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PANK TRRIGATION IN SEMI-ARID TROPICAL INDIA
Part I : Historical Development and Spatial Distribution

M. von Opnen and K.V. Subha Rao*

iMRODl!CTION '

Small, vater reservoirs behind eerthen dams are called tanks in India.
Tanks supply manv villages with drinking water, but their primary purpose
is to provide water for irrigation. Tank irrigation is an old, established
practice in most of the semi-arid tropical parts of India. F.ere the monsoon
rains fall errat:lca.llv during a fev months in the year, and :lrrigation 'tan}rs
serve to store and regulate the ﬂov of water for agricultural use. In the

gouthern states of India this is primerily for the product:lon of rice,

The present study was undertaken to ga.in a better understanding of the
h:lstorical and :lnstitutional influences, the economic forces. and the tech-
nical conditions that have :lntcracted to bring a'bout tank irrigation in
India as it is practiced today. An understanding of these forces will be |
valuable to ICRISA'I‘ in its efforts to improve the water-soil management |

systems in the semi-arid tropics of the world, which is one of ite mnde.tea.

The stuldy is presented in three parts. The first opart, presented here,
gives a brief review of historical records doc\menting_the development of
‘tank irrigation over time, and discusses the relationship of population

density and physical factors to the development of tank 1rr1gation.v The -

¥The euthors are Economist and Research Technician, respectively, in the
Socioeconomics Program of International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), Hyderabad, India. They acknovledge the con-
tribution by H.S. Sandhu, who participated in the earlier stages of this
study, reviewing the historical literature. The authors are grateful te
Drs. H.P, Binswanger, V.S. Doherty, D. Jha, and J.G, Ryan for their valua.ble
comments and suggesticn on an earlier dra't of this paper.



second part (fortncoming) 1s an attempt 'to determine the econémic perform-
ance of irrigstion tanks, The third part (forthcoming) discusses the drave

~ backs in term: of instebility and low 'mter use efficler-y of fahk irriga-
tion as it'is practiéed teday. Suggestions are mede for improvements through
" better water control and reorganization of tank menagement, An approach for
Judging the possibilities'and 1imitations of transferring Tndia's tank tech-

nology to other places in the SAT is proposed.

1. HIQTORICAL RECORDS ON TANK IRRIGATION
In the southern states of semi-arid tropical India, tank irrigation
systems have existed since Vedic times. Two tenks are mentioned in the

Ramayana : namely, the Lake of Five Nymphs (Panchepraratataka), associated

with Madakerni or Satkarni:; and the Pampasaras, apparently the sare as
Pampasagar, the name of & tank in Huvimothadagalli taluk;lieliary bistrict,
on the Tungebhedra river (Yezdani, 1960). Further, there are references to
" {rrigation tank practices in the éa&l} records of people of India, dating
back to many centuries before the cormencement of the Chriétihn Fra. Many
of the tanks which are found in southern India have been in existence for
severel generations, two in Chingleput Districf are referred to in inscri-

ptions of the 8th and 9th centuries (Harris, 1923).

Telengaﬂa has been termed & land of rice and tanks, where tenk irriga-
tion has 5eeﬁ dezveloped extensively bepinning in ancient times. The districts
of Werangel and Karirnagar heve some quite old instences of tank irfigatioh;
the lakes of Pekhal, Remavpe, Lakhavafqm, andeanigaraﬁ were constructed in
the lééh and 13th centuries by kings of the period (A1l Indig‘Economic Con-
fereneé;g1937). There .1s a sjsfem of tanks at Khttaéiri referred to in in-

scriptions of 1096 AD, This system demonqtrdtes the technique or practice



_ pf_constructing.tanks in a series at different levels of & watershed, In -
1108 AD, a merchant named Dasi-Setti renovated end increased the size of a
tank at Bhanvur. In 1201-2 AD, after 2 famine in-Tirunvcnnamalai.village ;
~ two persons built a tank in memory of their mother '(Appadorsi, 1936). The
Somavaram inscription dated 1213 AD stétes that Racherla Reti Reddi construc-

ted two tanks.

Various kinns.were active in constructing tanks, Kesari-Tatakanm Tank
'was,built by Prola I: of the Kakatiyas, Beta II constructed two tenks: Setti.-
" Kerayan end Kesari;Samud:a; and Prole II built two tanks., %he Pratapa;Charitra
.stétes that the ruler Ganapatideva built tenks at Nellore, Gangapuram, Ellore,

Ganapapurem and Frasilapuri (Appadorai, 193R).

A rock inscription dated 1030 AD praises the many tanks built by the
local ruler Kota Gonka (Vaidehi Krishnamurty). Fresh land was brought under
cultivgtion by digeging a new Tank, Settikere, as rmentioned in en inscripﬁién
df 1071 AD from Soreli Taluk in Shimopa Nistrict (Department of Information
"and Public Relations, Hyderabad, 1953). Tanks were donated to temples as
"~ plous acts dnd for their upkeep. A nurber of inscriptions dﬁted around the

11th and 12th'cénturies describe tank construction activities in Warangal B

(Gopel Reddy, 1973).

