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IRRIGATION MANAGEMENT RESEARCH IN SRI LANKA: 

A REVIEW OF SELECTED LITERATURE 

I)ouglas .I.Merrey, P.S. Rao and Edward Martin* 

INTRODUCTION 

The International Irrigation Management Institute (IIMI) is collaborating with Sri Lanka's Irrigation Management
Division (IMID) and the Irrigation i)epartment to carry Out the research component of the Irrigation Systems
Management (ISM) Project. The ISM Project isbeing implemented with assistance from the United States Agency for 
Internitfional )evclopmlcnt (USAII)). ItspurlposC is to strengthen the capacity of the IMD and Irrigation Department
for rehabilitating. pOelatilg, aiid mIaii Laitii nmjor irrigation sN'stelis on a sustained renewal basis, with particular
emphasis on strellngthelling la'1 orgatIIi/ltions tiider IMl)'s Integrated Management of Major Irrigation Settlement 
Schemes (INMAS) heing inlemented oin35 major irrigation schemes. In order to achieve its objectives, the Project is 
sup~portinlg the rhahititmon a numbehcr of ibajfor irrigation systems, training and institutional strengthening efforts, 
farmers'l ilga.ili it it us. and applied research. 

IIMI, with LJSAII) Iunding support, is assistlig inthe planning, dc:;:gn, implementation, and interpretation of the 
research comnponent (o'the project. The objectives of the research cormponent aire to do applied research ti)solve 
probllms flacing Cl',01s1L ioinmprovye i rrifaiLion in :,mlage nent, partictlarly under ISM, and to strengthen the capacity ofselectedllnatiolal CsCar_'h (lai,,ai/tinls to catrrv outlluch applied research in collaboration with relevant agencies. Thus,
Luide'r this pr'ij'0ct. IINMI L( i(t calrv ti field research: rather it works in close collaboration with the national 
research organiiatio s tol-evelop appropri ate research proposals and help to carry out the researich: and it works closely

rpresented to 
evilate resicli hPiprOp.sa i. ancL inltepret and 1iakC use of ti resnlts. 

w'vithlithe p\ernilmelt agcnci, ie ol the ISM Research Advisory ('ommittee, chaired by the IMI) )irector, 

At its fil'StnCting, Oil14 September I987, t le Research Advisory Committee requested IIMI to carry out a research 
literature rcvicw it) idcnti:'v what has beell learned to dale, and what research questions emerge from that literaturi.
 
This was a very use 'nl suggestion since to our knowledge there has been no 
such review in recent \,ears, despite the 
proliferaLiin If"irrigation aniiagencn resca :ch. Ti is panp. r reports tile results of that review. It is not intended to be
comprehensive, either iii telms1 of .o\cring ill topics oi in terms of co\ering all the literature oilparticular topics.

Ra!her, the review ficnl, il '.few pailticular topics relevant to ISii!SM 
 Project, and more broadly, to improving
 
perfornianc,, of major irrigation sysltens in Sri lanka: and it attellpts to identif, tle major works oil the chosen topics.
 

'I his paper reports oil: operations and performance, 2) organization and management of' irrigation systems,I) systeml 
3) reIaililat n a nlod erni/at on of i rigat ion systemlS, and 4) resource generation and nobilization. 

The paper does not cover literature oilvillage irrigation or on agricultural issues; the former is outside tie purvie\, of 
the ISM Proict and the latter is not an integral part of its research compoilenl. Iowever, IIMI has recently reviewed
literature on crop divcrsification issues and that review is included as an Appendix. The paper also pays minimal 
attentioi to the literature ol Mahaweli issues, except where particular works were thought relevant to the problems
faced b\' lie IMD adl tile Irrigation e)partnent. 

Most of' the literature reviewCd here -- and indeed Most of the available literature -- concentrates on the larger
irrigation schemes-. A niajor gap in the irrigation management literature in Sri Lanka is the area of' medium sized
irrigation systetms. those that are roughly over X0 hectares (h1a) but under 1,000 ha. There are about 250 such schemes,
223 of which are under 60() ha (Perera 1986): they constitute nearlY 80 percent of air tilesv;lcms above 80 ha in size, 
Ihough onlv ablit 21 pClcen t lilie to talirrigated area under scheies having nore thani 80 ha. 

".Stot .Cl. i. ',1t'i Scat.iiSI. and Viitliimal I~u' iiflnii. hlitinliliinal Irrigvalioll Maia~ nill h)it ic. atle Villagc Kia iankia.lllliet via iiy.Sri 
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We focus on literature since 1978, the year of Chambers' (1978) influential overview of water management issues in 
Sri Lanka. Chambers noted the paucity of work on irrigation management question,,, particularly in the Dry Zone. 
Since 1978 there has been a large solunie of writing, some based on field research. The next landmark was the 1982 
workshop at the Agrarian Research and Training Institute (ARTI). Although tileProceediiigs did not appear until
 
1986 (Abeyratne, Ganewatte. and Merv 1986), that s orkshop brught many researchers and agency officials together
 
and demonstrated that much interesting work was al read\ under wa\. Some Of the results went 
against prevailing
 
assumptions, sparking livel\ debaics durin ! tile
s\orkslhop. 

In 1985, Winaladha rlia (1985,a) edited a vol}hlme conltin ing iseries of articles by officials on various aspects of'
 
irrigation management in settlement schemes w\'ithC not
particular reference to the INil)'s INMAS program. Although

based on research, these provide a good oer\ie, of the official point of' vi'\ Oinho\ things are supposed to work.
 
Winaladha ria (1985!h) has a so pIihIisired a co i pre hen si\e hiligraph\ of' 30 entrie:1 oniirrigation aniid water
 
management issues inSri Ilanka, demonstrating a remarkable c\plOsio off ss1riting on tie subject. This bibliography

remains anl importarit tarting point fOr an\' research on irrigalion iaialelent topics iil Sri Lanka.
 

Ir-,
1986. the ARTI hosted a sen)1in:lr oilirigatili lMaelnielit and agricutural de\elopmlent, whose paper abstracts
 
lve been publishcd (,ARTI 198 ).A coHiparisoii Of the ljualilt. and range of cos erage ii this seminar \ith 
lie 1982
 
seminar (Abeyratne elal 1986) delnolstrates tie progre.ss llade iln research siiice then. ATI
irigatioli ill;.il;.ri'illent 

began ptiblishinig a quarterly irrigatioli !ailrii:enieut ne\\slelter called I\v, t., in1986. This carries short a,uches,

Slmliaries of larer sorks, and news n1i,
Mpers aid piblicaiOiiS. a111d a useful soturce, is thus of \ork currentl\ 
underwas.
 

Some of the iterature rc\iCe\id here is hot "'research" in a strict !,ellSe. Oine interesting aspect of the irrigation
 
itanagUeMlent lhierature Il Sri L.aiika is the extent ito
\which officials tllniselscs hae \\ritteln of illeir toefforts to coliei 
grips with th' problenls the\ face. their experience, and their reactions to research done by others. Some of this 
literature has been inmlui lie se isighlts. Mls it is basCided inc it Oltcin ctaintais tiselu! a Lich of Oil practical 
experience. 

The paper attempts to identify, for each of tie four topics, tile prog ress iiMade and111lesNons learned, aindito suggest 
resarchLILqcst ion s that oughlit be addressed. File aithlitors lipe thiat It ill generate discIssion and feedback as well. We 
\soLId like to hear froin thno \\eho a.in of OllliSSitllIfrm tile Iteratu re levie\wed or errors of commissionoiti.e errors 
where \%e may I\ie misinterpreted or inisundcirstid tilelitel'ail: and \\e \\elcome general critiques of the parer iiand 
.suggestions for iniprosenient for th1e future. 

IRRIGATION SYSTEM M.ANAGEMENT 

Tile liiterature re\ie\ed represents tileexpCrieice of a selected number of [projects inSri Lanka in the broad area of 
svstem management. nleanl ,usLi\e btllproides a reasonable picitte of the iature of tile problemsIt is b\ ino exhi' 
addressed in sariis Ijects. Thie ia ses inictde (GaI Ova. Ka idulla. Ma ha veli, Ma llak.l iadara, and Ihgiiiinlitiva. 

rIMP: Mahakanadarawa lank 

('ti09 a:nd Seitlhinatlhan (I986) describe the plaiiniiL for introllcing rotati naI irrigation intlie Ma hakanada rawa 
Tank fthe Tamk -Irrigatii and NIoder.i1tio Project (IMPI) il ,,,lm 1980,'8!. A major objective of'TIMP was to 
introiduce sswater sasin irrigation practic's such as: I)earl, r.sossin using early rainfall inmalia. 2) cutivating rice 
varieties With Isliot grOsing per id s, and 3)rotail lnal \\.ler distributin. Maii I98()/8I \\as a palricuharlv difficult 
year swith tllu,Ilv lo\\ raiilifall a il on I fi\e \ater issties wsere nlade between lDecember 2). I98)8 I cbr\ta r\15,iiind 


1981. 

Lif deliser\The preparat tion s'vwater schedules anil operanilmail Itidelhcs ffr initroducting rota tional distribution 
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practices, training of farmers and officials of the Irrigation Department, the organization for the O&M of the system,
and the problems of conv'eyance of water in a canal passing through four or five minor tanks are described in detail.
The farmers are reported to have been gencrally cooperative and ti have 1,ried to follow the new water schedules when 
they developed confidence in tie system. Particularl\, the faraners of the tail end areas were encouraged by the 
equitable water supply. 

The paper makes ten recommendations for water management based 	 on the maha 1980/81 experience at 
Mahakanadarawa. These include inlnpros ing the main ci aIs through by-passing minor tanks and double banking the 
reaches passing through deprcssions. lining \where serious leakage ,ccurs, and the absorption of the private farms 
irrigated from the tank aniid providing then' with on-farm irrigation facilities to practice rotational irrigation on the same 
basis as the farm lots of the project. 

Mahaweli System II 

Gunathilaka (I 986) describes the \\ater nmanagement practices adopted in the newly developed lands under Kanda
lama, Danibuluto a anLd Kala|\\.Ia rccrsoirs in the Mallaweli 1Iarea. Hc describes the channel systems, the control
devices adopted, the originall. proposed water distribution system as per the designed weekly water requirements, and
the operational stalf iind their responsibilities. lie alsO dcscri bts the practical difficulties in actual operation, as the 
cultiation cal1nar is 101 I'0 lhIed b\ the tfariners for a varietv of reasons. 

The author mentioiis that fanrm'er l ucarion helps proper ws:ater ianagement bul by itself will not reduce over-con
suilption of \water. In the I sence of a S.''stelil of water charges based on soluime of water, lie suggests that a farmer has 
mio incentive to reduce Ii, c01sunition of' water. The problem A' motivating the field assistants, the importance of 
hav ing accurate I easuIring structrlCs 0nd giates, anJ the need for better methods of comnunication such as radios and 
telephones are discussed. The author emphasizes the need to deal decisivelv with the minority of farmers who break 
the law by taking legal action. 

An evaluation of the performance of water control structures was made in the early 1980s in representative turnout 
areas in several irrigation projects micluding Mahawcli System 1I, Mahakanadarawa, Kaudulla and Minneriya. Corey
(1986) reports oii the results of the evaluation, wit!i speial emphasis on the water control procedures in Mahaweli 
System h-I. In this system. detailed observations were made on all of the structures within seven turnout areas and less 
complete observations in several other turnout area. . 

Corey (1986) make:; several critical observations of the water control situation in the seven turnout areas. These
 
include:
 

I. 	 Not one of the weirs installed for the measurement of flow in turnouts was usable. The elevations of most of 
the turnouts weic too low to permit weirs to operate normally; 

2. 	 Out of the 83 allotments receiving water, only 40 received it through authorized project outlets; 

3. 	 Boards for controlling water flow at the outlets viere not being used

4. 	 Concrete in the farm outlet head control structures was of very poor quality. Many of the structures were 
crumbling. cracking, or both: 

5. 	 Many of the original farm outlets were placed a, too low an elevation to permit irrigation of the land intended 
to get water from these outlets: 

6. 	 Rotation of water distrihution, where practiced at all, was done in a haphazard manner with little supervision.
Farmers at some of the turnouts tried to use a continuous flow system rather than a rotation. The Lurnouts at 
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lalrf
the upper positions of ditches removed too iLuch s InihC dilch \\'hen continuously open cspecial!y when 
enlarged by iarners. Adequate supervision to close these outlets was lacking: 

7. 	 Of the S3 allotments receiving water from one distributary, 33 \ere operated (during that year) by renters and 
not owners of tileland. 

8. 	 Maintenance Of Structures, as well as ditches and access roads, was virtually always poor: 

-). 	The prctbleln of water supply for tile a whole was being aggravated by the practice of issuing water tosystem as 
the turnouts for land preparation. The farmers were using too Much water for ploughing and the "mud 
plastering" of buinds. 

Corey (1986) repoirts tllt the continuous flow system was \\orking more smoothly in the older systems (Kaudulla 
and Minneriva) than in Mahae\\cli System 11 mainlv because (ie farm outlets were designed for continuous flow [i.e. 3 
inch (7.6 cm) rather than 6 inch (15.2 cm) diameter pipes]. I lowe0 er. the( lack of discipline among farmers due to 
renters and enCrocher was very mu1LCh in evidence. 

The turnout structures fOr the Mahakanadarawa project were nioderniied two years prior to this study. The system 
operation and water distributionl seemed to have improved considerably after Modernization. Tile author believes that 
this experience could be profitabl\ adopted else\\here. 

Gal Oya System 

Widanapathirana (1 984) describes the Gal Oya Left Bank (II) water management data for the 1983 -,ilo season. 
ARTI was involved in s'ile aspects of the Gal Ova rehabilitation project. Two of these aspects were evaluation studies 
and monitoring the effects of tie changes resulting from rehabilitation work, and research on water management. For 
this purpose. ART!had been conducting a Continuous farm record-keeping exercise for selected farm,rs in the left bank 
of tile 1979,'80 niaha season. seasonally isGal ()\a scheme since the The presentation of such data in summary forn 
uselil for evaluation studies. This. repi rt yala cultivation Ini 1983 is the first of a series of such presenltations byfor tile 
the ARTI. Data on reservoir storage and land anl iori/atiol, watCr issues, rainfall, plaining and staggered cultivat ion, 
resource use characteristics. aid agricultural production Supplemented with important aspects relating to systems opera
tion are included in this report. 

The system of' water deliClery throughout the yala season was rotational after a continuous water issue for the first 23 
days. In addition to one issue for land preparation and pl.ilting, ther, were nine individual rotations whose duration 
varied from two days Oil- four davs off to 13 days on - seven days off during tile Not all the rotation schedulesseason. 
were coiivC\Cd to 'arniers illadvalCe..\s a COnseLiLeilCe. there was some dissatisfaction allong farmers in various areas 
of the schene. 

The average (lun wCightCd mean of a sanple of 315 farmers) yield per acre inGal Oya LB was 53 bushels (2.75 tons 
per ha). The cost of unnilled rice production per acre based oii a sample of 270 farnleis was Rs 2,234 (Rs 5,518 per
ha) excluding fanily labor cost and R,,3,059 (Rs 7,556 per ha) if family labor cost was iicluded. 

The report provides a useful summary of water deliveries and agricultural productiCn for one season. 

The paper by Wijayaratna (1986a) is a preliminary analysis of data based on the Gal Oya LB system pre
rehabilitation studies conducted by ARTI and Cornell University. The data collection scheme and the development of 
a Water Availability Index (WAI) are described. The paper focuses on the specific objectives of: a) the increased 
involvement of farmers in allocation, control and maintenance; b) improving the equity of water distribution: and c) 
increasing its reliability of timeliness all of which are of prime importance in water management. 
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Soie aspects of thii' past perftirIlia ice ol tie s.vst ilii are described. Important causal I'ctors l'tOr unes.n distributionof \water aire l ipt1, under t\O I12eads.1 oiph.xitv of th t e nsystem and physical constraints, aiid constraints related to 
reSOuL'rce Ild lla\ ior 01' tl e pairticilpalits (Oi IratOrs a1id users). 

