 60 mm,hr have been
recorded.

The hugh rainfall intensities coupled with Jow infiltration rates when the soil
15 moist, result in large amounts of surface runoff and associated erosion on
Vertisols. The variability and undependability of rainfall results in oot growiag a
monsoon crop 1 low rainfall areas. [n high rainfall cegions, the poor drainage
charactenisucs of the Vertsols cause difficulty in workiog the soil in the rainy
season. under traditional management, The available rainfall has 10 be used in such.
4 manner that long term stabuity is assured o crop producuon. The excess rawfall
o collected and used during stress periods results in satisfactory moisture
tvailabulity throuchout crop growth ensuring optimum levels of production.
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Rainfall- Runofl Relstiomslnps
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Moonsgon failowing on Vertiols 5 ull 4 widespread practce extending over
I$ nathon hectares 1 India. It cun he generalized that on the long term,
approvimateh ane-fourth of the scasonal rainfall it lost ay surface ruoefl from
these areas. while i 1egions cropped Junng the monsoon season, Appeoxi
onc-wath of the ramfall resuits 1n surface runoff. Thus, substantial ruaoff is
generated duning the monsoon reason 1n the Verusol regions. 1n sddition to the
Ioss of precious rinwater, the problems of sail erosion due (o improper manage-
ment of runoff would further add 1o the degradation in the productive poteatial
of the available ciopland To help solve these problems, & graded broadbed sod
furtow system of land management has been developed at ICRISAT, The moderste
slapes in the furcows of approximately 0.6%; allow the runoff fo occur at safe
velocines. These slopes also permit adequate_opportunity time for infiktration
particularly 1 the carlv part of the monsoon. The runoff that is generated through.
this system could bo collected in water storage facilities and cooveniently recycled
1o the watershed at the required time as supplemental furrow irsi

A parametric water balance simulation model has been developed o the besis
of hydrologic data collected from thros Vertisol watersheds ar ICRISAT
(Krishna 1979). 1t has minimal input data requiremeats which inchude dafly reiafall
amounts, storm duration or ralnfull intensity, pan evaporation and 0if mokstare. A
nna-. cofrelation was obtained between compuled and- messured runofl

volumes in all cases. Tho model wiso simolated thy solt moisture variation e the

peofile satistactorily.
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Runolf for Supplemental Irsigation

The collection ut runoll and ity 1euse for supplemental iwrigation bas been repurted
from several locations in Indua. Verma et al, (1972) during @ \tudy conducted on
deep Vertsals at Bellary tound substantial imcreawes 1 yield through recyuling ol
runoll water (tible 2).

Fable 2 Litect .v/ sapplementars 7 st o o pond an he e of sorgham 1
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alion at seedsetung sage, it was ,mmmc to increase yields by
%. These results induate that the amount s well as Limmg are important
comsuderations i the application of supplemental rrigation.

{1978) reported that the quality of runoff water was much better than
that of well water 1n the Betlary area and was comparable to the excellent qualiy
of the Tungabhadra twer waters. Yickd mcreuses were ulso recoeded with cotton
by appliation of runofl water. A single runoff apphcation of 10 cm of water
increased the yickls by upto 76% m 1972-73 and upto e, 197373, Two
apphcations raised the yields upto 115% in 1972 73 and upto 667 in 1973 74 (a
betier runfall year). Experiments conducted at the agncultural college farm in
Indore shawed that upto 602, of the monthly rainfall could be collected ax runoff
in July while $5% was posable m August and 727 m September (Snastava &
Vauma 1975).

Chowdhury (1979) summanzed the yicld wcreases uccruing from ode
apphication of water at various locations and for sevcral crops 1 Indis. The data
10r three Vertisol stations where rabi sorghum is grown is given in table 3.