While studying the cultural economy of irrigation in southern Tamil
Nedu, (Ludden) observed that tank cohstruction in the past played a key role
in the fitualJbased gystem of entitlemént to cbntrol laﬁd resoufces; through
thevconstructibn of a tenk the local chief generated reéources for giffs.to
| templés, which in turn enhanced Brahmen rituaX powers useful for his support.
| "The irrigation system as a whole grew in a cellular segmented manngrzsimiiar,

-allied but staunchly independent units were merely added on as populapion



and irripated acreage increased. It was this svstem - within which irripation
facilities were constructed, maintained and resulated bv the same oreaniza-.
tional units that_contrblled cultivationfprocesses'as‘a~vhole—that confronted
British edministrators in the nineteenth century (Ludden); |
The British werelhiphly impressed by the exteut of tank irripation they
fbund in the countrv.
In 1853, R, Baird Smith wrote:
"The.extent to which the tank irrigation has heen
carried throughout 211 the irrigation region of the
Madrss Presidency is truly extraordinarv, An imper
fect record of the number of tanks in the 14 dis.
tricts shows them to amount to not less than 43,000
" in repair and 10,000 out of repeir or 53,000 in all.
(Smith, 1856) . | |
Some 30 vears later, statistics of tank irrigation were assembled;'
and allipt of tank i;r;gafed areasl (Manual of Administration.pf phé
Mﬁdras Presidency) in the districts of the Madras Presidenc& from
18682.1883 pave a figure of 32,000 nonvrivate tenks.? When comparine
the net areas irrigeted by these tanks in 1882.1883 with areas irrigated
by all tanks (i.e., including the formerlv private tanks) in 1060-1972

(Table 1) we find that, for all the districts taken torether for which this

— e

1?'Apart from the rivers, the rainfed tanks which exist in vast numbers of
amall and larpe tanks throuphout Medras, play a most important part, Most
of these are of.old native construction althouph & few of them have been
enlarged by the British Government and their svstematic improvement is °
being carried out yeer by yvear as far as monev and establishment are avai-
1able." (Manual of Administration of the Madras Presidency) vol.1(A), r.319,

2"In addtion to the works included in this ststement. there are a larpe
number of private tanks and zamindari tanks, with vhich the irrigation brench
heve no concern,’ (Manual of Administration of the Madras Presidency) °
vol.1(A), p.ko6, : :



......

Teble 1. Arealirrigateg by tanks and total crovped area in the region of
the old Madres Presidency in the yeer of 1883 and at present

(Area in 000' acres)

. 188283 - Avg,_for 1969-T2 () | )

_ Total  Net area Total  Net area 3)/ /

District " eromped irrigeted cropped irrigated (1) (2
‘area by tanks area by tanks '
1 2 3 b

Anantapur 11k 89 2249 78 19.8 0.9
Kurnool T2 39 - 3220 33 . Lk ,5 0.8
Bellary : 72 53 1507 20 21.0 0.h
Krishna 287 39 1661 88 - 5.8 2.3
Nellore 225 151 1616 227 T.3 1.5
Vizag : L8 30 1307 221 . 27.4 7.3
Salen 185 97 2283 80 12.3 0.8
Coimbatore 142 LY 2068 12 1k .6 0.3 -
Madurai 233 158 1601 . 130 6.9 0.8
Chinglepet 130 315 1070 L05 2.5 1.3
North Arcot 338 201 1589 260 I § 1.3
South Arcot -.397 213 1786 . - 268 4.5 1.3
Thanjavur 10L 46 2162 73 20,8 1.6
Tirunelveli 377 145 1376 189 3.6 1.3
Tirichirapalli 2LT 132 2031 196 8,2 1.5
A1l Districts 3511 1940 28698 2320 8,2 1.2

Source: Tamil Nadu, Season end Crop Reports, 1969-T2.

information.is evailable, the extent.of tank irrigation todey is about thé
same as it was a century afo. Tenk irrigated area has decreased in two
regions including the districts of 1) Anentarur, Kurnocl, Cuddapah, and
Bellary, and (ii) Salem, Coimbatore, and.ﬁadurai. On the other hand tank
irriration has increased in two other reg;ons, i.e. (1) vizeg, Krishna, and
Wellore, and (ii) Chinglepet, North Aréot, South Arcot; Thenjavur, Tirunelveli

and.?lruchirapalli.



The overall area under nonpriwfate tank irrigation was reported to be
1.9 @iliion acres in 1882-1683, vhile the ares irrigated from ll tenks in
1969-T2 was 2.3 ﬁillion.acfes. This dif arence 18 not very large and if the
priﬁate tanks, eicluded fror the earlier figureb; corld be accounted for as
the present rigures include all tenks, the cohclusion that emerges 1ir that in
the area of the former Madras Presidenéi_there has hardly besn any cbange ir

the overall extent of tenk irrigation during the last 100 years,

In contrast to the marginal change (if any) of tenk irrigated area in
the former Madras Presidency, it is interesting to note that f.otaJ. cropped
aree in the region inereased about 8 times dui-:lng the last century.,_ Thus,
vhile tank irrigation was avai;able fof over 50 percent of the total cropped
area in the past, now less than 10 percent of the_tota.l cropped area is irri-
gated from tanks. Eventhough other: sources of ir_rigation have beccme availa-
ble now, so that canals and wells irrigate approximately another 10 percent
each in this area, the overall irrigation of cropped area has fallen from

50 percent to about 30 percent.