'N tel Iilt.er-reaiutestills a.re addr'sseCd in dis"c,isn- the i11a1t:Ci01Of selected lactors an syvsten rehabilitationanlld nLI'rli,titinl1: are ,*,,tenltope,it tOr,, "ctUIll\ ab le Ito control \wter at all lese ill tile s\stel aS intntlld.I and can
the' reas, nialh\ dile'-ate silet., if, the respi insiblilitCs of ilIalnCIIICIIt to the "'user'"'?
 

Iolr ,.,i icillt.1
di cseld ill al1,\ r ht1 flit ib0te qle,.lit0is.: 

I. The liitur. tu(i '\lrtuit dte\riorltion W,te i:ifl he. rateAtC whi n,.:curred)
tirme call lor aeti ts otlt)¢llemeilt an1d colllboratil of both tile I'armer and the irrigation burealucracy 

itih oc and its "'stlatus"at the given 

at all
sta.Cs. nalt. that of dt.i,in, CtIul,,lrt.'linl;it0l t 0101:1uop1rationad m inleiince (OMM). 

2. Ati\.e arli,,ipallitin o1 tile users i ,, stem m111111it i, lltC:nel \ hcan.,_ of the disparity between th,"latt.I' and lCtlt;i cmnill ;itil eata id icrea ill the nLmiberL' 01'ooplIatol aid oIei':llional holdings. 

3. Inl l.,itl ,'tioii011i l n e C e of cltivaton operaTtions, tl indmiiduad farml in, the Gil Ova 1.1 syste'm
inLicatt thc nted fur delCiunlol tf s.tlli \,4stem llanuceliell rei nsiblliit,, h arImrL,. 

4. hlnatdh.'qu:1.\ tr'ouce, aa\;laleI t10 the etit peratt' Ille t'h1e1itl conllllitiiii of tie I. ssVeII) 
aso caills . Ilitr lelti (itf J ,,.'tnt nlMlii litt resI' iis"ibilitie,, 1i0 (Il fiultuers.
 

Ill hi,, PhI.). thesi,,. \\'ija i t98ttll,i lakes, hi, re."eaMch on tiltekt Bantk of'( 
 al ()\I much firthe. The objecise oltll, tul ssas ttl0lild"t ineet.ulti/e tIe0e- tp n Ilsl] ti.ll ilarlework to ases the iipact ti"iipn'ied \w;ater tllnagenw'lnttin tle prcductitttu peiliiitiie t, an iriatituln '.\Ste111" (see V'itja alat I)98b:1()1. 256) Althonh ite rehabilitation
 
110rati-:l b'ai iIl ac1.tua1 ll'
I ,l ). lrestt ittitin of 11W sieal system'wa delaw kmdt o Oive ;,. ence l si, ill l I 'nc frilthi, stuIld ,iltsrin 1IC pr-rehllililatit i, ittititll. Bas il ti resrcl [fri ti11 ) I 1982. the W..\I Ctcelp is des eloped
fitiher ltld t.fhile': tlhr is,hasd oil dalsh obser.r\atiolt (tf \latr sttuli larg 
 , alLpl9'et ifadtl\ fields. broiken Intt the\t'tll \e ald hlift'Midric i es t. I \i , 


.'\iial\,,is t! theC IMtt'rIl ti'tributio,1 n 


aid l AlitidCh i ,iti e'ctirrelWititii til' iCIl .itil \V' is s it+'.n. 

' \\liter o time alilld ,,lit_' tSI)llte I11 res1Cas illificant variailns il WAIatSo ',isiti.." \\ itllit ststeni,, .f' the lft baik. anid 1111t112 lis s\ ithiti Utibs11tns,a1 modlel' of the,, ;intd

",.eniU. \\'ijaslaitat I'tUlld thai there 
 \\, a lr'atce.r de'rCe' of s1ali0tiIlinl a\+lL ll betwen head and tail ofstbl ,tems (branch ci;nls) d., offlddi'ibutLr\ Cltatitils, tlp.rateIf b the lrClali itlll Deplart11nil thai ;i, lower levl, of
 
tte s\stelli Iialicd b\ flrm.'ers. There \%a 
 aI,,so a lar-, .Iratioll ill \atr 'ltppls allul sub"),tc,, ls. Sllce the ma1,1inls.\SIt ciutlnibutrs st iiiu'f of lt tutl aiuilitsI il \lter 1i11trilitiln. ofl variatioanld lili' nllu,nitud, r o mitllch
hi21er at tlt', 10s e. lIle Ctiiliude.' tht ii ilIoitln t0l \IF 
 'cattle suh,,teitt Mil ditribttilar\ channel lels \ould have 
the vreal-ts, impact tOil ds. 

\\'ja aratnla u,,e,, i umbllelr t0f ',tplhi,,tiLttId Ml:el toollto eitlat the \iflI gap1)-- thilL1,1 bet\\ele actual and 
,iiteiial yields -- thea~i1+l i'nitribittitti1ificraSCLd U1h reUirrilli11 

litt Itlhis gap'+. Ielellc ethod, (Ifatiasis,silt lethriniliCnllrt \alter distrilbutllli. \Aith 1l signlilicait illlplC.t Oil 
thit alluregate ields couldi&ds ill \\ater albUndanlt areas. 

Since abtut 40 IIctititf thle .\Mdell 1is duie 1\:lt a ; nd1the hl:iiice Lu II tither fIct us, it is shio\\ 11tha.t 1lih0ugh therelailiallin tf the s\' iltll titl 111;1\ be itisitficint to incredas , ,i iticailltly ullss otIli.er actors are also addressed.
iistimt sed t ili i iii tm\uld plhtbl. haiik e ai inteil,'is ' itLpact. so1the rehallbilitltion id eflorts t, imprl'O\ 

l1iliI.A.2Ctn lt alt'1tic li:uiii ustilit,d. 

.,'-. 
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Kaudulla Studies 

Goonasekera (1985) studied the case of Kaudulla irrigation scherne and its water management for his Ph.D. thesis. 

Based on several seasons' research at Kaudulia Scheme (Stage i),this is an attempt to be more comprehensive than an 

engineering study. The study reports observations of problems in tile measurement of irrigation systemon scheme, 

performance. and the socio-ecenomic context and roots of the problems (with assistance from a sociological tudy 

reproduced as an Appendix). with particular emphasis on problems within the administration (Irrigation Department). 

Goonesckera exalines \arotis alternative arrangements Ibr improving tilesystem by creating a greater sense of accoun.. 

tabilit\ for s\stem perlormanIcc, and iut .tton11illy tarner responsibility with tilerod uci ng financial and \lability and 

state as hc hind-tihc- cClies hen efactor anI beneficiar 

result of severe deteriora

lion Of tiie 
Some specific lndings include unreliable and inadequate water supplies to the tail end, tile 

physical s\stCiii (in.'adequate controls, erosion and siltation of channels), as well as design problems (such as 

long ch:nnels). Poor maintenance "sas relaied to insufficient funds for inaintanance. Serious water problems weie 

exfpciecCed b\ 20-30 percent of the farmlers. A breakdown in institutions essential for the engineering system to 

lu nctinm %as identified as the molr constraint causing irrigation difficulties and social inequalities at K ud ullai. W hiIC 

reliahilitatiol is feasible it ciallbe .utifiCd eoomically only it tile are strengthened. "Todo this,instiiutions for O&M 


livation of iana-crs.gcileration o filnance, tie svstein mr organiiations, and elimination
frol for maintenance, fa,'n 

of polilical constrlaint, \\ill be reqlulired. 

ioonesckera's siuggcstions milIde: the IieCd to de\ eI'1p more effective institutions for systein man'agement, including 

at co11111111\ IC el: tie need aintenancc of the system since tileIto gencrate resources for ri national ectmonly ca::il.t do 

Iis (lie gi\es lo\\ that if curreilt O&M fees are collected, they would be three times the present funds givenesfigures to 
by Lo\erilcllt f'r naitenuaiicc). IIc also shows that the evaluation of+system pertlornivnce, especially with limited 
IrSoIces, is \ers difficult. 

Some research r-.colmlndations include: the need to develop loW cost electronic devices for flo-w monitoring: the 

nleed to descl(Op aMIflcc:isc irripation nlagement extension service: tileneed for long term research efforts to esal uate 

the reasonis forIo pI dutli the eIed for research into institutional and organizational aspects, farm level reuse ofit.\: 


sedrainage, design of ef'lcCiiid eIcOmlical flow control structures (including why prescnt designs sometimes fail),
alterlis irligat iii ,,'steii Ia( (ts aid nialii genlei practices to pionote cultivation of other field crops, aiid IlosV to 

redesign old s\stels ccoonlicallv. 

Overseas Development Unit of 
Ilydraulics Resear:i. \Vallinglord. UK iii A report by Abernetliv (1985) 

Aniolher major stud\y Of irrigalion water management at Kaudulla was done by tile 
collaboration with the Irrigation Department. 

reviews, the llcaslreients iade duriing 1978-83 an;d. based oil a detailed anlal\sis, makes proposals for ne\ lianage

meIt methods. There \vas also a series of interin reports irepared beteen 1979 and 1985 while the studs' was in 

progress, referenced iin A second report (Abernethy aind Weller 1987) discusses tileAbernethv (1985). work thai was 
contiiiued for a further tMs'O aiid deals with tile within small-scale farmer groups illsears (1983-85) water distributioi 
selected tracts. The Kaudulla stud\' and its twc. reports represent a liajor contribution to the understanding of the 

performance. operation, and Managenent irigation system. Major findings of' these reports are brieflytile of aill 
reviewed. 

Situation lessons learned from 

the measurements, aiid on the basis of these, develops a proposal for a nl'Wset of'managemnlrlt procedures in which a 
lilicro-coipiter would be LiseI to assist decision making. 

Abernethy (1985) present,, a concise factual resies, of tile inKa.audulla, identifies tile 

vste,' t'ticicY. The field ecasurement program aimed to discover-how much water was available to the system, 

aid hos it ss'as being distributad Within tilesystem. flow nuch water do the croips at Kaudulla need? There was 
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little \ariatilon fron \ear t) Year in ptential csapotranspira:lion (El). The maximum is 0.272 inches/day (6.9
nlin /da ) III IisI',1anid the ininumn 0.134 in 'la\' 314 iinl dL )illDecember. The overall elficiency of the sIstel, 
illeallilnh priopi rtitltile ii all \ate r isSLCd I' in tile tank sluices that is eventtually used by the plants, was 42.9 percent

+aia. and 25.0 prCeint ill little nse of direct rainfall. 

about 20 prcent on aOn 


ill mlia. [he st,, n\4k0111 The area cultivated tends to be less by 
eai c ill\ala than in ilha.i len illough raini'allinmaia is l'our times more than in yala, and 

make,, a additional 28,()) acre ftt'l in1i 1-4+, h ierl.) available, there is no reduction inlanlk issues, which average 
38,083 acre Ifct (4.697 ha nietis)in sl\al and 39.625 acre feet (4,886i ha meters) in malha. 

(ro ip \ater ivieIIIIllICiire both scastvll, aire ati 19,324 acre I'eetahut the samne (2.383 ha meters) in maha and 
20).031 acre fet iI \ala ' liri lhe\I. ie ersho\\S, that tilemain del'iciencv of tlhe.system is ill its inelhcient 
utili/aton of rainll. l)i tilte perioed , tilelfstli\. sa\ ings of the order of 20.000-24,000 acre feet (2,466-2,959 ha 
meters) \ rc lciId I 1i:N11ii i , I \ thle C1:ld c1\effect ofl"earlier plantiig anid rotation of issues. Tliere is 
relati\ehl ittie sCOpe or iIpr'ClemIIt tile do n10t seelill oIer ls.es. ,lichLI unsatisfactory at their present level. 

Thi (l
i,L,. Relatike \Vatir SUppl RWS: the ratio 0if water supplied to tife crop recluirement) as 
issued rom i' lnk in,,Iicc,,.in of 2.5-3.1 inlthei,, the wlice mahia ;easons aind in tilerange of 1.3-2.4 illthe \ala 
season,. The supp\l., is inadclUMte in at Icast Some ala seasons. The RWS at the tank sluice should be about 2.0 for
acieqtnac,, 

A'\s t0 productsii, iels \'ried froni 2.1 tolsl 1a to 5.,: t/ha. The average yield in maha is 3.93 t/ha and 
corrcsponcdS t0 a pridUccti,\ itss aune iif (.252 kg per Cnbic meter o! \ater supplied at the tract. 

Iik~ll!~vT. The LLeStion ineclnaiit. distributioo in tile o1'water received considerable attention and a new metho
clologv and a nc\\ piranlcter \\CV w,'.in .,tld\. The field leasurements have shown that there is significantc hi, 

inequali tyamongliii! the deli\cries ti 
 the \ariOIs tracts, and fuirtlier inejualitv in the distribution within a tract; the scale of 
ineqtalit, is such that. on averac, the most fortunale 10 percent of the land receives at least 2.35 times the water
recciCd h\ the least forttiinate 10 percent. l)eiieries are also not uniform intime, and fluctuate widely. To cope with 
the soUrces Of'iieMilit.\ , there ,eenls Itoneed to issue f'romlrthe tank sluices well over twice the theoretical needs, just to 
clitent ract tie efl'cts oft l eual diStribUtion. Such a policy would over-supply most of the laad, and the excess supply
to these ficils, \\ on cI iltt hle prolucti\c: the wastage (fl e to this problern is likely to be more than the losses due to 
seelage. 

S+ilM)I'0
It'll I jlltljlo.a. The main proposal I'or introducing new imethods of management in tile system is the suggestion

of anioii-site Il icrO-coin pu ter at the Irrigatioin Eugineer's office. 
 It woUld enable him to make better-infornied decisions 
aholit waerCIdistrihut ion. \\hich should lead to reduction of inequalities, better response to rainfall, and reduction of 
total water derland. In the longer run, this should mean that Kaudulla would make less demand upon tilesupplies of 
tile
Mah..i\el i sv tem. with no loss of" prod lictivity at KauiduIla. It should be possible, with better control, to improve
yields with a reduced total \\aer supply. 

To tisc a micro computer mnaiigement information systems to its full potential, Abernethy (1985) says there are threemain physical requirements inthe field: water measuring facilities (preferably automatic); head-regulating structures;
and better coin1uIinications. Developnient and evaluation of such a system is expected to be a three-year program. 

The second repo,'t (Abernethy aid Weller 1987) presents and analyzes field data collected in the two-year period
April 1983 - March 1985 inthree small irrigated paddy-growing areas of 50 ha (120 acre) each within Kaudulla
irrigation system. The data for the studv were collected on site by Irrigation Department field staff. The objective 6f 
the work was to investigate the questions of adequacy, uniformity and timeliness of water supply within some land units 
of 50 ha each. within selected tracts. 
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No flow measuring arrangeinents existed in any of the channels. The i. -asuring system was based on water level 
observations at existing drop structure,; which were calibrated. These flow measuring structures divide the study areas 
into I9 sub-sectioIns, each of, \\ hich receives all its canal water deliveries from outlets that lie between a certain pair of 
measuring point,. [he averalge area in a sub-section is 19.2 acre (7.76 ha) Water levels were recorded at each of the 
inCasuring ptoin1ts uc. daill. 

The min111hcinch|I-Ions dra,,,|l 1it011 a aiy/in tile field data include: 

A L'tL H..Nithree areas. andall 19 sub-scctioas. in all seasons of Measurement, received sufficient water for the 
needs f'a rice cFtl,. 1I195 Ipece'nt of the data, the water supplies were significantly in excess of need, and must have 
led .o signlicanl \\ asta1c of \\aler. The parts of the system that receive less canal water make better use of the 
aIvatil'iblc rain. bul the pIIpIMrtiM! 01' rainfalli that \was effective for crop growth was generally quite small, and on 
I\Crag" it \ a:, lo,s thana 2( pctrct.t. 

f CMaal sithil 
:,stei. \Vhcn the Cittribmitm tl retained rainfl'all is included, the inequity is reduced. Inequity is not a great social 

V.Ia 01qt'i \\' ttCr distributiu0n each of the stud' areas was worse than in the Kaudulla main 

problem 'lahce the supplies (I' \ater are generally adeqluate) but it implies waste of water where people receive more 
thiat th,'. ICiLuirc. It i', I an(l tile rcasitu \h\iII sonic' seasons, tile voluine of wa.ter in the tank after tile inaha season is 
not suff!icieat Ifr a full 'ala cutltivaItion. 