1t can be noted that the benefits from runoft collection and rense ace quite

substantiul for rabi crops even 1a medium to low ranfall aread such as Bijapur and
Bellary, An even greater advantage might be realized in high rainfall regions.
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Expencace at ICRISAT

Several small watersheds on Vertsoly aud Alfisols at ICRISAT have been develop
ed with systems of graded beds and (urraws and grassed waterways to convey the
exeess ramfall safeis Siall rnolf celiection and storage facihties (tank) from 0.2
NS ham capacits been womtructed to serve some of the Vertisol
aaterheds A RS ha watershed ulongwith the mair waterway and the tank
1 snew i figare 2

Ihree tanks were construnied 1 1973 Ly mecbanical equipment; Sve otber
Lank s were constructed later Gane manust Libour and anim . The cost of
COMUTLCHION per B, w10 f st raze has ranged between Rs. 200 and 500, depeading
upon the constriction techique and 1he Scavation 10 storage ratio at say
partiular location The eepage has been very mimmal (0.5-2.0 mm/day) in those
tanks where the <ub-soil onsists of murram baving high clay conteat. In other
wtuations where sandy subsolls have been encountered, seepage rates of up 1o $
mn dav have been measured; eflorts at mmmizing these problems are underway.

It has been obiersed that on tanks located oo medium decp Vertisols at
1CRISAT, approvmately 65 10 30°, of the collected water could be applied back
on the land. Depending on the acrual amount of runoff occurring this water io an
averace year would be equivalent (0 about 40-50 mm on the entire dosor
watershed. 1he appheanon of water has been primarily through pumping and
feading the water on the ndge from where furrow irngation bas boen practiced.
Alummium pipeline may be too expensive for supplemental irrigation in o dryland
Ltulture 304 therefote the fessbiiy of uning otber matecials bas been explored.
Iigh density polvethylene pipe of 10 cm diameter bas been successfully used at
ICRISAT. 1n addition 1o being flexible aod light weight, it offcred less Sow.
resistance than in conventional methods and costs only & third as much.

During the past seven years, there has been ample evideacs at ICRISAT to
wartunt further research o runofl collection and reuse. The collection of runoff
uring the monsoon season and its application to post moaseon crope has been
quite common oa the Vertisols, On Alfisols hawever, thers bave boen severat
oceasions whea moisture stres» occursed even during the raisy saso8 and
water had to ba applied faisly early in the sea100 It is now clear. that even with &
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Figwe 2 An ICRISAT watceshed showing the grassed waterway and fank far runoff collection

single § cm irrigation, substantial henefit can be realized if the water is applied at
the “critical” time. In 1975, on a black soil watershed at ICRISAT, the post
monsoon sorghum yicld was 2570 kg/ha, without supplemental irrigation while a
single $ em irrigation from collected runoff on a parc of the watershed boosted the
yields 10 3570 kg/ha. The kharif crop of maize on the watershed yielded 4770 kg;ha
and with a 3570 kg/ha yield of past monsoon sorghum the gross return at the then

v prices was Rs. 649)ha. This resulted 1n a rainfull productivity of
Re. 62jem of water/ha. In anothee year when an § cm irrigation was apphed at
planting time o chickpea in the post-monsoan season, the yields increased from
780 Kg/ha. 10 1310 kg/ha. In terms of rainfall productivity, the maize-chickpea
sequence resulted in Ks. 63/cm of water/ba. This figure is several-fold that attained
by the traditional practice of rabt sorghum on Vertisols where a rainfall producti-
vity of only ubout Rs. 10/em of water/ha was realized.

Conclasions

Systems of runoff collection and reuse appear 1o have substaatial potential 1o semi-
and tropical rainfed sgriculture. The benefits will bo greatess on solls of low
water-halding capacity but it has been amply demonsirated that eves o deep
Veniisols, there can be substantial incresse in the yield of post-monsoon crops by
application of limited amounts of supplementary irrigation. The rainfal peo-
ductivity obtained from the combination of a monsoon crop and & supplementarily
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