In. cc;ﬁtrast 50 the ubove facts éboir the o0ld Mhdras Prcsidency a.reé..
there 1s evidence that tenk *rrigation in old Hyderabn.d State is of more
recent origin. The ares irrigated from tanks considerably 1ncrea.sed only
during the first half of the paet 100 years under the rule of the Nizams of -
Hydersbad. Table 2 shows that from 10000 ecres in 1895-96 the Putlic Works
Department (PWb) of the Hyderabad State had arri;éd at around 106000 acres.
of tank 1rriga sed area around the turn of the century, and between 800 to
‘900 thousand acres some hO years later. Fo estimate 1s made in the gources
~of these sta.tist:lcs a‘bout the amount of private ta.nke that surely mst have

existed. The fact that the PWD of the State of Hyderaba.d expanded the tank



irripated area during the earlier half of the last 100 years vhile the
British Government in the Presidency of Madras did not do so, provides en
indication that the intensity of tank irrigation in different areas was to
gsome extent influenced by the respective governments and their emphases on
certain types of capital development programs. However, as is shown below,
in the long run not institutionel factofs alone but population density to-
gether with the institutionai set up are imnortant variables explaining these

differences in development ~f tank {rrigation over time,

- Pahie 2. Tenk irrigation provided by the Public Works Depart-
ment, and net sown area in Hyderabed State from
1805_06 to 1949.50,

——— e RS B s e MePREE NS YOI WS ) G e U

HYDERABAD STATE

Year Tank irrigated Net sown area (1 X 100
ares 000' acres 000' acres 2)
(1) (2)
1895'96 : 10 . N8, . N.A.
1905-06 135 n.a. n.a.
1915"16 . 209 ‘ n.a.‘ . noao
'1925-26 581 26874 2.2
.1930-31 63k . 2955 2.2
1935-36 930 : 29133 3.2
1039-40 8o - 28l33 .30
194L.4s 855 26475 3.2
1949-50 A3k 2406k 3.5

o -

n.a. : not available

Source: H.E.H. The Nizam's Government, Hydzrabad District .
- Gazetteers, Mahbubnagar District vol., 1340.13L5
F(1931-1935 AD) with comparative statistics from
1331 Fasli, Hyderabad, 1940,

2. POPULATION DENSITY AND TANK DEVELOPMENT

It is logical to assume a relationship betveen‘the density of population
and the intensity of tank irrigation. Where nhvsically feasible and econo-
mically attractive, tank irrigation systems are expanded. vhen the population

growth crosses a certein minimum level: tanks and ponulation increase in



mutu&l support to another upper limit of populntion density, beyond which
further population pressure may tend to adversely affect the existing tank
irrigation systems, and special meagures‘nay be reqﬁired to preserve the capi-

tal of irrigation tenks> (Ludden).

Before a tenk is built, a need for more 1ntenstvé_iand;usé-muét'bé felt,
i.e., tfﬁéitional forms of extensive land uge'mustfhave'beéome insufficient |
to support the growing population. Mbredver; & minirum nurber of peoﬁle,are 
required to do the work, and a political forece capablevof'organizing-thé
people for this effort must be available. Our hynothesis'ig that populati§ﬁ
has to reach a critical density of about 50 to 60 person§ §ér:km2 bef¢re these

condifions are met and tank construction begins.

1)

Table 3 presents data on rural population densities between 1901 end the
present for the Indian States of Andhra Pradesh and Tanil Nedu, It is inter-
esting to note thet rural population denmsities in Andhra Pradesh, about half
the erea of which is made up of regions of the former Hydefabad Stéte. vent
up from 60 peraons/km2 %o over 130 persohs/km2 between 1901 énd toddy. "On
the other hand, within the present Tamil Nadu State which includes much of
the former‘Mad;as~Presidency, rural population densities;uereialready at 13k
persons/kmz in 1901, and are presently about 240 persons/kﬁ?. wUnfortumately,

the data on population before 1900 are aot available, - It mey be safe to

3Ludden also points out the "dielect_. between population end the intensifi-
cation of land use." He emphasizes that "over time, intensification (of
lend use) and incressing density (of population) place demands on. agrarian
organization" (p.4). In our study, population density is regarded as an
independent variable, constituting one of the most important environmental
conditions that determine the existence of tenks, The obvious link bet-
ween population and agrarien organization is not invectipated here. How- .
ever, the institutional environment as expresged in British versus princely
rule and its influence on tenk irrigation will be anulyzed later.