I. The timing of \witCI deliveries \as erratic. This may be a reason vhy farmers wish to keep high levels of 
water in the fields, and ate hire OIftCtl unable 1t retain rainfall when it arrives. In tile study areas, it appeared that 
in the great majorit\ of' cases larmers were keeping average standing water dvpths in excess of 2 inches (50 mm) for 
nea rlv all of the seaison and in excess oft4 inches ( 100in) for a substantial pat. 

Inginimifiya Project 

Franks and Ilarding ( !987) de;cribe the results of research into water management practices during the commission
iio ol the Ig:iui6t1i a irrigation project in central Sri Lanka. This is a 2,500 ha newly-constructed rice irrigation 
settement scheme. It is situated oi the banks of the river Mi-Oya and is supplied by two main canals, one on each 
ban, ol the river, off-taking f'roim a storage reservoir. The research was designed to provide practical answers to the 
fol lo wi g questions: 

What, in terms of' water use, can bc expected to happen during the early stages of project commissioning? 

What management practices should be adopted, 'n the light of this? 

What effect will this have oii long-term scheme viability'? 

The research w\as carried Out over seasons 2-4 of project operation; some additional data were available from project 
sources for season I. Water use was assessed by daily measurement of discharges at the head of the right bank main 
canal al.d at variOnus dis tribtitarv and field chantils down the system. 

The analysi of water use was based on two parameters, the total depth of water applied per season (often referred to 
is Ohe "seasonal duty") and the maxiiinu weekly demand. A measure of performance, known as the "performance 
ratio" was defincd iin tWo ways: 
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Seasonal duty at full dcvelopment 

Seasonal duty during commissioning 

Peak weekly demand at full development 

Peak weekly denand during commissioning 

The isuIts Sntjcst tliat ;11nilii dIu ieldC atiL inand tiSs as 	 oft.ie nlI area tkk ice much water in the first season 

i ea'ig,;tiona, 'r iot that it thcreaftcr ilt' ted t nll
:IS rcac';iSt tnhesil es11r 
to dchinC a tarWit i)hMt-o1 Ilad durie c'timk ittnin. It \S ASOlo citctidCd illthe analVsis, that the phased 

I'lill LIc\sCI'tl'lcnt. 	 11n0 lllllt. Thi, takes it possible 

effct at 

P'rojet. '. ab~dilits.
 
tiltrodn'tio~n ol teI. irlratcd land sotldl h\c had nO ,iailia i tt11'tn issi tI",t lileII,:cSibilit\ ,tagc oftlie 

tiMeLittc'inc, iA2CIS ithi 	 ar'c SnggtLIcStl: I) plt illIlrc' iliotaIlt0 L lor t1: in l\ cd \\ cttllllli',siollineSitillillr ncs\ schctiics', 
iti2atc 51 ilt(tt t1 til Illtthe lirt seloill: 2)itStittt' t li \\ t tl tttIc, to ll1 th deSti i C lt it pIte c as its p Ssible: 
tId 3 at t thI llt 't s'ioIa (I irli2Atiotil. IartIl", , hOItld be I'tCCItocti\ ae itC hi ll area tat i1tm tch tf their land its 

tile\ICCl;le 'to. \\tlt It'lr I,l lM It ilL' l. 0oh 5 ltaOW 11110\1 \tttat1 tipliCS, 

Les'.ollls I'elrlnt'd 

Tlie itiiport:attt litiltl,,, .IiItetdic. rtic he,'rc a number of conion clerti"rt.s ss Ila\ 	 These ilnhde: 

.ll difliciull
irr o r 	 %s2rsIlotil. ri li d AHlaiotii ,tItt t lC nlnCC ii ;Illd Cepensisc in ten s of Csotlrces. 

. titotls0 . ;ilI.a IIttattd Cf'ilt. 

2. 	 Mltha s'eol sstLCr dli\ cries :!!C2c'ils iIi aind ra:6fill iS i1tll cti\Cl\ lCsd. I troductis it\ per unit of 

\Ustr i loss. \\tAer it ed ill alta11 e d ill sliheu\aCtr is r s ,cc'.ael h 	 calls 

3. 	 (\kn ilstet elCli\s'rCI'arc it timel\ lot ipadictlel,. id not rCliaiblC. \\'ater distribution is itiequitable at
tl :!,\k,.'ll 1I-lll k'il 	 1t l. l af i s :l'.
tile,Ili1,lil- ! IO V-! ' ;ittlhL' IO ,'\l lIl, Il p tlll 'l 1.ltl 	 1hM 
~lcar~ ei.[i Ciat Ipotat causall Ifactoirs of affairs are 

rclill 1It1! tW 11sCtnI plldcali cttraititsll'Mll. anl1dthe caistraiint's ielatCd to resoatrces, 
the~~Ic~ ~ ~'sseia~ ~a ~~~- is11)a 	 Ir tils state 

thW co0lIle.it\ of the aniI 
iistitttlon', ! !~,.u ,ritors liee l". b. 	 t 0I h and \\lterscl. 

4. 	 \l:tin canW:!!- Ilad doit h: S a111d r'atILltors., cases sshcre the canals areK tt t as edltitilc catol cross i 
sin,_,l-batl Md 1. Iiloli \atr cat i C the S\stlll takes loe tinlailpt interllete nmior tarnk,. alrnii 

iniIl' :aak.l 	 Icloss, hiai es.thilt tllc:,'!s ,,d ,tib eni!li. (Ill a! art ill , tn ctil rC'achI 

itaNtit' 	 1:\C ,_eeerall\5. 	 Thre ar' \s lce1' r.hit Ctco pC'i, aitied ttofolio\\ te Lcsigtcd oI)eation 
ilhten. lMosCesr. thiCI iNctical dilficulic 

ig,, it ilil OLt 1 l !. tin Ir i to Icad in to wastage 

schedllul 0o1nc ct \ eIlOCpe Cd tihlnceCi IC arlC in implement
opeti i'l:an- .!! ! (uiltiatio Cileil',rs h llks( cIil t aiaccd Ia. 

i01 s\ ter I atirtU,' hi\C riliic'ntie\C to akcs\\aht. ,ailctlioldeal of discilline are notlI \ith sOolatol 
cailorcLL'l Hidil thc'teftta e tao effct'l e,.\1:t MlAast thiiltid/cC rtill.ii itti t 1iti'SCl IcCatn\ tatl iiriCe, and o 

lirts etl;laY,.lcI', ntdlease-hoalder ilcs it dilficuil/t to 2t o tt, elI r dic'tiilcd bIehas\ or hamllnarl'as1. 

6. 	 IriT'iitl aaCtILs' atelllhii'er thII tlCS1i11 \dess t1earl\ StIOt, of a project.\\:Il'er I It'\ ile iltle 0if comllnliSSiaiing 

7. 	 Rotlli(nal ssJIU "dasaiillionaI'odIIct, in SsstCelltd,'iatcd r c1ttLl inolS distrabli tili tIlii ead tailladCqilla
iccIll' h' l ip-il 	 ) 
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8. 	 Water measurement devices like weirs are not liked by farmers and are frequently damaged. 

9. 	 Inadequate funds for maintenance and lack of motivation for system operating personnel are quite pervasive 
and lead to poor system performance. 

10. 	 The reasons for low productivity at the farm level are very complex and result from interactions of physical, 
agronomic, economic, social and institutional factors. 

Research Questions 

I. 	 What methods, and conceptual basis for these methods, could be developed for assessing the performance of an 
irrigation system in a holisiic sense without having to collect a lot of data? 

2. 	 What operational and institutional assumptions are made in designing turnouts and field channels'? Are they 
realistic? What is the impact of the design of field channels and turnouts on the operation ot distributary canals. 

3. 	 What alternative water distribution methods and practices that are easy to implement and that can lead to 
improved water delivery at the tertiary level could be introduced? 

4. 	 What irrigation water distribution methods can farmers use that provide flexibility in operations when there is a 
mix of rice and diversified crops under the same turnout? 

5. 	 What are the sources of improvement of the performance of irrigation systems, and how effective would they 
be? Some examples include: 

a) development of low cost electronic devices for flow measuring, 

b) design of economic and effective flow control and regulating structures which are manageable in a technical 
as well as institutional sense, and 

c) providing an irrigation management extension service that leads to better interaction between operating 
personnel and farmers and improved communication methods. 

6. 	 What technical, financial and institutional innovations could lead to improved O&M of irrigation systems? 

ORGANIZATION AND MANAGEMENT 

This section reviews recent research and other literature on irrigation organization and management in Sri Lanka, 
under four major headings: policy and law, management at the agency level, management at the farmers' level, and 
other social issues. In each case it endeavors to identify the major work that has been done, the key findings or lessons 
learned, and the most important research questions and gaps in knowledge. 

Policy and Law 

Policy and legal issues are not a major focus of this review. This is not to say they are not important -- they are indeed 
extremely important. Basic research on broad agricultural well as specifically irrigation-oriented policy options could 
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nlake, a very important contribution to future development of irrigated agriculture. I lowever, the discus;ion here is limited 
to issues that directly afflect progress on strengthening irrigation management inilstitutions, both government and farmers'. 

Abeywickrenia (1986) provides an up-to-date overview of the evolution and rationale for government policy inregard to participatory lanlgelen. After vxplaining tile relatively strong ,overnmental role in the development of
major irrigation schemes, lie Ioles that In !;ole respects governncnt agencies have "faired poorly" in achieving their
objectives. Ilen -, goverlnent Interest ill participatorv management of irrigation schemes if tlis can be shown to be 
more effctive. The result is a let I00 flowers bloom" approach. that is,encouragement of a variety of institutihtlI 
experiments, bi io COitllmlnlt to aly paicUlar approach. 

AI\\is (l986) traces tile histor\ of legislation iil regard to irrigation development and management since colonial
times, and points out 1l1, leisla tiM by, itself cannot bring ;about farner participation, supporting ain argument presented
several \ears earlier by IJphoff( 1982). Ne\ ertheless. laws can provide a broad framework to legitimize and strengthen
such orga niat liln": .\lis (1986) therefore reconimenus amending the turrent Iriigation Ordinance based on the lessons
learned in recclt sears froti eflorts to orgitni/e farmers. More recently, Merrey and Bulankulanie (1987) have suggest
ed that Sri Lanka adopt as long termI goal Ihtle turnover of' all small and medium sized systems, and the lower
distribution po rt ions of large systems.io fariners' organizations. IInplementation of such a policy would require
enabling legislation to provide the necessary framework. 

Sri Lankan policy in regard to the allocation of responsibility for irrigation system management between government
and tanners has evolved considerablh in the last decade. It would be usef'ul to establish clearly the long and medium 
term objectives, and then carry out policy research on what the legal options are, what changes might be required in
existing law and in the existing mandates of particular government agencies, and what would be the most effective 
strategy for achieving the objectives. Alternative models for irrigation management, such as irrigation agencies as public
utilities, and turning system o\nership and management over to farmers' organizations or farmer-ovned companies 
could also be examined. Financing policies are critical ait this level as well. 

Management at the Agency Level 

Since all majot irrigation schemes are owned, built, operated and maintained by government agencies in Sri Lanka, 
one would expect that research to identify the impediments and opportunities to improve their performance would

begin with questiolis about the agencies operations themselves. However, as istrue in other countries, the study of the

management agencies and their managerial performance is still rare. 
 It is much easier to study either purely technical
questions, or to stLud "fal'mlers". with tile implicit assumption that most problems are lound at the level of the farmers.As a result, the behavior and performance of irrigation management agencies has remained a neglected subject, a

veritable "black box" about which any'ole may speculate but few understand.
 

Various studies show%the potential for improvement in the performance of irrigated agriculture through mmmagement
innovations above the farm level (see for example Botrall 1981, Wade and Chambers 1980). In most cases, such
potential isdemonstrated through a concerted effort by officials during t crisis period, or by researchers able to invest
sufficient resources. H-owever, it is difficult for agencies to sutsttin such extraordinary efforts over a longer periodwithout implementing changes in the agencies themselves and the resources at their command. The question, then, is 
how can agencies develop a better capacity for sustained high performance management'? 

In Sri Lanka, a number of articles have been written suggesting reasons for poor system performance that relate to
agencies, or suggesting general approaches to improvang agencies' management capacities. For example, in a report 
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eValuating tile original Appraisal Report for the Tank Irrigation Moderniation Project (TIMP), Ranatunge et al (1981) 
suggf'st that the "risk-a verse strategy" of the Irrigation Department isa key factor leadiny to late and unreliable water 
issues. The\ suggest the need for a strong comprehnsive management strategy. involving cooperation between agricul
ture and ilriation and retraining of olficials inciudiig engineers. 

I larriss (1977) discusses cotriiol and manipulatin11of the (iirigation) bureaucracy by local elites who thereby obtain a 
preponderanc,. off thle herelits. Chambilers (1977) 11ugthat, 0n large sstenis jointly managed by farmers and an1,1t 
agnc0. an iimparlial and indeeCdti I eall cv i nCelCd to execute allocation of water ,unong "communities" and 
tor sone pros iion Ior at ing :1,a ourt of appeal, inclnding the aulhorihy to po(lice and prosecute infringements of the 
rules. "'The key lie in the refo'in of organi/ation and operation -- in short, in improved management of men" 
('haibers 1077:361 ). 1< itnllnavake (1982) also enlphaiheS the necd for a water-specific system of justice -- water 

courts. lIc also calls for a greater emphasis on system mianageiient, including regular policing at above-community 
levels. and a re-orlientation of hotth trainilig and incentiv.e"s to emphasile (& M. 

Th' major s\stcmatic still\ of, Sri ILankan rrigationi agency pUtili:-lied to date is the work of Moore (I 980a and b, 
1982) and haSCd Oil rercaic on ihe Irriga ti i Department nearly 10 years ago. His analysis is from the theoretical 
perspectivC of "orgainiiatiOnal tiCeor\.'- Broadl','. Moore's papers attempt to identify the sociological factors underlying 
the low prodtIcti it. o!' i rrIgatiol s\stems \with special reference to the Irrigation bureaucracy itself.' The reason for this 
I'oe us i, I t Iihat all tie causes are iyitllin the agency, but that tile main ff'or't to improve irrigation management must 
om, 1rom1 a reforled hureaterac \. 0nly' the bI'urenncrac . lie argues. has the capacity to intervene and change the 

other factors external to itself'. 

I IC identifics 'Be major fhaeohrs which discotirage work pcrlorniance (most are not unique to irrigation agencies). 
These are: patterns of rec, uitmcnt that impede i teraction between public servants and cultivators, patterns of recruit
melnt and re'ards that inhiit internal coin tin ication in tile agency. use of inappropriate indicators of management 
capability, lack of incenti\s mforgod managelenlt. and devaluation of management (O&M) as opposed to design and 
construction. In \ieV of these, lie stIggcSts a number of strategies for impioving performance (see especially Moore 
1980b). 

Moore (I 92,2) notes that much of the pressur' on established agencies like the Irrigation Department is the result of 
chaging conditions a11id Cxpectatioiis. In tiis ci rcu mstance, organizations always try to perpetuate themselves either by 
attem pting to defend their original fIu nctions and wavs of doing things ("natural conservatisn"), or by reorganizing and 
reorienting thern:;else ,. 'Fle Irrigation Department had in fact been responding by making changes, but slowly, since it 
seemed to Mooire at that time to have a limited capabilit. to change significantly. 

Mlurray-Rui (1983) provides a detailed study of the management of the Gal Oya system at the main system level, 
from a co(mbined engineering and institutional (socio-technical1 perspective. Building on Moore to some degree, he 
provides further details On the factoirs affecting the Irrigation Department's ability to respond to changing demands in 
the short- and long-term. For example. he finds that decisions made before the irrigation season, policies and pressure 
from outside lie scheme, and the structure of the bureaucracy itself seem to have more effect on operations than 
changing wter conditions within tile scheme during the season. If changes in main system operations are contemplat-
Cl, the conlseluenccs (if sti(li changes and the managerial and technical limitations of the department ring study of the 
operation, of a major irrigation scheme. 