'aaaﬁme, h&vever, that dﬁring the 50 years prior to 1900, i.e., from around . .
1850, population in both.regions was snly marginally below the 1900 levels.
If this were true, then in 1850 the Tamil Nadu region might have had a rural.
popﬁlation densitybor pgphaps 129.§e:sdns/km?, vhjlé in the Andhra Pradgsh
‘rggion rural population would haie been belqw.6b persons/kma. If thesg_ﬁppu-
1a£ion fignres are any 1nd1ca§ion, it'wouid‘gppea; that tan building in

‘ Taﬁi; Nadu, which started much egriier thﬁé‘in Andhra Prudesh, was more pr‘
1e§§790mpﬂ€ted"ip.1880; population growth did hof work as an incentive to
build additionsl tauks after that timet .In'ggmparison; in AndhrauPradésh
massive public tank building activity did'nqé_even é@;ﬁt'uptil 1909,vaﬁd.1t“
reached its climax éometime arouﬁd 1960, when rural populationldenéity haa.

reached levels of 100 to 120 persons/kmz. Given the assumptions above on

Table 3. Rurdl population densities in selected states of India

_Andhra Predesh®® ~_ Tamil Nadu** A1 TIndia®*
. : ‘Rural Rural Rural = FRural Rural Rural .
Year popu- popu- popu~ ‘= POpu~- popu-"  popu-

- lation lation lation lation _ 1lation 1lation

(1000  demsity®* (2000 density® (1000  density®

persons) persons) persons)
1901 ‘ 16703 60 1749 134 212700 65 -
1911 18586 67 183271 = 1a 221684 6T
1921 o 18360 - 66 18316 141 217801 66
1931 T 20517 Th 19192 148 238203 T2
19k1 22875 83 20701 159 268029 B2
1951 - 25695 93 22785 TS ‘295000 90
1961 29709 - 107 24696 190 359772 109
1971 35103 127 - 28732 221 " k39016 133
1981% 40991 148 ___ 328 - 250 522779 159
*Estimated population: a:persons/km2 5 5

#%Geographical ares in Andhra Pradesh = 276 800 km“ ¢ in Tamil Nedu = 130 100.km
and A1l Indie = 3280000 ¥m? ' _ ' A -
Sources:Indian Agriculture in Brief 15th edition; Bulletin on Food Statistics,
1968 and 1977: Census of India 1971, paper 1, p.52.°

NOTE: Data on rural and totsl pcpulation are available only for the yeers

1951, 1961 and 1971. Trends of the percentage of rural population’

in total population for these years were extrapolated to derive

" egtimates for the other years, for which information-is available -
only on total populetion. '



10

' population levels in 1850 these dirferences in construction activity can
be explained if the densitv of rural population, critical to trigger tank

-construction, lies somewhere around 50 to 60 persons/kmz.

At popu1ation levels of over 120 persons/km additional tank construc—
tion mav e less attractive, perhaps partly because the most favorable sitea
are already taken, and partly because’ the lend required for tanks is more
. and more’ difricult to acquire as at this stage it 1s already taken for dry—
» land cultivation, Further reasons for a_decline in tenk irrigation capaci--
ties could be the‘stripping of vegetative cover on catchments leading to
erosion end siltation, and encroachment of tank beds, These and other.pro-
- cesses can»reduce tenk efficiericy and are directly attributable to'higher

populaiion densities.

mnus we nave‘reasons to belleve that population density impoaes not onli
.a lower but also an “upper 1imit’ constraint on tank irrigation. At the 8lle-
'JIndia level as well the upper limit densitv of about 120 nersona/km might '
whane restricted development of tank irrigation;‘ In India as 'a whole the
" absolute area irriéated by tanks increased from aboutj3.5 million'ha around -
19h5-50 to over .5 million ha between 1960 to 1970, and subsequently it
fell to less than U million he in 1973 (Teble 4). It was between 1960 end
1970 that the rural ponulation density in'India crossed 120 persons!km
(Table 3). "Population growth continues while tank irrigation decreases;
at the game time canal irrigation and esnecially irrigation Trom wells haa

‘expanded ranidly after independence.
The development of tank irrigation in'lndia after independence wag "
, BubJect also to a number of forces which may not be directly attributed to

population.density although ‘these are,related. The sbolition of ownership



11

Table b. All India growth of tank irrigation

‘Motal Net  Well Tank Tank irri- Tank irri- = Well irri-
" ecrop- irri- dirri- irri- gated area gated area gated area
Year ped gated gated gated to total to net irri- to net irri-

'area area area area crupped gated‘area gated area
: . area '
(----In million hectares=) (%) (% (%)
1950-51 131.9 20.9 5.9 3.6 2.7 17.2 28.2
-52 133.L 21.0 6.5 3.4 - 2.5 16,2 30,9
-53 137.5 21.2 6.6 3.2 2.3 15.1 31.1
54 1h2.3 21,7 6.7 L. 2.9 18,9 30.9
-55 1kh,0 21.9 6.7 4.0 2.8 18.3 30.6°
-56. 146,7 22.8 6.7 b.b 3.0 19.3 29,4
~57 149,1 22,5 6.2 L.5 3.0 20.0 27.6
-58 1ks.4 23,2 6.8 LS5 3.1 19.h 29.3
-59 150.8 23.k 6.7 4.8 3.2 26.5 28.6
-60 152.1 23.8 6.9 LT 3.1 197 . 29.0
-61 152,3 24,6 7.3 b.6 3.0 18.7 =~ . 29,7
-62 156.2 24,9 7.3 u,6 2.9 18.5 . 29.3
‘63 156.8 25-7 T-6 uaa 301 18.7 2906 :
.64 157.0 25,9 7.8 L6 29 17.8 304
-65 159.3 26.6 8.1 1.8 3.0 18.0 30.b
-66 155.3 26,7 8.7 L.k 2.8 16.5 32,6
-67 156.8 27,1 9.2 k.6 2.9 17.0 33.9
-68 163.0 27.5 9.3 4.6 2.8 16.7 33.8
-70 163.9 30.3 11.1 L) 2.7 4.5 = 36.6
JTLO167.4 314 119 bS5 2.7 143 379
-T2 16h.2 3.9 12,2 L1 2.5 12,3 . 38,2
-73 161.5 32.0 13.0 3.6 2.2 11.2 40,6

Compound growth
rates for the

period ' -
- 1951-T1 1,01 1.94 3,00 1,08. .~ - : -

Sources: T*vigation Statistics and Statistical Abstracts of India

rights for private tenks stopped private investment into tank irrigation

gsoon after independence. This also decreased the efficiency in water control
ahd tank management‘ ' On. the other hand public campaigns‘were launched to ‘
'increase food prcduction and tank building was ‘one of the activities vhich

' were vigorously pursued in these campaigns until the late 1950's. Subsequently,

‘the availdbilitv of dlesel and electricitv-powered pumps made well water more
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attractive as an .alternative, and privately 'contr_olied source: for irri- '
gation, Resourccs vere shifted from the develonment of tanks tovards
weiis leading to a massive' eicpansion of well irrigation. Further,.
prohlems connected with raising the water rates made it more a.nd more
difficult for the PWD to receive the funds for cover:.ng the increases

in costs of maintenp.nce and repairs. Ta.nk irrigation basicallv an eco- -
nomically productive and profitable -underba.king- (see Part II), thus, .
began to be looked down upon and was onlv halfheartedly supported by
policymkers and planners. The resulting decree.ses in efficiency and |
in reliability of the performance of :lrri;zation »tanks tended to promote-
the erroneous notion of tankiirrigation being notoriously inferior to

other types of irriga.tion (see Part III).

3. REGIONAL DISTRIBU‘I‘ION OF IRBIGATIOM TANKS

Although runoff collection ta.nks exist in nea,rly every district of
India. the density oi‘ tank irrigetion varies considere.bly from district
to district Presently, in the semi-a.rid tropical region of India (Fir. 1)
ta.nks are concentra.ted in South and Centra.l India, i.e., in the coastal
districts of Tamil Nadu and Andhra Pradesh, in South-Central Karnatake, ‘
'in Telenma -and in Ee.st Vidarbha. In Rorth f[ndid, there are two pockets o
which show a high density of tank irrige.tion north-east "Mttar Pradesh |
in the area of the former kingdom of Oudh and in Ra,jasthan, east of the

Arvalli mountqin range .

Generally it appears from Table 5 that tsnk sizes increase from
North to South; based on information on number of te.nks and irrigated
a.ree., the average size of ta.nk command’ areas is around 2 ha in Gujarat -
‘and Ma.dhya. Pradesh, T ha in Maharashtre. 15 ha in Andhra. Pradesh, and |

30 ha in Tamil Nadu. Within Andhra Pradesh a similar pa.ttern of sma.ller



_ Figare 1. Density of Tank Prrigation in SAT India-
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Table 5. Tank irrigation in selected states and districts in India

Stete Area irriga~ Total Totel No. of tanks Gross Gross Ave-
Region ted by tarks cropped gross >40 ha <hO he tank tank rage
Distrizt Gross More aréa irri. irri- jrri- size
than gated gated gated of
once area ares to area to tanks
by all . total totel  (ha)
' sources . ijrriga~ cropped
........ (1000 ha) ted aree area
Rejasthan 270% - 16729 2136* ;- - 13 1.6 -
Gujarat 35 1 10420 1166 2T 20022 3 0.3 1.7
Madhya Pradesh 131 - 20561 1523 7. - - 9 0.6 2.2
Maharashtra 208 3 18737 1570 .,’1348 27857 13 1.1 T.1
Andhra Pradesh 1110 160 13283  Llke3 7395 6611k 25 8.h 15,1
Temil Nadu 1084 205 7161 3272 8726 27019 435 12.3 30.3
Karnataka 373 - 11079  1thL# - - %13 1.6 -
Coastal A.P. 467 21 4820 .e,h-(é 2739 26381 19 0,7 16,0
Telengena 458 102 5387 411246 3681 30647 37 8.5 13.h -
Rayelaseema 185 .36 3075 / €98 975 9086 26 6.0 18,4
Medak .1 15 522 131 512 W23 .59 1.8  15.6
Mahbubnagar 63 .+ 13 10k 145 +.4198 62" 143 6.1 10.3
Kurnool b 7, 2.0 1091 1bT o T8 { 29T 10 1.3 38,4
Anantapur 56 , 15 991 19k 7 2k & 893 29 5.6  149.1
* Wet Irrigated Area.’ ‘;/ 4

Sources: Indian Agriéulture in Brief, 12ty”Edition Governﬁent of India;
Season and,Crop Report of Andhra’ Prad;gh 1975;.%
Bureau of Economics and Statistics, kaernment of Andhra Pradesh,
v

' .
tp
A

tank qizes in the north as” compared to the south can be observed. The avere;e
size of tanks in the northern districts of Mahbubnegar and Medak is between
10 to 15 ha, which is sipnificantlm below the average size of tanks in southern

/

districts auch as Kurnool and Anantapur viph 40 to 50 ha.