More recent work primarily related t, C,- Water Management Project in Gal Oya suggests that in fact the Irrigation 
Department has changed more than Moore (and possibly Murray-Rust) might have expected. Uphoff (1985a and b, 
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1987) notes that a key objective of the farmers' organization program was in fact "bureaucratic reorientation", a change 
in the attitude, orientation, and performance of the Department. He lists the improvement in officials' attitudes and 
performance as one of the three major accomplishments of the work in Gal Oya (Uphoff 1987). Merrey and Murray-
Rust (1987), basfd on interviews with key department officials involved in the Gal Oya rehabilitation project, plus the 
evaluations done by ARTI and independent consultants, confirm this perspective. They, suggest that the Irrigation 
Department is presently in a transitional stage and that the present informal policies regarding a greater management
and farmer-orientation should be made explicit and clear, and should include specific incentives and training programs 
to make them more effective. 

Before the beginning of each cultivation season, the law requires that a cultivation (kanma) meeting be held. All 
cultivators are invited to attend this meeting, which is chaired by the government agent or his designee, and attended by 
representatives of all the irrigation and agriculture-related departments. Murray-Rust and Moore (1983) analyze the 
cultivation meetings they independently observed at Gal Oya and Kaudulla. They show the cultivation meeting format 
is inappropriate and ineffective on large irrigation schcimes, especially as a decision-making mechanism. They suggest a 
number of alternatives, including replacing such mass meetings with committees of elected representatives (i.e. project 
committees) and concentrating attention on delivering water to distributary heads where farmers' organizations could 
take over, rather than facing the complexities of trying to deliver promised amounts of water reliably to field channels. 
One "positive function" mentioned is embarrassment of officials as a check on poor job performance, but this would 

not seem a very effective mechanism for performance monitoring. 

At present, research on agency-level management issues is shifting to a new approach. Whereas the woik of Moore, 
for example, derives from sociological theory on organizations, tends to emphasize structural issues, and tends to be 
"external" to the agency in its perspective, recent research has attempted to examine the internal management processes 
based on methods and insights derived from modern management approaches. This work is done with the close 
' ilaborcy officials -- indeed it cannot be done with-out this support. The role of the researcher in such work is closer 

to a management considtant than to a traditional researcher. In principle, this work can lead to identifying key 
impediments to an agency's ability to achieve its objectives, and to suggested means to improve the performance of 
agencies and their employees. Two examples of such recent work, not yet published, are Raby (1988) on the Irrigation 
Management Division (IMD), and Raby and Merrey (1988) on MEA's management system in System H. 

An evaluation of the effectiveness of the INMAS program within IMD is presently underway; and the studies on 
financing O&M discussed in another section of this paper are also relevant to defining issues and developing testable 
solutions in agency-level managemert. Evaluations, and "conceptual" studies from various theoretical perspectives 
(such as organizational thec'.y, public choice theory) are valuable in defining larger policy and strategic issues, and 
suggesting broad solutions. "Internal" management studies are useful to identify and test ways to improve the effec
tiveness of organizations to achieve their objectives. 

The major research questions emerging from this review are: First, how can the effectiveness and performance of 
irrigation management agencies be improved? rhe objective would be to examine the present management systems, for 
example performance moi.'Trirg and zontrol of personnel; recruitment, training, and incentives policies; communica
tions (management information systems) both within the agency and between agency officials and clients; decision-mak
ing processes; and organizational goals, mission, and values (culture). The methods would include participant observa
tion, interviewing, examination of files, etc. in the first stage, followed by a stage of collaborating with agency officials 
to develop, test, and evaluate alternative management procedures and methodologies, including those which have been 
used by other public and private organizations to change themselves. 
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More detailed questions would emerge from the specific context to be studied. For example, the IMD has the 
responsibility for both coordination of agencies providing inputs for irrigated agriculture at the project level, and 
development of farmers' organizations. This is to be achieved by a "Project Manager", sometimes but not always
assisted by an institutional deyelopment officer and/or instittitional organizers. Are the expectations regarding the 
project manager reasonable? Does the IMD system of performance monitoring, incentives and rewards, Colombo-field 
communications, etc. tend to encourage or discourage the performance expected? What kind of a management infor
mation system would be ,,:st appropriate for IMD? Similar detailed questions could be developed for other 
organizations. 

Second, training issues need far more investigation. IIMI (1987) carried out a survey of present training capacities
and likely future needs, and made certain recommendations for more effective use of existing training facilities. Vut 
many questions remain unanswered. What is the impact of present training programs on actual behavior and perfor
mance of individuals, and agencies? What are the skills most needed by existing personnel? What should be the 
balance between training in specific techniques afnd technologies, e.g. water measurement, and training intended to 
support institutional strengthening and management improvement? 

Management at the Farmers' Level 

This section deals with both farmers' organizations, and the interface between farmers and irrigation agencies. SGi 
Lanka is well-known for a number of interesting experiments with promoting farmers' organizations, and there is a lot 
of literature on the subject, though not all of it is useful. Several authors have noted that the absence of effectivelocal 
level organizations and leadership isa major factor explaining disappointing irrigation system performance, and imped
ing iraproveme's (for example Karunanayake 1980 and 1982, Moore 1980a, Alwis et al 1S,83a and 1983b, Chambers 
19/7, Guresekece 1981). Some authors trace this absense of effective local orpanizations to the increasing intrusiveness 
of government in recent times which has under-mined the traditional system and engendered a dependency on outside 
forces, and to the changing policies and legal arrangements since Independen2e (e.g. Gunesekere 1981, Karunanayake 
1980). Others suggest that the official control of settlement schemes has discouraged the development of local organiza
tions (Chambers 1978, Lundquist 1986). 

In his review of water management problems on large schemes, Moore (1980a) expresses strong reservations about 
the likely usefulness of promoting farmers' organizations as a means to improving irrigatio system performance. He 
suggests that they: 1)will be unable a dismal recordto deal with local conflicts; 2) have on sustainability; 3) are 
premised on a false image of the social composition of settlement schemes; 4) and would detract from the more crucial 
need, reform of the bureaucracy. Put another way, the concern expressed is the trade-offs between elected leaders who 
face limitations in what they can accomplish versus an impartial external authority able to impose discipline. Neverthe
less; since the late 1970s, there have been a number of experimerits with farmers' organizations that have generated 
considerrble interest and been quite influential with Sri Lankan policy makers. 

.An interesting pioneering effort that does .notappear to have led to any permanent impact is the one at Thannimurri
pu, Vavuniya District, documented by Ellma.i and Ratnaweera (1973). An administrative board consi;ting of officials 
and elected farmer leaders was established to deal with system problems when the line agencies fc,,_,. it difficult 
themselves to solve them. Based on a rather short study 2.5 years after it was started, the study concludes the effort to 
date was a "qualified success." 

There are several more recent and contemporaneous experiments that have had impacts beyond the system on which 
they were done. These are the Mahaweli Turnout Groups, the committees formed at Minipe, the Kimbulwana case, 
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and the farmers' organization program as part of the rehabilitation project in Gal Oya. There have been other efforts, 
some discussed in papers in IIMI (1986), but these arc the major influential cases. 

,%,aInli11%efi turnwiit tqluls. The turnoat group program was initiated in parts of System H in 1979. A concentrated 
effort was made to develop farmers' groups below the turnout to carry ou', irrigtion tasks and to facilitate agricultural 
extension and training. These efforts are described by officials who had been involved in the program (see Karunati
lake 1986, Javawardene 1986). According to these auth, rs the program is being implemented in the new Mahaweli 
systems (B, C. etc) as well. It is important to note that the original concept was limited to the turnout only; Karunati
lake (1986) in fact expresses reservations about federating them at the distributary level. However, in System H today 
there are D channel representatives, though their functions are not clearly defined. 

Several authors have raised questions about the effectiveness of the System H turnout groups (see Karunanayake 
198'; Lundquist 1986; Bulankulame 1986). Lundquist claims that despite the high hopes of the officials, after several 
years experience with turnout group leaders, a survey of farmers showed "an overwhelmingly negative attitude toward 
them." Lundquist notes that even though the leaders are supposed to be elected by and from farmers, in fact they tend 
to be from more elite groups, and in many instances are nominated by the officials and are often extensions of the 
bureaucracy, doing things officials should do (Karunatilake, 986, also mentions this problem). Bulankulame 
(1986:16) found that ,armers are uncertain about the role of their representative, and oaften bypass him; further, 
members often do not s'-e themselves as a group, in part because of residential dispersion. 

The Kimiuthmu tl cst. Kimbulwana is a medium sized scheme in Kurunegala District which was rehabilitated in the 
late 1970s/early 1980s. The Irrigation Department's Technical Assistant (TA) in charge of the project spent some 
years developing a highly-disciplined approach to system management with the participation of the farmers. A video 
film has been made documenting the experience; an evaluation was written several years ago (Weeramunda 1985), 
and more recently with IIMI support the TA has documented his approach from his own perspective (Gunadasa 
1988). Gunadasa's approach cannot be characterized as "participatory" in the usual sense; rather, he imposed a 
structure for consultation and decision-making and was able to impose the kind of discipline in water management that 
surveys often show farmers would prefer. 

It has come to be seen as a success story since as a result of these efforts, irrigation efficiency apparently improved, 
productivity improved, farmers have been able to get an extra crop occasionally, and the system is said to be well
maintained. Weeramunda (1985) lists five major characteristics: it is disciplinarian in structure and character, it 
combines discipline with elements of participation, it is an efficient water management system, farmers and officials 
both view it as a success, i, is based on "bureaucratic leadership" in which a particularly dedicated official won the 
farmers' compliance, and its long term viability (sustainability) is doubtful. 

The last point is important; Weeramunda's (1985) evaluation suggests that the farmers' attitude is one of compliance 
and complaisance, younger and more critical people have been excluded, and there is a failure to develop local 
leadership independent of the TA. Gunadasa of course does not agree with this evaluation; it is difficult to evaluate the 
sustainability of the effort until Gunadasa leaves. A study to examine what lessons there might be at Kimbulwana that 
are transferable is needed: it is clear that farmers often prefer an impartial external authority to impose discipline, but 
could this be done effectively and fairly on a wide scale by the present government institutions? 

The ,nipe t'wperieiice. The case of the effort to organize farmers for water manage-ment at Minipe Scheme illustrates 
the problem of sustainability after the source of inspiration departs. The water management project at Minipe, initiated 
by the then Deputy Director of Irrigation for Kandy, N.G.R. de Silva, attempted to set up a committee system to 
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enable farmer participation in system management. This has been described by de Silva (1981, 1985) and evaluated 
by Peiris (1987) after de Silva had left. Peiris finds that while there had been sone positive impact of the project, this 
was less than had been hoped. He attributes the lack of sustainability of the organizations to several factors, including 
problems of getting line departments to cooperate, problems in implementing project commit.ee decisions, and prob
lems arising from the agrarian social structure and the physical system's poor condition. Peiris expresses skepticism 
about the extent to which farmers can "participate" in matters that are part of the administrative domain. 

The Minipe experience is of particular interest for several reasons. It was the pianeering effort to use "catalysts" in 
initiating the transformation process among farmers -- in this case young people fielded by the National Heritage 
Programme in a pilot area during the first year. Informal group representatives were elected from among the farmers 
to assist in water management, and coordinating committees were established. In a later stage of the project, a 
committee system with formal farmer representation was established throughout the system, but without the benefit of 
the catalysts. Farmers' representatives were elected by secret ballot under the Agrrian Services Act, and there were 
six Sub-Project Committees and one Project Committee on which both field officers arno farmers sat. 

The Gt OVa p firct. From 1978-85, the irrigation Department rehabilitated the Left Bank of Gal Oya, with funding 
and other assist USAID. An integral component of the project was an effort to organize farmers' groups which was 
implemented by ARTI with some assistance from Cornell University. This component of the project in particular has 
attracted wide national and international interest, and has had considerable impact on government policy and on donor 
policy as well. The team which did the final evaluation of the whole project. termed this aspect of the program a 
success, but complained about the volume of reports on the project (ISTI 1985). 

The most useful discussions of this effort in our view are contained in the following: Wijayaratne (1985); Uphoff 
(1985a and b, 1986, 1987); Perera (1986); and Merrey and Murray-Rust (1987). The papers by Wijayaratne and 
Uphoff discuss the program from the point of view of the two key people who set up and guided it; Uphoff (1986) 
puts the effort into a broad comparative perspective; Perera's (1986) paper provides a useful overview but from a more 
critical perspecti\e; while Meirey and Murray-Rust (1987) look at the impact of the program on the Irrigation 
Department from the perspective of the key Department participants in the project. 

An important feature of the program was the use of "catalysts" called Institution1al Organizers (lOs) to work with 
farmers in organizing groups. The lOs were all graduates in social or agricultural sciences who were trained in various 
aspects of water management, group dynamics, and organizational methods. They reside] in the communities and 
developed close personal relationships and an intimate knowledge of the communities. This enabled them to work 
effectively with farmers to assist them in forming field channel (FC) groups, and later larger organizations based on 
field channel representatives. The FC groups were expecrtd to carry out FC mainienance, organize water sharing 
programs wh."re needed, and work closely with the Irrigation Department engineers in the design and reconstruction of 
the FCs. One or more FC representatives was to be chosen by the farmers to be a spokesperson for them at 
distributary committees and Area Councils. 

According to the official evaluation, by late 1985, 350 FC organizations had been formed over an area of 10.250 ha; 
above these were 27 D channel organizations, 6 area councils, and a project committee (ISTI: 1985). The evaluators 
felt the 420 farmers' representatives on the whole were responsive to farmers' needs and 60-80 percent of the farmers 
in the organized area were participating directly or indirectly in the FC organizations. According to a survey carried 
out by ARTI, both farmers and Irrigation Department engineers expressed a high degree of satisfaction with the 
organizations, and particularly with their representatives (see ARTI and Cornell 1986: Perera 1986). 
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Unfortunately the prevailing conditions in Sri Lanka have prevented any recent evaluations of the Gal Oya farmers' 
organizations. But based on interviews with two key Irrigation Department officials in mid-1987, Merrey and Murray-
Rust (1987) found that the organizations had apparently endured even after the end of the project; and the improve
ment in both ticipfinw among farmers and at tile 	 between farmers and agency, enablingagency level and imlunicatiol 


more effective operation of the system, ieniained the key benefits in the eyes of these officials.
 

CO~IVW-L011 oj difh;;tltt t'3.'lentS: (tsso5llMtid lcltrc tllewstim.s. It is interesting to compare and contrast the experience 
at G, Oya with the experience reported in other sT'stems in Sri Lanka. Like the Mahaweli Turnout Groups program, 
this was an officially sponsored effort on a particularly large irrigation scheme. However, the Mahaweli program was 
implemented by a bureaucracy that is relatively dense and has multiple (integrated) responsibilities at the field level. It 
had a more limited objective -- organizing at the turnout only -- and limited expectations --the groups were primarily 
conceived as a mechanism for the agezcy to train farmers (one way communication). The Unit Managers, part of the 
bureaucracy, organized the groups. There was little emphasis on the prwicess of organization and learning lessons from 
the experience as the process unfolded. 

At Gal Oya, there was relatively little coordination among line departments, and the Irrigation Department had a 
narrow range of responsibilities. Its staff was comparatively less dense per unit area or per farmer. The program was 
implemented by a research organization that could work in a flexible and decentralized manner. The objective was 
more ambitious than in Mahaweli System H -- farmers were to be actively involved in the rehabilitation effort, 
including decision-making and contributing resources, and as the program evolved, in system management at various 
levels, not just the FCs. The lOs were on two year contracts with ARTI; they were not part of the bureaucracy. 
There was a great emphasis on 'getting the process right" -- the title and theme of Uphoffs (1986) book -- and 
learning from the process. 