In view of the repional variation in denaitv of tank irrigation and con-

-siderigg.the need to make full use of the scanty rainfall in semi-arid India.

the following questions arigse: Why do we find mich more tank irrigation . in |
coestal Tamil Nadu than in coastal Andhra? Why are there so many tenks in
ITeleﬁgana and so few in Maharashtra? Is it possible that some of the areas

with less tank irrigation have a potential vhich simply has not‘yet been
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exploited? If they had more tank irripation earlier which has disappeared

subsequentlv (e.g., Anantapur, Kurnool. Cuddapsh, and Rellarv), was this ...

pérhabs'%ecause institutional structures Aid not sumvort collective action .

"

at c-itical neriods?

HYPOTHPSTA

Distrihutioa of Indian territorv hetween Rritish end vrincelv rule in

1800 cives rise to en 1wpressioh that verhaps vrincelv rule was more conducive -

than coloniel rule to the promotion of tent irrisation (Fig. 2). ™is hvpo-

thesis appears plausible for the followinp reesons:

1.

Tank irrigetion svstems require & strong locel authoritv (a) to generate
collective action for tank building, (b) to efficientlv distribute water
by optimallv allocating it among bveneficiaries and over seasons, and
(¢) to proverly maintain the irrigation svstem, Tt would seem that under
princely rule, local authority was likelv to have been stronger than
under Rritish rule. -

Regarding agriculture and irrigation, British emphesis wes on development
of larpe-scale irrieation schemes to promote production of export crops,

. rather than on local food production (Whitecombe, 10T1).

There might also have been a causalitv, to the effect that wherever

 tanks were physically more easilv established, princelwvrule»vuuld_havé

been comparativelv stronger to hold out apainst the Rritish cleim for
territory: and thus tanks and princelv rule would complement each other
(Mittvorel, 105T). ' o

Tn the literature on devélopment and change,,fhe dispute continues on

the irportance of institutional factors on the one hand, and economic pavoffs

and relative resource endovwments on the other, as nrimary ceusal determinants

of chahge (Binswenger and Ruttan, 1§7h)¥ The ahove hypothesis, if accented,

would indeed strenptben the arpument: of those who maintain thet the institu-

‘tibnal-frameVDrki as expressed in the differences between.Britieh;and'princely

rule. dominates natural conditions.

e e + | . § e S T G T B e WG @ P wems e

‘YFor a review of the controversy between institutional and. economic or tech- .

noloricnl Aeterminism, see VW, Ruttan: Tnduced Tnstitutional Chanpe, Ch, 12,
4n W,P. Binswenper and V.V, Ruttan, Induced Innovetion. : Technolopy, Insti- -
tutions and Development, Baltimore, Johns Hopkins University Press, 1978

and Fathan Rosenberr, 'Kerl Marx on the Feonomic Role of Seience,’ Journel of
_ Political Feonomv vol.B2, ro.k, July-Aueust, 1974, pp T13-T28.
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‘ ~ Figure 2 o
INDIAR AND BRITISH TERRITORIES IN 1890

\ seconn simi nmn
el

-

. imﬂya’ﬁ ‘suu.: . |

British Territory

d - . e
Source: C. Collin Davies, An Historioal Atlae of
""" the Indian Peninsula. Second Edition,

~ Oxford University Press, Madras 1976,
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~ On the other hand,lif it wes not true fhat princely rule hed a strong
impact on the creation of tank irripetion. svstems, then environmental factors-.
éuch ag nomlation densitv over tire and nhweieel cénditions should he the major
determinants.,:Tﬁé'téstvof the above h'mothesis thus had to Be.sét up 80 as to
'measﬁre the depree tb which thése environmental cdnditions vere relsted to density
.of tenk irripation, and to testlvhether the 1nfiuence of these factors differed

significantlv hetween areas ﬁndef.Bfifish rule énd princelv rule,

MFTHONOLOGY AND DATA |

Areas under British and princelv rule were iden£ified from a népbfﬁavies,_
107€), Adepictinge ‘Indian}and Rritish territories in 1800, ™e year 1800
appeered to bé;;pprnpriate for di?ferentiating British and non-British areas,
because in tﬁe iﬁter vears verv fev territorial changes toclk nlace until in..
dependence. Also as shown above, tenk conétruction under nrincely rule (as
ih,Vvderahad Stafp) exverienced its mnfnr gnurt onlv after the turn of the
centurv and slowed doﬁn sirnificanflv after independence. At the same time
no major effort was made in the Hadras Presidency under British ruie to expand

the already existing tank irrigation caprcity,

Anv differentiating influence on freouencv of tenk cohstfuction arising
from differences in lepal and aﬁministrntive qtructures under British versus
princelv rule would have meanifested itself durine the neriod after 1800 and
wquld still he measurehle todav, and thus might explain averare tank densitv
at ﬁresent. "Also, if fheré was a casuai relationshin of tanks supportine:

- Prinéelv states, thiéﬁﬁns 1ikelv to heave been reflected in the division of

the territorv as it wes in 1890.

Data on 165 districts vith semi- a.id climateq were collected anﬂ the
_follnwinp variables reoresenting phvsleal dnterminants of tank irripatinn a8

expleined in narentheses Vere pnnﬂrafeﬂ
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TIME:
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Geolopy of subsoils with grenite underground using dummy -
varisble (granitic underground prevents percolation and
is conducive to tank building). ' ;

Average vepor pressure over the veer (high vapoi' pressin'e'
implies hiph humidity end therefore low evaporation losses; -
thus high vapor pressure would de ‘conducive to water storepe

~in open tanks).

Average amount of post monsoon rainfall (the more rain,
on the averare, falling after the normal end of the mon-
soon, the higher is the probability of having a full tank
at the end of the rainy season, and therefore the higher
the pavoff to irrigation),

Averége total reinfall per year (the greater the rainfallv, .
the less the payoff from water storage and therefore the fewer

_the tanks).,

Weighted average of soil moisture retention capacity (the
higher the retention capacity, the more smter can be stored
in the soil and the lower 1s the runoff; thus the lower the
payoffs from building artificiel storage devices). '

Averrge intensity of rainfall (average rainfall divided by
average number of rainy days: high rainfall per ralny day '
imrlies runoff and therefore supnmorts efficiency of weter-storage
syrtems). o

 Total ﬁopulation density in 1971 in linear and squered form

(number of persons per hectare of geographical area: the

" 1inear term is expected to be positive and the squared term

'SPOP! negative).

Year in which density of rural population is estimated to

have passed the level of 100 persons ver squere kilometer L
(setting year 1900 = 0). These estimates could be derived from
data avalleble statewise; only adjustments at the district level
could not be made for iack of data. , o

The cholce of the aforesald variebles as major environmental factors

affecting tenk irrigation was made in line with results emerging from related

studies presently underway at ICRISAT. Statistical analysis of rainfell

runoff dsta indicates that, with equal rainfall, there is more runoff from

red soils than from black soils (Ryan and Peréira., 1978). A survey of farmers

operating in'the comend sreas of different irriation tenks shows thst in

red-soil areas tank irrigation is more profitable than in 'black-eoil areas .
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(see Part .II) ,- and experimental evidence on large-and lsma.ll-eca.le plots indi-
catés thﬁt there are no economic payoffs from supplementary 1:rigation in me-
daium to deép'black soils, Unfortﬁpately, lack of data made it impossible to

include a variable measureing the tovography of the districts.

The inclusion of population density in 1971 (ea.rl:lef data on districts .
' as pfesently delineated were not evailable) implies that we expect to obseﬁgS
t.he popul,atio‘,n',effe.ct_ pn‘ta.nk déngity acrnss regions expreséing ﬂ;self as it
was hynothesized to do over time: i.e., tank }irrigatiicn should increase with
population density at a rate >up toa ma;;immn, beyond which tank irrigation |
fells aé population riégs. Since populatidn in different parts of the‘.couxitry
passed through these stages -- critical for tank‘cqnutruction -w 8t differerit
times over the past century or more, a variable was needed which would permit
at 1éas£ to approiimately asgess the effect of thig tin_\e dimension.s There-
éore, estimates derivea ﬁom statevise date on rural population densities were

included,

As & dependent variable, the gross irrigated erea from tanks (TDENS) as
percent of total erea cultivated was computed. For this, the average of h
vears (1968-69 to 1971-T2) was chosen, because the genera.‘l.ly good rainfall

"aring these years permits the aasmption that a.11‘ of the tank irrigation
facilities available ﬁm ﬁetumy in use, A regfessioh model was specified .
'TDENS = & + b, (GEOG) + by (VAPR) + b, (pos'r) + b, (TOTR) + b, (SIND) +
bg (INTR) + v, (popn) + 'b8 (sPoP) + b, (TIME) .
This model was apnlied on tirree different sets of the above data,
( ) (‘ombined set of a.ll 165 districts (2) British subset of T0 districts

under British rule, and (3).Pr1ncely subset of 95 districts under princely rule,

973eelly, tire series data on tank irrigation and population, covering say
100 years for a cross section of several aistricts in different regions would
be required, for ‘a proper statistical measure of the population effect on
tank irripa.tion. .
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RESULTS |
Table 6 sumarizes the soefticients and the results of this statisticsl
exeréise to explain differences in the Aensitv in tenk irr-ipetion in the semi- |

erid tropicel states of Indin,

"he hvpothesis that there is a difference in tank 1fr1gation befween '
British and orincelv districts had ﬁo be accepted.‘ The appropriate ¥ test
comparing the error sum of squares shows that the intercepts and the sloﬁe
coéfficients for the two data subseté differ significantlv, Thus, it is or-
‘ganizetion and legal conditions, as far as thev aiffered between British and
princelv rule, torether vith phvsical and. penpraphic.cnnditions, thnt determined |

the allocation of tank irrigation in the past. '

In the British as well as the princelv sfates, phvsical variebles ircluded
jnto this model explain ahout 50 percent of the variabilitv of tank density
for both aress the coefficients for the most jmmortant factors. geology and
porstmonsoon reinfall, are remarkebly close in magnitude, inﬁicatinz the
gmilerity between the two repions in response to natﬁral factors when allocat-

ing tank irripation facilities.