The effort at M/inipe used catalysts, apparently successfully, in the beginning, but this did not continue. The farmers 
did respond to the opportunity to participate in improving and managing the system. However, the program was not 
sustained because the effort required to overcome the impediments in both the agrarian social and economic structure 
and the bureaucracy itself were not sustained. The Kimbulwana experiment was "catalyzed" by one dedicated person. 
The notable contribution here is the acceptance by farmers of a high degree of discipline imposed from outside, plus a 
considerable degree of collecdve responsibility for system maintenance. The question of sustainability is a serious but 
unanswerable one at this stage. 

These experiments suggest a number of key lessons, but raise further issues requiring applied research. The lessons 
include: 

1. 	 Farmers will respond to opportunities to take greater responsibility for system O&M in cooperation with 
government officials. 

2. 	 The use of specially trained catalysts, deployed in communities with a mandate to spend a couple of years 
working with farmers is an effective method for organizing responsible and useful farmers' organizations. 

3. 	 The presence of such legitimate and effective farmer organizations leads to improved cooperation among 
farmers, and improved cooperation and communication between farmers and agency officials. This in turn 
makes the agencies' jobs easier, and increases the incentives of officials to be responsive. These improvements 
in turn can lead to improved system performance on a sustained basis. 
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4. 	 The development of farmers' groups and clbanges in irrigation m:-nagement agencies are mutually supportive; in 
the long run, both must occur, and changes in olre have a strong impact on tileother. 

Numerous research issues also arise from these experiences, including: 

1. 	 What has been the level of sustainability ofl the farmers' organizations formed at Gal Oya, Kimbulwana, and 
Mahaweli System 11,and whal are the reaso is? 

2. 	 What modifications could b,made iv tile 10 program to improve the efficiency of implementation over a 
larger scale? This would suggest some experimentation with different types of los (e.g non-graduates, persons 
from the community) and different recruitment niethods (e.g. contracts, use of existing staff, use of NGOs). 

3. 	 What modifications from the Gal Oval modl would be lequired for success in systens where conditions are 
different from Gal Oyia [e.g. different ethnic groups., aready exisling org;nizations requiring strengthening, 
different management agency such as Niahlaveli [conomic Agency (NI-EA)] I \ovhere the project objectives are 
different (e.g. not a rehabilitation project. ,hifting a system from rice to mixed cropping, improving efficiency 
oil a water short system, improving mainltenance). 

4. 	 Are there alternative Methods of' Organizing farmers' groups that would be effective and perhaps less costly 
financially and in terms if managemient intensity in achieving program objectives? For example, can IMD 
Project Managers, or iJnitManagers in Mah:lweli systems, implement such a program effectively on their own? 
If so, under what conditions? 

5. 	 What is the most appropriate division of responsibilities and overall relationship between the existing agencies 
and farmers' groups in the short run (say five years)? What would be the most appropriate mixture of roles, 
and types of organizations to be developed in the long run? For examp!e, can/should distributary groups take 
over both operational and maintenance responsihilitics on their distributar;,? Would an organizational frame
work in which there is a contractual relationship between a farmers' group and an irrigation service agency be 
more appropriate in the long run? What role can farmers' representatives play in overall policy and decision 
making on large irrigation systems? Wha! factors inhibit and what factors encourage such participation? 

Other 	Social Issues 

There are a number of other social issues that are not directly irrigation management issues, but that relate very 
closely, either in terms of their impact oin efforts to improve irrigation system performance, or in terms of the potential 
broader impact of improved irrigation performance. These issues include (but are not limited to) the following: 

1. 	 concentration of other productive factors necessary for agricultural pioduction, such as land, access to credit 
and inputs, and farm power, 

2. 	 land tenure issues and settlement policies (residence dispersion for example) and their relationship to irrigation 
management: 

3. 	 emplo. mnent generation, especially as it relates to second generation settlers; and 

4. 	 the relationship between family size and structure, including particularly women's roles, and irrigated 
agriculture. 
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Concentration of land control has been reported on settlement schemes, (Abeysekera 1986) but not well
documented. Concentration of farm power has been documented (see Abeyratne and Farrington 1986). The farm 
power stud' carried out on three major schemes in 1979-80 documented the interactions between unequal access to 
water of head and tail farmers and unequal access to farm power. Since such interactions can lead to a situation of 
increasing inequalit , \liihich in tnII culdl make efforts to use management and organizational interventions to equalize 
water deliveries probleniatical. further research is required. A high degree of social inequality will make development 
of effccti\e farmers' organi/atioMs dilficult. 

There are a lot of issues related to trends in land tenure and the relationship between settlement policies and 
practices, and irrigation anlagemlnent. Studies of settlement schemes consistently find very high levels of leasing, 
mortgaging. tenancy. fraglnentaion, and outright but non-legal sales (see Bulankulame 1986, Ekanayake and Groen
feldt 1987, Abesekeia 1986. and ,thCr references in Stanbury 1988). These have very important impacts on the 
effectiveness of larniers' organi/atlio,: I'or example, should non-allottees be excluded'? If they are, and if more than 
half the cultivators on a channel are non-allottees, how cm'n such an organization be effective? A recent literature 
review (Stanhury 1988) has highlighted land tenure and other settlement-related issues requ,iring further study in terms 
of their impact on irrigation inatiagenient. 

The problems of the second and AtIbseqCnet generations of settlers in terms of their limited access to land and 
enilploVment, and the impact Of thi, limited access, on the resource base in Gal Ova, was studied by Abeyratne (1982). 
Site documents the adaptie strategies of such familie,., given their limited opportunities, and notes that under- and 
un-eIployment, po\ erty. and lack of access to resources, the very conditions settlers came to the Dry Zone to escape, 
are repeated in the next generation. This najor study on this subject confirms the common perception. it relates more 
broadly to the L1neStiin Of the role and potential impact of irrigation management in trying to reduce poverty, espe
cially among tloe w\ith limited access to irrigaion resources. Research on these problems goes beyond irrigation 
management. hut the isstes are crucial to tile long term viahi!itv of irrigation schemes. 

Finally, another Lunder-studied topic is the relationship between family structure and irrigated agriculture, and in 
particular. the impact o1, Mnd role o1", women. The study 1,). de Silva (1982) provides an overview of women's 
adaptation in a Mahamaeli scherne. w.\hile Kilkelly's 11986) survey in Polonnaruwa provides interesting data but little 
analysis. Although studies of ,%omnin Il development have vr, rightly and rather belatedly become more common, no 
one has yet identified specific research problem.,, related to irrigation management in Sri Lanka. 

REIIABILITATION 

Selected papers and reports on the major rehabilitation experiences in Sri Lanka in the last decade are reviewed. 
The cases include the lank Irrigation Nioderrization Project in the northern part of the country and the Gal Oya (left 
bank) Water Management P~roei' in the east of the country. There is atconsiderable body of written material on the 
subject. According to the fiia l e\ il11:at ii1 report on tihe Gal Ova Pr, ject (ISFI 1985), a bibliography on that project 
prepared by ARTI lists 159 separate studies and reports. This review attempts to identify the principal results of the 
rehabilitation experienCes to help frumii.mlate research questions for studying the rehabilitation process in other projects. 

Tank Irrigation MNldernizalionm Project (TIMP) 

TIMP was the first maijor rehabilitation program in Sri lanka and introduced several innovations in agriculture and 
irrigation, together with support ing institutional arrangements. Abeysekera (1986) documents the limited impact of the 
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TIMP on one system, Mahavilachchiya, and attempts to explain why this is so. He discusses the social, economic and 
demographic background of Mahavilachchiya, showing that high population growth in the context of a limited land 
base and highly uncertain water supply have resulted in very slow increases in production and income, increasing
economic stratification as shown by the increases in landlessness, mortgaging of land, and indebtedness. Major changes 
in the irrigation system and agriculturat production system were attempted under TIMP, with unsatisfactory results. 
The farmers are said to have rejected the agricultural innovations. 

Abeysekera does an economic analysis of these and other possible innovations, including dry sowing, advancing the 
sowing time, using short season varieties of rice, crop diversification, and saving water from maha to enable a yala 
crop. He finds that in all cases, under present conditions, the highest long term income comes from the current 
conventional practice of planting a long season variety of paddy late in maha. 

He suggests a number of implications for Mahavilachchiya, including the need for long term government policy 
changes to promote economic growth, the importance of involving farmers in irrigation management, the need for 
agricultural practices more compatible with farmers' interests and resources, and the need for institutional support for 
marketing and credit. In future rehabilitation projects he suggests looking beyond purely engineering solutions and 
focusing on building farmers' organizations, providing more adaptable agricultural technologies; and incorporating 
farmers' knowledge and experience in designing rehabilitation projects. 

The report by Ranatunge, Farrington, and Abeysekera (1981) attempts to draw together some of the broad themes 
and lessons from the baseline studies of the five tanks rehabilitated under the TIMP in 1977-83. It re-examines the 
original World Bank Appraisal Report regarding the problems and the proposed solutions, and points out the inade
quacy of the Appraisal on several issues. It suggests, based on the data from the baseline studies and other sources, that 
the issues surrounding early tilling and sowing were not identified clearly, which led to a misdirection of investments 
toward 4-wheel tractors and, more important, to ignoring the management support system that would be required to 
implement early tilling and sowing. 

On crop diversification, the Appraisal inadequately identified the roots of the problem. Ranatunge et al. (1981)
believe this will require a long term multi-pronged effort. Finally, on the tail end problem, the report suggests that 
there incon-siderable scope foi improving crop intensity and yields (at the tail), but other problems such as poor roads 
are as important as water. The report claims the monitoring of TIMP's impact was inadequate. 

The single main theme underlying the staggered mudland tillage system is identified as confidence, and therefore also 
motivation. It attributes much of this problem to the highly risk-averse strategy of the Irrigation Department, which 
leads to late and unreliable issues of water in early maha for example. It suggests the need for a strong, comprehensive 
management strategy, that would involve cooperation of agriculture and irrigation, intensive field efforts, re-training of 
officials including engineers, and assistance from political authorities. The organizational efforts required are said to 
have been neglected in the appraisal. 

Marray-Rust and Rao (I987a and b) also examine the TIMP case. The experience and lessons learned in TIMP 
have influenced the planning and design of the Major Irrigation Rehabilitation Project (MIRP) which iscurrently being
implemented in some of the seven tanks included in this project. They emphasize the important innovations attempted 
in TIMP, the experience gained, and the modifications introduced in MIRP, partly as a result of the experience with 
TIMP. 

TIMP had a number of substantial objectives aimed at water conservation in both wet and dry seasons: 
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1. 	 increasing cropping intensity through crop diversification in the dry season; 

2. 	 early land preparation for wet season rice, based on mechanization and dry seeding, to use early rainfall and 
conserve tank water for the following dry season; 

3. 	 use of short duration rice varieties in the wet season; 

4. 	 improved equity of water distributioh ,hrough introduction of strict rotational delivery schedules; and 

5. 	 redesign of the conveyance system, lining distributary and field channels, introduction of water measurement 
capability within the system, and construction of cross regulators in main channels. 

Agricuftumf innovatkons. Dry tillage, dry seeding, and short duration varieties constituted a package requiring mechan
ization, timely water supplies, and varieties that ripen in 3.0-3.5 months. Tractors were made available, but water 
conditions were never such that farmers were induced to change from traditional practices. Dry sowing isnow rare. 
Farmers seem to prefer to ensure one good wet season rice crop, use irrigation water for land preparation and crop 
growth, and plant 4.0-4.5 month rice varieties. 

Uncertainty over water arid lack of marketing arrangements were major constraints to crop diversification and 
adoption of non-rice crops. Water management was difficult since it had to be adapted to two markedly different soils 
under a turnout. 

In MIRP, mechanization for dry tillage isgiven up, crop diversification is limited, and the package of dry tillage, dry 
seeding and short duration varieties are not insisted on, though still recommended. 

Irrigatiori innovations. Large scale adoption of parallel, lined rectangular one cusec (28.3 liters per second) channels 
serving 	head, middle and tail end areas separately and independently was a major innovation attempted. When the 
agricultural innovations were not adopted and land preparation for wet sowing of rice brought peak water demands, 
the one cusec channels proved unsatisfactory. Therefore, in MIRP, the channels are designed to carry up to two cusecs 
if all freeboard is used. Lining is to be done only where needed and channels will be earthen and trapezoidal in 
cross-section. 

The original design in TIMP limited irrigation deliveries to 12 hours per day, so that no farme-is would have to 
irrigate at night. Rotational schedules were prepared to achieve this objective but it proved impossible to operate the 
systems in daylight hours only. Rotations were later changed to 24 hour irrigation for a set number of hours per week. 
The rotational schedule was modified for MIRP by rescheduling discharges to permit all gate operations to be in 
daylight hours. 

The installation of cross-regulators has been a major benefit to water on control in the main channels of the systems. 
Cross regulation isbeing provided in MIRP and several other systems at tie present time. 

TIMP relied very heavily on weir boxes for measurement at distributary and field channel levels. They were 
perceived by farmers as restricting flows and were widely damaged. MIRP is moving towards installing broad crested 
weirs, which, although more expensive, are more durable. 

Irtitutionaf iiwvations. The transfer of design activities in TIMP from Colombo to a town nearer to the project is the 
first case of major devolution of design in Sji Lanka, and has been adopted in Gal Oya and MIRP. 
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Thc establishment of fank Comnmittees under TIMI P 5.'is major efIori Lanka to involve farimller,;the Iirst in Sri 

fornm ally ill managi:,,iapr rri etioI stems. The tank committee .tr.u1Cr. haS e\olV ed into the project manager
 
s%.isei ofiINNI,,\,S. ile intional elfrt to improve wateri management through the IMN/I). Th is system Ias also been 
adopted for all MIRP tanks. 

TIMP hadItdl planl., It lrta i ,e fariners/. 1 '.nt, e.re uLeCd to tideltake several sva tefr management tasks,
 
in'hudi,- inphmntatio of thW lotatioiial schedule., rep1resntatl.ion o the l tle tailk comitte.e, and liaison
at1nrs 
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r01h'bili tii. receM.ltr,, Ithe tean as a basis for reviewsing the Gal Oya 
,..,
f,,erici.n.,.
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',,cmatiol.,. Ili, ssas a,fnId;mlU.'ntl CCIno nent of te'ial Ova sVa t ilr ii.aen.citll program.. Neither tie rellbilita
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The report contains many recommendations which led to a redirection of the rehabilitation effort of the Gal Oya 
project and extension of the project life by about 21 months. 

PRC Engineering Consultants International (1985) wai the contractor for the Gal Oya Water Management Project 
with responsibility primarily for 4:anning, modernlization/rehabilitation, O&M, and training. The final report prepared 
by the contractor piovides an account of the activities under the project, the project outputs, the problems encountered, 
and the findings that coulld be useful for future rehabilitation projects. 

The findings cover a wide range of issues. The following are the points the contractor believed are most important 
for modernization and/or rehabilitation, and project O&M (PRC 1985): 

I. 	 Inputs from water users' associations (WUA) are not necessary for the rehabilitation of conveyance systems but 
would be advantageous. The exception is that the farmers' input is required in the preparation of the general 
management and work plan. The rehabilitation of a field channel must have farmers' participation, with or 
without a WUA. 

2. 	 The general O&M procedures that will be implemented following rehabilitation should be determined as part 
of the general management and work plan. Specific requirements of the operations plan which will affect 
water control must be included in the design criteria. 

3. 	 Training of the project's O&M staff should be implemented as early as possible. 

4. 	 The training of non-Irr~gation Depa,rtment personnel, particularly local officials and other influential individuals 
in the community will greatly help the acceptance of water managenent as a needed means of helping the 
farmers. It should have a long term effect in maintaining the WUAs as viable organizations and may assist in 
their federation and the formation of an advisory committee to assist the project manager in setting policy. 

This is a useful and informative report presenting the contractor's overview of the project and the problems 
encountered. 

In a comprehensive case study, Wijayaratna (1987) analyzes the rehabilitation effort and experience of the Gal Oya 
Left Bank System. The paper highlights the innovative and successful approaches used in various phases and activities 
of the project. It also examines the constraints encountered and deficiencies observed in all stages of the project. This 
review draws upon these aspects as they have lessons applicable to future rehabilitation endeavors. 

The innovative elements identified are the following: 

I. 	 The pragmatic approach to design and construction was considered successful in practice. The basic concept of 
the pragmatic approach was to "...conduct a physical inspection of the system and to determine what was 
needed to be done to ensure hydraulic efficiency and to stabilize the canal banks. This approach had to rely 
heavily on the judgment of the design engineers." This is quoted approvingly by Wijayaratna (1987:277) from 
the final evaluation of Gal Oya. 

2. 	 Mobilization of local knowledge and farmer participation in system management. Farmer involvement in the 
design process through group mechanisms no doubt improved the quality of Gal Oya rehabilitation work. At 
the early stages of the redesign process, each of the farmer groups had two rounds of meetings with the design 
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engineers. Later, due to time constraints, these group meetings were replaced by walk-along-the-channel meet
ings between farmer groups and design engineers. Farmer organizations are now said to be functioning as real 
organizations with viable operating structures and continuous records of their efficient involvement in water 
management. 

3. 	 Computer model for system operation. There is no doubt that this has been helpful in enhancing the efficiency 
of water scheduling and operational decisions. However, this will not compensate for inadequacy of data on 
extents cultivated under different off-takcs and on drainage. 

The following constraints are identified and discussed: 

Unrealistic assumptions during the planning phase. In the author's opinion, one of tile major gains expected by 
the sponsoring agencies from the proposed farnier organizations was to get farmers to take responsibility for 
rehabilitation work in the field channels. lowever. farmers were never consulted about this in advance and no 
agreement was reached before hand. 

2. 	 Inadeq uatC data. For example, tile lengths Of different categories of channels were not known, much less the 
extent of cItiva ted area. InadeqlUae attention was paid to drainage, re-use and soil characteristics. 

3. 	 Limited inlipact Of rehlilitation on1 production. As the direct major influence of the rehabilitation program is 
limited to system-weid Preoenens In waler vailability. such a progran may not provide solutions to the 
non-water flctors r, ,lp ,ihlefor the Yield gapl. 

4. 	 Overseas training. Over the project period, 133 participants were sent abroad for short-term training and nine 
were sent for long-term training. that soneDespite the fact of these contributed positively to the project's 
success, most, were of very, litleall ue to the project or to water management inifproveienrits in the country as a 
whole. 

5. 	 The use of original design specifications in rehabilitation. The initial conception of the Gal Oya left bank 
rehabilitation was to restore the physical system to original design specifications. lowever, this was not 
possible because the latter could not be found. Sonic of the original specifications may not be appropriate for 
the changed conditions of the project -- the actual comriand area had increased significantly over the past three 
decades. Rehabilitation should provide an opportunity to benefit from changes in technology that have 
occurred since the inception of a project. 

6. 	 Coordination among line agencies. [he work required by the local agencies (other than the Irrigation Depart
nient) to achieve the project obje:tives was not adequately defined in the project paper. In addition, lack of proper
coordination and cooperation among agencies was observed to be a constraint during project implementation. 

7. 	 Limitations in benefit-cost evaluations of rehabilitation efforts. Calculations of benefits and costs inl these studies 
(ex-ante and ex-post), depend on assumptions about the area that could be irrigated, the yields that could be 
obtained after the project iscompleted, the extent to which the beniefits are correlated with aIproject's imple
mentati(r, and so forth. The difficulty in substantiating such assumptions has been demonstrated by the 
author. Benefit-cost evaluations, therefore, could he misleading at times. Tile internal rate of return calculated 
for the Left Bank system rehabilitation varied from 47.4 percent (ISTI 1985) to 17 percent (ARTI evaluation). 

On the whole, Wijayaratna's paper is a very useful case study especially in planning for new rehabilitation efforts in 
other projects. 
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The final evaluation of the Gal Oya Left Bank Rehabilitation Project was conducted by the International Institute 
for Science and Technology (ISTI) in 1985. A six member multi-disciplinary team carried out the evaluation. The 
team's evaluation methodology included a review of available documents, interviews with USAID and government 
officials in Colon-i o. and a week IonL field visit to A iparai. 

The overall assessment of the project is that, by any reasonable standard, the project as a whole has definitely been a 
success in spite of some mistakes made in the design and execution. The achievements listed are: 1) a badly deterio
rated major irrigation scheme has been rehabilitated in a cost-effective inanner, and is operational; 2) form~ed and are 
fun:tioning despite a fragmented social structure; 3) changes in agronomic practices, increased yields and increased 
cropping intensity, all due at least partly to improved water delivery and reliability, have combined with an increase in 
irrigated arca 1t prodtLIce a1 internal rate of return of 47.4 percent. 

ISTI (1985) concluded the project ias substantially achieved its purpose of developing an institutional capability, 
which calnbe replicated to nllllge large irrigation schemes ill Sri Lanka more efficiently and effectively with active 
farmer assistance. The capability aIIIl lethodology developed at Gal Ova can and should be extended to other 
schemes, but this will reqIi ire adaptlation to different fphysical a:ad social environments. 

One of the nIlost i lportaNt outcolcs of the project is the change in attitude, communication and behavior among 
farmers and governm ent personwel that has occurred at Gal Ova. All the available evidence points to a major change 
in this regard (see Mcrev and MIurray-Rust 1987). This is a very important project achievement and should not be 
underestimated. 

Thc factors that contributed to the overall project outcome according to the review are: I) the improved reliability of 
water deliver' a s lt result of rehablilitation: 2) the Institutional Organizer program and the farmer organizations it 
created: 3) the lell,.rship of the Project l)irector, who actively promoted communication by direction and by example; 
and 4) the training program (which \Vijayaratna [1987] criticizes). 

Ethnic disturbances have adversely affected the project and have retarded rehabilitation of !he taii end of the system. 

On the project strategy and components, the review contends that the strategy, as it evolved, was appropriate for the 
project's goals and purpose. but that it differed significantly from the strategy set forth in the original project design. 
The original project paper included: I) an overemphasis on heavy eqluipnlent -- the equipment was provided, but 
utilization was very low and maintenance \\:!,; a continuing problem: 2) an overemphasis on detailed plaiming and the 
preparation of mlster plans. The adoption of the pragmatic approach to design and construction, as suggested by the 
inid-terni evaluation, vas a key element in the successful rehabilitation: 3) an overemphasis on research and testing; 
and 4) the absence of a specific plan and specific funding for rehabilitation of distributary and field channels. Distribu
tarv channels ald structures in field channels were provided for in the amendment to the project paper. Who would 
do the field channel earthwork iemained unIsolvcd. Both the original and the final strategy paid inadequate attention to 
maintenance. 

Mcrrcy and Murray-Rust (1987), based on interviews with two key Irrigation Department officials two years after 
the end of project evaluation, report that these officials confirm the general evaluation of the importance of the farmers' 
organizations and other institutional efforts in the rehabilitation project, the usefulness of the pragmatic approach to 
rehabilitation, and most important, the farmers' organizations' continued existence and operation. 

Just as the MIRP was developed based on experience with the TIMP, with funding from the World Bank and other 
sources, the Irrigation Systems Management (ISM) Project has been developed from the exper,'ence with the Gal Oya 
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Project. The ISM Project has funding from USAID, and is designed to continue testing and improving the approach 
used for organizing farmers at Gal Oya, and to test a rehabilitation approach called essential structural improvements 
(ESI) that isthought to be even more cost-effective than pragmatic rehabilitation. The original project concept was in 
fact not as a rehabilitation project per se, but as a project to develop a capacity and a process in the Irrigation 
Department to carry out continuous maintenance and upgrading of irrigation systc.,s that would not stop at the end of 
the project. In addition, the project aims to strengthen the IMD's capacity to implement the INMAS program, 
particularly in developing strong farmers' organizations, and in developing a performance and financial monitoring 
capability. implementation of'the project has just begun. 

Comparative Analysis 

To date, Merrey (1987) provides the only attempt to do a comparative analysis of Sri Lanka's irrigation system 
rehabilitation and modernization experience. He describes an analytical framework for comparing the degree to which 
rehabilitation projects focus on institution-building, and applies the framework to six Sri Lankan rehabilitation projects, 
to test 	the hypothesis that those projects which build strong responsible farmers' organizations supported by manage
ment agencies responsive to the needs of these organizations are more likely to exhibit sustninable improvements in 
productivity and equity than those that primarily emphasize physical reconstruction. 

Lessons Learned 

I. 	 The experience gained by an organization in implementing innovations in a rehabilitation project was utilized 
in making modifications in the design of a subsequent rehabilitation project. 

2. 	 Standard approaches to designing irrigation projects may not be appropriate for some rehabilitation projects, 
and innovative and pragmatic rehabilitation approaches may be called for. Design engineers should be pre
pared to innovate to suit the context of a project. 

3. 	 A mid-term evaluation by competent experts can lead to appropriate mid-course corrections and redirection of 
a rehabilitation effort. Un- realistic assumptions made during the planning and design phase with limited data 
can be checked and corrected. 

4. 	 Frrmer involvement in the design process through group mechanisms can improve the quality of rehabilitation 
work; it can also lead to farmers taking greater resp(,nsibility for system O&M after rehabilitation. 

5. 	 The use of specially trained catalysts like Institutional Organizers (lOs) to develop farmers' organizations has 
had a very beneficial effect and has been adopted on a wider scale. 

6. 	 The projects reviewed vary considerably in terms of their emphasis physical improvements versus institutional 
strengthening. It appears likely that institutional strengthening isextremely important if physical improvements 
are going to be used effectively by farmers, and for long term sustainability of the improvements. However, 
this questioh deserves further research as well. 

Research Questions 

1. 	What mechanisms can be developed to improve communication among agencies (even in countries such as Sri 
Lanka), donors, and other interested parties to spread the rehabilitation lessons learned in different projects? 
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2. 	 Donors and lending agencies seem to have their o\\n preferences for different mixes of hardware (physical 
rehabilitation of a system) and software (the organizational and institutional dimensions of a system). Ques
tions are often raised oil the appropriateness of the mix. More research is needed to help answer the question. 

3. 	 More specificall\, iii relationship to the question of' hardware versus software, sone literature suggests that 
svstems require rehabilitation or improvement in par because of inStitutional weaknesses (ineffective organiza
tiols., pool- farner-ageny Coiiiliunjeations, inadeq.,ate O)&M resoi'ces). If this is so, what enpliasis should be 
1,ivCn to iistitutional strengthening. And hoW should this be related to physical imlprovemnelts? Would institu
tional strele.then.il lead to more SIt ',t% inImproverments iii irrigation svstein performallce? 

4. 	 The rehabilitatiom process. the decision making. alld the interactiols aliong the varioLus interested parties, isan 
area +vi\ icI" not tm ucf reeCarelId andI deserves grea tel attenti ii.In rder to ulnderstand better wliy rehabiIita'
tio ,lroiect" are desined the \,Iv tiey are, and to suggest alternative app roaches. 

5. 	 Sonie liter:'.t re sue CestsI hat 1iire appropriate Methods are requii red for evaluating rehabilitation project 
Optionis. a.nd ,IvalIuat tihe long telrm benefits of sueh projects afterwards. Vhat would be appropriate criteria 
f'or sLuch anals ses and ev'iltins. and What iiethods wotuld be required to base aiialyses on such criteriai? 

RESOURCE GENERATION AND FINANCINC 

Introduction 

(ieerati"e resuLl'Ces flr irriiuatmiu O&M 2 is crucial to achieving tile objectives of irrigation for several reasons. One 
eo'lll'rl is mob0il izine sufficient ie,,tr.e Ito enable the desired level of O'M. According to Perera (1986), almost all 
illaor irruiation schenes i Sri lanka have suffered froni poor nlaintenaiCe iLe to lack Of sufficient funds during the 
p1ast \Cai'. Aeord\i.'uh to GIunesekera (1985), Rs 12(1 million (USS3.75 million) is needed per year for O&M of 
s,'tel i, I!, Oftsiile ,lahas\ The Irrigation I)elpartnleint budget alloeatioin is onlV half this. The governmenttihe eli. 

CiIIlIIt afttI nI t1opai\ full ()& Xl costv ,at11 and hieye o!ilie r soc ial welfare goals. 

Perera 	(I 9861 si\s the fariniers have beell hadl v affected dLIC to the poor performance of the irrigation systems as a 
result of ill ildequate llaintellanc'. (0 1)ieokera (1985) 1'0(1.1d poor physical laintenailce to be the most Iportant 
te.il i.lil s.lstrain Ill iPhase I of tile Kaud Ullahirrigatiill Systemiii. lie attributed tils to the decliie il funds available for 
laltenatnc The nd were piimaril\ used lor wages, travel expenses, and supplies. OnlyTh'i all ocaled fhr iil ill enll lice 

Rs 3(1,00)0 - 4)0.000 (1 .S9.375 -. SS 12.500) were a'ailable for actual laintenance, and this was not sufficient for 
evel.,11 ilor repir" 

\s Small et al. (I 980) concluded, the ilstitutiOnal arrangements for mobilizing resources also affect the performance 
(t irriatlion 'stels. These arranoieilenls deternine the incentives that irrigation agency staff have to provide good 
irriatioll ser\ ices. Anoither of (ioonesekera's (1985) eonclusionis was the need to provide irrigation managers with 
Iiaile ia] IiiliVeS to proi eLgood ilan0agement. Thie ilstitutiounal arrangemenints also influence farniers' willingness too 

piartieipate ill the O& M of s\stelits tlirough paying irrigatiil service fees and cotiiributing labor. 

U nder caiitions of \water pricing, the irrigation charge caln also proivide in incentive for farmers to use water more 
efficientlh. K arullliiavake (1982) advocates voluLhetric pricing of water to promlote i11ore efficient use. He recognizes 
that tiis requires a great ldeal of control over tile water to supply it Oil demtand, and acticrate lleasurelent of tile 
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supply to each farmer. in some systems, charging on a volumetric basis would not be possible without major eha~ili
tation of the system. An alternative would be wholesaling water in bulk at the turn-out level and al!wing :he 
farmers' organization to dis.ribute it and collect from individual farmers. This requires much less measurement, but 
viable farmer organizations are a necessity. 

Historical Reviews 

Thompson (1987) examined irrigation financing policies primarily in the British period through a study of docu
ments in the archives. Ordinance No. 14 of 1848 permitted the colonial government to charge six days of compulsory
labor per year for repair and upkeep oi ,oads and irrigation works. Ordinance No. 21 of 1867 introduced the first
irrigation ratc . iit sh times. The purpose was to recover the cos" to the govcrnment of improving irrigation facilities. 
Beneficiaries were required t. pay the cost of a project in 10 annual installments. The amount was decided before
hand, and cost overruns could not be included in the rate charged. A maximum water rate of six shillings/acre/year 
was established, with maintenance and repairs to be undertaken and expenses defrayed by the government. 

In 1872 beneficiaries were given a choice of paying the 10 installments or paying in perpetuity for interest on the 
capital cost plus invintenance. Under this option the annual assessment was not to exceed Re I/acre or seven percent
of the cost of the works. Annual payments could be in cash or kind. 

Authorization to collect a waintellatc c(iarqe was extended to government-aided works in Ordinance 42 of 1884. 
This applied in cases where the capital cost was being repaid in 10 equal installments. The in-perpetuity payment
option already included maintenance costs. Funds were used to maintain the system from which it was collected. The 
maintenance charge was not to exceed 75 cents/acre/year and was due 1 April each year. Land could be repossessed
by the government for non-payment of capital or maintenance costs. 

In 1889 the maximum maintenance charge was reduced from 75 cents to 10 cents/acre/year with assessments to be
revised every year. Movable property of defaulters had to be sold before land. In the 1890s a concern of the Central 
Irrigation Board wr,.s that collection of monies to be repaid to the Irrigation Fund was not being enforced. 

Ordinance 10 of 1901 raised the maximum rate to be levied in perpetuity from Re 1 to Rs 2 per acre (to cover 
interest on capital expended and maintenance). The maximum rate for maintenance on systems that were being repaid
in 10 installments was raised from 10 to 50 cents/acre. A four percent interest charge was added to total costs
repayable plus the maintenance charge beginning at completion of construction instead of the end of the ten year 
repayment period. 