Population density and tire are highlv significant only in the case of
the non-British data set. FHowever, the coefficients of all the three data sets

{ndicate thet tank densitv is maxirum at total population densities of 220 to

6&0 readers of earlier versions of thiz naper (M, von Cpnen. Binswanger, H.P,,
Institutional and Phvsicel factors affectine tank irrigation density in Indis,
Decerber 1979, Mimen,) this finding may appear coatredictory, The expleanetion ’
is that onlv after including the two variables of population densitv together with
 time &8 specified sbove, Aid the sienificant difference betveen the British and
the non-British_data sets become apparent. Tnclusion of these two variables
inecreased the R of the non-British set from 148 to .60, vhile it did not affect
the British data set: i.e., only in the non-British districts did population
densitv over time have a very simificant irpect on tenk densitv todav (Table 6),
This finding was confirmed by a test, in which a durmy verisble (British Set = 1)
was found to he significant ard interaction terms hetween pooulation density

and this dummy were not significant.



. Table 6. Variables and coefficients explaining variation in tank densities

Data Set  GEOG  VAPR  POST TOTR emp TmR FoPp  srP  TDE DU pporo? pspop® proe e R S OF

Combined ¥.78° 0.€0° 0.026*® .0.002%% .0.5% 0.06 0.96 -0.21 -0.01b ' -9.191 ©.503 3225.7 155
(5.45) (h.04) (2.20) (1.98)  (1.3°9) (n.53) (0.,20) (1.15) (1.09) : .

British €.38¢% 0.56%%  0,056% -0.002 -0.29 0,19 hA4 -0.08 0.007 -17.526 0.5™3 1903.0 60
(3.63) (2.11) (3.00) (1.35) (0.34) (0.65) {1.20) (1.22) (n.3%) ' :

Hon Britizh 3.40* -0.18 .0.0M6* . _0.0004 -0.88% 0,003 2.73* -0.62*% -0.161" © 18,742 ©.60h T05.3 85
(L.37) (o.94) (2.56) (0.26) (2.67) (0.02) (3.29) (k.h3) (7.55)

c;;:i;ec ' L, she 0.Lks5* 0.033% -0.,002%% _0 _B6ne o..1.b6 “1'..he - -6' h3 ‘ -o 095' -19 lu" 2 09~3~3—0- -‘0"59;:.-.0‘ Loy 0341.2§8;.51-51
(5.22) (2.15) (1.1€) (1.15) (2.06) (3.52) (2.hk) (0.50) (0.h6) (3.23) -

(2.80) (2.69) (2.31)

H.gures ir psrentheses are

® Significant at 1% level
% gignificent at 5% level

t-values

100N = Dumry variatle: British set = 1, Ron-Eritish = 0
25POPD = Intersction varisble = DUM x FOPD
3)5POP = Interaction varisble = DUM x SFOP

4

DTINMC = Intesraction varisble = DUM x TIME

F test of significance hetween British and Won- British dats subsets:
3225.T - (1903 + 709, 8)

e o

1903 + 700.8_-
T €0+d

(1c 145) (

= 2,43
at 1¥ level)

5

- -~ — — o mnnans

[
-

= 3,40, Thereforse tbé differez.e Ln.signi‘.‘icin‘
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230 persons/kma, which correspondo.to rural population densities of‘around'
170 persons/km°. | |
L. SUMMARY A”D CONCLUSIONS

Historical records nive smple -evidence of tenk irripation hawinp been
practiced for centuries in many parts of India. Statistical analysis of
district data on tank irripation densities in former British and princely
territories in semi.arid India indicates that spatial distribution of tank °
irripation has been determined primarily by physical conditions -- such as
sranite underground, vapor pressure, and late rains -~ and by porulation
‘density. The data reveal simificant differences between formerly British

.districts and princely states in this respect.

The tank irrigetion capacity which we find today in the country was
croated durine different periods in different regions. For'instanco, the
area under tank irripation in the former Madras Presidency a centuﬁy aro was
about the same as today, vhile.in tho former Stote of Hyderabad considerable -
public tank-buildinp-activity developed only.during the first hovyeurs of
this century. Such régional differences in the tiring of tank construction
may be explained by differences in population density: there appears to be
reason tn postulate a minimuc dnnsity of population of about 50 persons/km
above which tank construction bezins and population end tenks increage in mutua
support of ench other up to en udper 1imit of abotu 120 to 170'persons/km2,
theipoint wﬁéﬁ population‘pressure in rurul areas tonds to cause effects that

-"peduce operational efficiency an¢ extent of tank irrigation systems.
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