By 1910 the Irrigation Department had 151,253 acres (61,236 ha) in major works. During that year it had 
expended Rs 10,999,149 on restoration or construction and Rs 2,151,208 on maintenance and repairs, and had
recovered a total of Rs 1,046,632 in perpetuity and maintenance rates and Rs 14,674 in repayment installnients. 

In 1914 the Irrigation Department reported that the maintenance rate was Rs 1.07/acre whereas the government's
cost was Rs 1.54/acre exclusive of staff charges, plant, etc. In 1915, the government recovered a maintenance rate that 
averaged 70 cents/acre. 

The Committee on Food Production in 1919 noted that the program on new irrigation works had been virtually
suspended during the past ten years because of government policy relegating the Irrigation Department ,.o a revenue 
earning department with all operations considered from the perspective of commercial profit. It recommended that the 
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Irrigation Department be reclassified as a spending department and that the current irrigation rate of approximately Rs 
2 be suspended for five years to stimulate rice cultivation: these recommendations were accepted. 

An irrigation rates committee was established in 192( to determine :he mean maintenance rate of the syste.ms 
maintained by the Irrigation Department. Two types of works were examined: 1)works whose repzyment scheme 
was in perpetuity, and 2) aided works (where owners had agreed to pay the construction cost in annual installments 
plus an annual maintenance fee). It concluded that proprietors under the "perpetuity" works who had originally been 
assessed an irrigation rate of Re I were in a favored position. It also concluded that farmers in large schemes in the 
dry zone were unable to pay a perpetuity rate or a construction rate and maintenance raze of more than Rs 2/acre per 
annum due to production risks and labor scarcity. The committee recommended that rates be assessed on all irrigable 
land, not just that irrigated in a particular season. Land cleared from the jungle should not be charged a rate until after 
three years. Crop lands should not be sold for nonpayment of rates; these should be r-" d by selling the crop or if 
there was no crop, by leasing the land. 

Thompson (1987) presents data from 1869-1984, with the exception of a 20-year ptriod from 1938-57 for which 
she apparently could not locate the data, which show that in most years there was some collection of irrigation fees. 
Even in the period 1970-77 when irrigation charges were supposedly suspended, there was some revenue. 

Silva (1986) conducted a study of the evolution of policies relating to the recovery of water charges from farmers, 
covering the period 1931-84. This study, based on published and unpublished reports and documents of the Sri Lanka 
government, looks at this subject within the broad framework of rural evelopment and land settlement policies. 

Historically there was no tradition of making land and water available free of charge. RajaIkaria, an arrangement 
whereby wages were paid in land and rent was paid in labor, was a system of reciprocal obligations between the king 
and the people. The British outlawed rajakariya, which destroyed the mechanism for maintaining irrigation systems. 

Ordinance No. 32 of 1946 as amended by Act No. 48 of 1968 provides for: 

I. 	 the imposition of an irrigation rate upon lands benefited or to be benefited under any scheme; 

2. 	 levying of contribution in labor upon allottees and tenant cultivators and, where there are no allottees or tenant 
cultivators, the proprietors of those lands for the purpose of construction or maintenance of the irrigation work 
and for the payment on an irrigation rate by way of labor contribution; and 

3. 	 levying of special irrigation rates in respect of water derived by seepage, mechanical appliances or other special 
means. 

In the late 1960s in negotiations with the World Bank for financing of the initial stages of Mahaweli, the govern
ment had agreed that after completion of the project an annual rate of at least Rs 40/acre of cultivated land would be 
charged. This became an issue in the general election of 1970, and it is believed that this went against !he UNP in the 
election which they lost. 

The SLFP government in 1970 announced in the first Throne Speech the abolition of irrigation rates and that the 
state would undertake restoration and maintenance of village tanks and minor irrigation works. This labor, termed 
wew rjaariya, had formerly been the responsibility of the farmers. In place of irrigation rates, a Land Betterment 
Charges Law No. 28 to recover coast of irrigation was passed in the National State Assembly in 1976. This, however, 
was not implemented, and the government changed in 1977. 
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From 1978 under the UNP government, O&M costs were to be recovered through the following charges: 

Rs 30/acre in major schemes with over 150 percent cropping intensity,
 

Rs 20/acre in major schemes with less than 150 percent cropping intensity and minor schemes with more than
 
150 percent cropping intensity, and 

Rs 10/acre in other minor schemes. 

According to Silva (1986), this policy was actually implemented for only a short period in 1981-83 in majoi 
-schemes, but collections were mininal .
 

Regarding 
 land taxes there have been two persistent trends: concern about land revenue and large-scale non
collection. Currently. the government does not collect any land tax, and Silva argues that it never effectively collected 
land tax. He concludes that both in assessing the land tax and implementig its recoveries, the policies have been 
ritualistic. 

Silva.(1986) concl udes that the recovery of irrigation charges has also been consistently ineffective. The collection
cost has not been computed, but he argues that it would be higher thani the meager sums collected. The charging of an
irrigation fee has been a political issue, and many members of parliament have opposed it. He concludes that one of 
the reasons the government did not vigorously enforce payment of irrigation fees is that they were dealing with an 
impoverished peasantry which, due to low agricuitural production, was unable to produce a surplus that would enable 
them to pay the fees. While the government has always provided the legal authority for charging beneficiaries a fee for 
irrigation, for several reasons, including its social welfare ethic, it has not enforced collections with any vigor. 

However, now the climate regarding charging irrigation service fees has changed according to Silva. 

I. 	 The government recognizes that systems must at all costs be properly maintained. The Kantalai Tank failure in 
1986 drove home this point. 

2. 	 The government's resources are extremely limited. It has to borrow from international lending agencies. 
National policy regarding irrigation service fees is influenced by the policies of the donor agencies. 

3. 	 There is new thinking about the management and development of major schemes. 

4. There is greater emphasis on forming farmer organizations.
 

These factors have affected the development of policy concerning collection and management of the present irrigation
 
O&M fee in the major systems managed by both IMD and MEA.
 

Study of Current Policy 

The most comprehensive and focussed study on the current policy concerning resource mobilization for O&M of 
major irrigation systems isthe Studv olfRectilllt Cost Prot'ffn int Irriatioi Systems undertaken by Engineering Consultants 
Ltd. and Development Planning Consultants Ltd. for USAID (USAID 1985). This study was conducted in 1984 
shortly after implementation of the new O&M fee to be charged to all farmers benefitting from major irrigation 
systems whether under IMD/Irrigation Department or MEA management. The researchers reviewed relevant 
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documents and interviewed officials in Colombo as wel! as in four major systems and a sample of 94 farmers in these 

major systems. 

Based on a study in 1981 of 16 selected irrigation systems -- one in each range -- the Irrigation Department 

estimated that on average Rs 200/acre (about US$15.40 per ha) was needed annually to operate and maintain major 

systems. (Earlier it had estimated the cost at Rs 80/acre, or about US$6.00 per ha.) A high proportion of this cost is 

for labor because the Irrigation Department has a large labor force. The actual cost in a particular system may deviate 

considerably from Rs 2)0. 

In the government's opinion, it could not proVide adequate fundiig for O&M, and a policy was adopted that 

tarmers should be responsible for full cost of O&M, but none of the capital or rehabilitation cost. An O&M fee of Rs 

100/acre (about $7.70 per ha) of asweddumised palddy land per year was introduced in 1984. This is not considered a 

water charge or levy to recover cost of construction or rehabilitation. It is an annual contribution that farmers are 

required to pay for proper O&Ni of major systems. The balance of the O&M cost was to be allocated by the 

government through the normal budgetary process. The initial policy called for the O&M fee to be increased by Rs 20 

each year for five years, whereupon farmers would be paying Rs 200/acre, the estimated full cost of O&M. According 

to the study, tihe differences between this fee and past policies were: 

1. The amount of the charge was based on the actual cost of O&M; 

It was not considered an irrigation rate or water charge, but a contribution farmers were expected to make to 

maintain systems in good condition; and 

3. Funds were earmarked to be spent in the system from which they were collected. 

The agency responsible for collc.ion of the fees in systems managed ,yIMD/ID is the government agent (GA) of 

each district. He uses field officers of the Land Commissioner's Department such as colonization officers and field 

instructors to do the actual collecting: Collection of O&M fees is based on a Specification Register for each irrigation 

system, prepared under supervision of the GA. It gives the name of the legal allottees and tenant cultivators, extent of 

their paddy holding in the system, their location, and other relevant particulars. This register is intended to include all 

irrigation beneficiaries, including settlers in mlnoul Unregularized encroachers payvillages and regularized encroachers. 

a fine of Rs 125/acre/year. It is unlikely that any of the Specification Registers are accurate and up-to-date. 

Instructions were issued to up-date ihem. 

Farmers are informed by the person doing the collection of the areas for which they should pay Rs 100/acle. Post 

cards are sent as a reminder. Collections art: account in the bank branch at the nearest Agrarianfirst credited to an 

Services Center. The District Kachcheri maintains a record of all collections deposited in the bank branches as does 
the main district bank. 

These funds are not credited to the government consolidated fuind, but are reserved for the major irrigation system 

from which they are collected. Allocations are made annually by the Ministry of Lands and Land Development 

through the IMD for regular O&M to be decided upon at the system level in consultation with farmers and farmer 

crganizations. 

In Mahaweli systems, the unit manager under the supervision of the block manager and resident project manager 

cnllects the fees4. The authors conclude that MEA has achieved a higher rate of collection because only one 
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organization is involved. In IMD/ID systems collection efficiency depends on coordination of different field officers 
from different departments. 

The GA is cmpowered to ile cases against farmers who do not pay and to recover the fee as if it were anoutstanding loan owed to the government. He may aiL deduct the unpaid fee from payments made by government toa farmer for sale of produce or other purpose. In the case of cultivators of private land, the GA may seize and auction 
property to rccover outstanding fees. 

The study lists problems associated with collecting O&M fees including: 

1. Farmers do not unclerstand the purpose of the fer. 

2. Specification registers are not up-to-date. Not ail benficiaries are charged the fee. 

3. Farmers are charged for incorrect areas. 

4. Some farmers get water, if at all, only in maha. They should not have to pay the same rate as those who get 
water for two seasons. 

5. The fee isnot waived in case of crop failure. The ministry maintains that farmers can insure their crop. 

6. Maintenance cost is less than Rs 200/acre in some systems. 

Per the first Director of the Irrigation Management Division, in a paper describing the INMAS program (1986)outlines the functions of IMD, the Project Manager, the sub-committee of the District Agriculture Commit.ee, theProject Committee, the Farmer Organizations, and the Farmer Representatives. All of these play a role in the
mobilization and allocation of resources for system O&M. 

Perera points out several changes that have been made in the policy since its initial implementation. Adecision wastaken to limit the fee to Rs 100/acre for farmers cultivating two seasons per year and Rs 60/ acre for those cultivating
only one season. To allow farmers to get used to the idea of contributing to the O&M fund, it was decided to suspend

for the present the decision to increase the fee each year by Rs 20.
 

Also it was decided to limit the collection of O&M fee to systems with more than 200 hectares. Systems smallerthan that were considered too small to warrant the effort in collections. In these systems, farmers are encouraged tomaintain the distribution network themselves with assistance from the Irrigation Department. 

He presents data on collections compared to assessments in the years 1984, 1985, and 1986. The proportioncollected has declined drastically according to these data. However, since it is not clear when collections were made money collected in 1985 and 1986 may have been credited to 1984 collections if it was the first time a farmer paid - itis not possible to tell whether the amount collected in a givcn year has actually decreased as drastically as it appears. 

Gunesekera (1985) reports that although farmers were accustomed to receiving irrigation free of charge with noresponsibilities for maintenance of systems, the early experience was that after proper explanation of the importance ofthe payment and the program, the farmers did not disagree with it. He reports that the following contribute to farmers' 
resistance to pay: 
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Propajatiaagaintst reco'cvw. Some groups have actively campaigned against payment. This had been a politic,, issue in 
the recent past and collection efforts had been half-hearted. 

t t'c.s.Lack o ctid'ce il oi A few corropt and irresponsible officers have caused farmers to mistrust government 

officials. 

Vaitu, tw tke ot ,on mn(Ilunst dct'iW'uh. Lack of action against defaulters in the past made farmers think they could get 
away with not paying. But according to Gunesekera they will 'le prosecuted under Section 78A of the Irrigation 
Ordinance in future. 

Research Questions 

Historical studies show that the government in Sri Lanka has always provided a legal basis for charging farmers for 
irrigation services. During the British period there was a policy that beneficiaries pay for irrigation services, including 
the capital cost at a subsidized rate. At least for part of the period, the Irrigation Department was intended to be a 
revenue earning department, and it was argued that this greatly inhibited the development of irrigation. At the same 
time there was a concern that considerably less than the full amount that was due was actually being collected from 
farmers. 

Since Independence, the irrigation ordinance has always provided for charging farmers a water rate, but collection 
has not been vigovously promoted. The issue of irrigation rates has been and remains a political issue, and at times the 
government has followed a policy of not attempting to charge farmers for irrigation services. 

With the implementation of the O&M fee in 1984, the government appeared determined to make up for the 
shortfall in resources for irrigation O&M through gradually transferring the burden of the full cost of O&M to the 
beneficiaries. The Silva (1986) study on implementation of the O&M charge was completed the same year in which 
the O&M fee was first imposed. There is, thus, limited information on the actual experience of collecting fees, 
managing the runds collected, and allocating and spending them. 

Research into these aspects of resource mobilization now that there have been several more years of experience is 
needed to understand better both the process and the performance of mobilizing resources for O&M of major systems. 
Have the amounts paid actually been spent in the system from which they were collected? How are decisions about 
allocating the maintenance budget made? How much do farmers participate in these decisions? Have farmer organiza
tions been able to take maintenance contracts? What is the relationship between the development of effective farmer 
organizations and the rate of resource mobilization from farmers? 

What is the sanction process for farmers who do not pay their O&M fee? Is it effective? Karunanayake (1982) 
advocates the constitution of special Water Courts to adjudicate irrigation violations including failure to pay irrigation 
fees. He maintains the normal judicial process is too cumbersome to settle cases, and authorities are reluctant to 
prosecute violators. 

Silva (1986) concluded that MEA achieved higher collection rates because of its unitary management structure. A 
comparative study of policies and procedures in NIEA and IMD may be useful. Has MEA continued to achieve these 
high rates? Are there differences in incentives for those responsible to collect fees to do so? Are there differences in 
farmers' incentives to pay'? 
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Under the INMAS program, project managers seem to have a certain amount of latitude in the implementation of 
policies and procedures. The rate of fie collection varies among systems, and research into the practices in different 
systems may identify innovations which make available greater resources for more effective O&M. 

Since the implementation of the O&M fee, what has happened to the overall level of resources made available for 
system O&M? Has the amount allocated for irrigation O&M from the general fund decreased? 

What is the present estimate of the amount of resources needed for O&M? The figure of Rs 200/acre/year was 
derived from estimates made in 1981. Is that amount still adequate, or should it be higher? 

The Departn'ent of Agrarian Services is responsible for systems up to 80 ha and the Irrigation Department and IMD 
for larger systems. However, a decision was taken not to collect fees from farmers in Irrigation Department systems of 
less than 200 hectares. The farmers in those systems are encouraged to maintain them under the supervision of the 
Irrigation Department. They may be left to their own resources, and the farmers have likely either developed means of 
maintaining them or they are deteriorating badly. Little research has been done on the O&M of these medium-scale 
systems. 

The issue of wholesaling water at the turn-out or distributary canal level as suggested by Karunanayake should be 
investigated. Is it feasible? What tchnological and institutional improvements would be required to implement such a 
scheme'? 

NOTES 

'This finding is in contrast with the pre-rehabilitation situation at Gal Oya, where greater inequalities were reported
along the main canals and distributaries (Wijayaratne 1986b). The difference may relate to the fact that Kaudulla is a 
water-surplus system, while Gal Oya is water-short. 

2The focus of this review and the ISM project is primarily on mobilizing resources for system O&M with less concern 
for the mechanisms for financing initial construction. 

3This somewhat contradicts data presented by Thompson which show a sudden dramatic increase in revenues begin
ning in 1979 and continuing through 1983. 

4The money collected in Mahaweli systems does go to a fund inColombo. 
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APPENDIX 

A REVIEW OF LITERATURE ON ON-FARM IRRI(;ATION MANAGEMENT 

FOR UPLAND CROPS 

C.R. Panahokkc and I. Balasnriya* 

INTROIU TION 

In Sri I.anka the remains of extensive and claborate tank (rcservoir) irrigation systCIns in tihc dr, north-central and
sothcrn regions is aiple evidence of an ancient ad\'aiccd hydral ic civili/ation. Beginning Ibot 'liefifhili centuryB.C. and extendin g ip to a ti he 13th ccntury A.ID., this ci'iliZat iin was Centered oii and sustained bv irrigated
IOwlaIid rice cilti\Vation. Ill addition. dLnring the railly scasll, tindCr sifing or 'clhcna' cu!1ivation, rainlcd tpllalid rice, 
coarse grailns, grain lCgli iCs, and Oil and Iihrc Crops wcrc culix'alcd. The si/ea id cxcii 01.11hC CliltI iiral 111lnlcnlis of11is period tl roiiglV stLugc.St, a ,cIl'-sUSlailli 1g gr-silrpltus ccoilll , rather than I ro-si bsistencc cCt iiom ', built on the 
more fcrtile All'isok ol' this regioi. 

The absCIICC o1 CVidcIcc 1'irrigatld t phi nd ag,'icuhItirc having bccn practiced oi a sI- ,tined basis in the island over 
a span of nearly 2500 years should lc notcd. The ;mly cxccption is in ilie North, \here linmited extents of Oxisols are
irrigated fr()lli wells using grn iLud ater from the Underlying liimcstoniic acLIuLil CIr. 

POST-18TII CENTURY IRRIGATED AGRICULTURE IN THE DRY ZONE 

The conccpt of irrigatcd agricIltIrc uip to the carly 1960s was the supply of water for puddled rice cultivation ontie
less welil-drainCd soils and inaintaining standing water from seedling stage to naturity. Irrigation of other field crops inthe C(illlnid alrca Wa. pIhi llcd by thc\\'Ols Irrigation Ordinancec. Th- pionecring research donc ata lie Dry Farming
Research Station, Maha Illuppallalia (located in (lie northern )iDryZone), during the pcriod 1952.62 demonstrated fhe
tcCInical fCasihilitV oflidryand farming under raiifcd conditions. Morc important, it focused attention on tihe potential
of non-rice crops on tile \Cl-drained and imperfectly-drainCi soils of thC Dry Zone (Abcyratnc 1956 and 1963).
Furthermore, he stliics Ol hydrology and water consuilmptioi pattcrns of crops (Panabokke 1959), erosion and

run-off charactcristics of' Reddish 
 Brown Earths (RI-.s) (AIlcs 1958) and a detailed study of tilc Dry Zone soils(Moornann :111d Pana okkc 1961) helped to broaden the scope of irrigated agriculture to include all field crops and 
diversified cronping on irrigable lands. 

LIMITATIONS OF THE LITERATURE REVIEW 

The volume of research on the northern Dry Zone (DL )* soils, hydrology, crop diversification, and irrigated
agriculture over the past 30 years has not been matched in ilie southern Dry Zone. Hence, this review is based on
information availablc Iromlthe former. Ilowc'cr, despite tile apparent similarities between the northern and the drier 

*Agrolinolist, Intcrmitiomal hrigatin Manageme ili itu (IINtI); and IDcpuiti h I)ircctor (Rcsearch). Regional Rcsearch Slatini Angunaikolapal-
Ikssa. i~urtmn'niDir ,rteAp cif i . Cl'l'iinincitof Sri iinkLa, icspcctikcly. 
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southern Dry Zone, the differences, even though small, may have significant effects on the water requirement of crops 
in the latter: particularly because the Kirindi Oya project extends into the southern semi-arid zone (DL5*). 

THE DRY ZONE LANDSCAPE 

The Dry Zone has an undulating landscape with a definite ridge and valley pattern. The northern Dry Zone (DLI) 
has relativelv low ridges and broad flat valleys while the southern Dry Zone, due to differences in erosion, shows a less 
mature landscape \\ ith less broad valleys. In such a landscape the topographical position of the soils determine their 
hydrology, hence the cropping pattern, management, and irrigation regimes. 

The soils of' the )r\ Zone are differentiated into a catenary sequence closely associated with the landscape. The 
convex Lipper slopes cotnsist 01 well-drained Reddi,;h Brown Earths, RI3Es (Rhoduwtalfs). The middle slopes consist of 
inperlfc(tl\-drainCd RBIFs. aaod the concave bottom lands arc composed of poorly-drained Low Humic Gley soil. 
l.Ilis (TropilqMlfs). ald var.ing extents of alluvial soils (Entisols). together with Saline/Alkaline soils. The important 
soil characteristics and soil management problens are described in various publications -- .Joshua (1985), Panabokke 

1967. 1978), an1d S1oiasiri I198 1 ). For the Kirindi Ova area, detailed reconnaissance and semi-detailed soil Surveys
and land classification studies carried out by the Land Use Division of the Irrigation Department provide essential 
information for irrigated agricultural development. Trhe soil survey and land classification reports are available at the 
I.and lse )ivisiin. Irrigation l)cpartlmcnt. 

CROP DIVERSIFICATION 

The current major objectives for crop diversification are to: 

I . Select and match crops for different topographical land classes to optimize water use efficiency and economic 
returns to farmers: 

2. PC\ ent O\er-production of rice. considering that self-sufficiency in rice has almost been achieved; and, 

3. Grow non-rice crops during the dry season (yala) when stored water in reservoirs is inadequate for rice 
cultivation. 

Three aspects of crop di\crsification require special attention: I ) the place of rice cultivation in the dry zone, 2) crop 
selection and potential returns,.and 3) laid preparation and on-farn water mnanagement. 

The Place of Rice Cultivation in the Dry Zone 

(11 R&L. The term "'uplaind" rice in the context of the dry zone refers to dry-tilled, dry-seeded rice on bunded 
land with or \%ithout irrigltion. In the coastal plains of the northern and eastern provinces there is no 1vovision for 
irrigation. With tle rains and consequent rise in ground water the land issaturated and the rice crop raised in standing 
water. This is referedltL o as "Manawari" or rainld rice. 

I I andIII 5 eli. Ie Iitg -cthit~!l rioiru ' rcile nmr tf Sri Iamlka (It176).iLtn in tLa nkaro-ccnlt~ic:I 
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The term upland rice can also be applied to buinded rice land with limited irrigation supply. These lands are located 
in the lower aspects of the topography in the broad inland valleys of the I)ry Zone where the watertahle remains at or
close to the surface during the wetl mala season. The land is dry'-tilled with the first rains in October and rice is 
dry-seeded, eithe, broadcast or row-seeded ssithut puddling. The crop is raised using rainfall and limited irrigation.
This is locally :eferred to as either 'dry sown" rice or "non-pluddled' rice cultivation. It isessentially confined to the 
imperfectly and po;rly-drained soils. 

Iau'It r C,,,. This is traditlional puddled rice cultivat ion Oinpooiriy-drained 1.116 soils iI Iowland \'aile\s. using 
broadcast sprouted seed or transtplanting. The water supply is tile seasoIinaI rain fall SUlppieinC Ilted with Irrigation.
Planting is generalls' done from late October to l)ecembcer. The crop is heasil.\ dependent on irrigation from land
preparation to maturi v. In tile major iiration sysiems, puddled rice culti\ation is practiced on both tihe welil
drained Rill, aid. the porly-dra ined l116 soils. 

t'ictplaii Rh' (LultI[.u Tie se:isonal rainfall in the dry zone iserratic. uaict-ble. and poorl' distributed. |hence. 
pure rainled rice ssitlulnt supplementary irrigation is highly unstable \ihiliLrequeii crop failure. of vari ingmagtnitude. 

Alles (1967). ss'orkin g il iain',d rice rescarci at NiMahaihi up1aain a i r 1i\eCCOI suli e years (I 962-66). reported
high'\, variable ields (f' 1.530: 3,621: 408: aild 2,040 kilograms per hectare (kg/ha) for eich sLccessive sear. The 
main problems \ere poor rainfall, both inIquaLntity and distributio. alld heas\ \\ed grioslh. 

At \Va lagaibalisa, a typical iortlhern )rv Zone (I)1. iank \illhage.ssvit \\tter scaicils asuticCeslu'uI rice crop
was obtained onl\ olice in four or fis'e sears. In this village the Departllel if Agriculture (1)OA) undertook i 
crolpping systems resealrch program fi loi 1976-81. ssith the o)bjecti\e f ii'ieiCasill \siaer use eficienc\ alld land use 
iiteisit,. Upaseia (I1986), reporting on tihe finlings. states that \\ ii dr\itillhage ad dry seeding done prior tIo lieima in 
nai,:i rains (i.e., Septenher irearls October. rather than the customla\ S05 I iii No elber to DeCcemnbr), and \\ith 
a short-term duration rice \ariet\ (3iloih), sufficient \\ater could h siised in the tank fOr raiisin, in \ala a second 
loss's\ater-colsiLm ptioiil non-rice crop such is pulses. IIo\\sr.e\tendiig the findiigs t other are. throLigh the Tank 
Irrigation Modernization Project (TI PP) did 11ot prOe i0piullar llnig fi'iticrs (Ministrs' of I.ands 1983: Aheysekera 
1985). Tiie niain reasol.i \\ere the highI cost of dr' tillage iSilg taCtoirs, IICa\ s'eed infestti ioi anlldhigh cost of Wveed 
control. a il ie se iil tsland titie to erratic early seasonial rains. In stinlnar\. liehigh cist anud risks were unaccep
table to small farmers. 

Iihaatha anilRanjitih (1982) carried out i series of investigations at lhe On-farlm Water Manageien eit Resen;ch
ProJect IWMRI). Kalan kultisa. on cultivation aLd on-field \\ater nmanagcement of upland rice and non-rice crops.
ShortLitaid iiiCLIiin LIlilration rice \areties \\ere grown ill earl' iinaha (i.e. mnlid-Septeiniber to late Noseiniber) with tilete 
objectivse of making mali ini use of tlie seasonal rainfall. The land \S preparId \5it Ipre-irrigation. dir\ tilled and 
dry sown. It \\as found tlhia t coisiderable sa'ilgs in irrigation sswater ws'as possible. The \\',tier use efficienty Ior upland
rice ranged from 5 kV grain/ 10' liters 01' appliiLI Water (ass'.) to 179 k, rainll/ 0 liters of a.ss'. coinlIareCl ss'ith 32-99 
kg grain/ I5liters of a.w. iil tile case of loss land rice. 

The wide range in \vater use efficiencs' in ulaiind rice, ai indicatlion of instatlilitv. w ma in'Iidue to fields where tihe 
yield was low owsing to heavy weed infestation. Moreover, ss'iththe crops plaunted earlier there was i saving in water
but the yields were low, ranging from 1,342-1.900 kg/ha. The crops planted later (i.e., late October to late Noven'iber)
used more water but gave higher yields: 2,870-3,110 kg/ha (I)inantlia and Ranjith 1982). The latter was most likely
due to the LrOp heading anl ripening during .ianuary, and February when solar radiation is high. 

Thus. there appears to be a trade-off belts'een water use and yields. The seven da\Y, irrigation interval resultel ill 
fields running dry and contributed toi heavy weed groswth and possibly to ssater stress as sw'ell. A three day \v'atei 
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rotation would have been more desirable but could not be done owing to the design of the irrigation system. 
l)imantha (1986), summarizing the work. stated that tie results thus far (up to 1982) were not encouraging. 

The use of unpuddled soil for tIlmutd ri. results in high seepage and percolation (S&P) losses. For example, the 
loss from a dry ploughed field ranges from 200-1,000 millimeters per day (nn/day) while that for a newly puddled 
rice field and an old puddled rice field (RIHE soil) are 70-120 amm/day and 10-20 mam/day, respectively (Table I; 
l)inman11tlha Vld .JO1shtua. 1986). 

Table I. Seeplage from channels and fields. 

I;4111, " nte'IseetdlqLt 

Site mam/day m/day per km 

Secondar\ channel - 320- 1280 
Newly puddled rice field (RBE soil) 70 - 12 700 - 1200 
Old puddled rice field (6 \,ears) 10 - 20 100 - 200 
I)ry plowed field 200- 1000 2000- 10000 

Source: l)imnthaM and Johlua (1986). 

The S&P rates of good rice lands are 0-3 mni/day, while that of dual lands (i.e., rice and diversified crops in wet 
and dry seasons respectively, should be less than 8 ram/day) (Miranda and Panabokke 1987). Apart from being 
wasteful of irrigation water, upland rice cropping results in loss of soil nitrogen due to alternate wetting and drying of 
fields and increases stusceptibilit to Nast disesC (P. 001.h'c)owing to low silica uptake. 

Chandraratne (1981). qluo.ting the work of NEI)('O and ACRES in the Mahaweli area, mentions that the net crop 
benefit/ha fron Upland rice is around 50 percent less than that from non-rice crops (dry foot) and lowland rice. 
Moreover, the water use eflicienc\' of upland rice isalso abo.ut 50 percent lower when compared with that of non-rice 
crops i.e. Rs 0.35 compared with Rs 0.75 per cubic meter of water. 

Loilid vuc cthlmntill. The rechnolog', for lowland puddled and irrigated rice culture on LHGs is well developed 
and known to 'arners. 

When the upper slope RBEs are irrigated a c ,eful monitoring of the salinity level of drainage water is necessary to 
prevent saliniation of the l.lIGs. Unless careful attention is paid to the management of the watertable and draitlage in 
the LIGs. salinization Lould easily occur. 

Crop Selection and Potential Returns 

The informiation avaidable oin growing non-rice irrigated crops on RBEs and LHGs in the northern Dry Zone 
indicates a high potential for production and net income/ha on irrigated RBEs, especially in the yala season. Informa
tion on the more promising crops is given below (Dimantha and Ranjith 1982; Dimantha 1986; Somasiri 1981; 
Upasena 1982. 1986) and inTable 2: 

t'ilfli.: A popular crop among fhrmers. Grown more successfully in yala on well-drained and moderately 
well-drained RilEs. The watertable should be kept more than 60 cm, preferably Imeter, from the soil surface. 
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Sbeall: A very promising crop for both yala and maha on RBEs. The crop has an appreciable degree of 
tolerance to "wet feet," anc, could be cultivated in yala even on LHGs provided there isgood drainage. 

Vegetabkes: Brinjals, okra and tomato have given high net cash returns on RBEs in yala. 

PIfses: Cowpea ('it11a silIttis, yield 800-1,200 kg/ha), greengram (Vi011 r-latwa) and black gram can be culti
vated in yala and maha on well-drained RBEs. 

Oif crops: Groundnut does well on the well-drained RBEs in yala and maha. 
to lift the crop. Yield isaround 2,000 kg/ha.
 

Otier: Onions (shallots and "Bombay") can be cultivated in yala en RBEs. 

cm) needs frequent irrigation.
 

Table 2. Crops suitable for diversification in relation to soils, land, and season. 

Crop Reddish Brown Earth 

A light irrigation may be required 

This crop being shallow rooted (10 

Low Hlumic Grey 
Well-drained Imperfectly-drained Poorly-drained 

maha yala maha yala maha yala 

Rice (Lowland) . _ + + 
Rice (Upland) '? + . 
Chillies +* + + -
Soybeans 
 + + + d. -
Groundnut 
 + + + + -

Cotton 
 + + + -
Gingelly + +
 
Cowpea 
 + + + -
Greengram + + + -
Onion + . + -
Sugarcane + + + + -
Tobacco + + + + -
Maize + + + -
Vegetables + + + 

+ - could be grown, - not recommended, ? - insufficient information; *to grow chilies on well-drained soils in maha,
late planting is necessary and the water table should .not be more than 60 cm from the soii surface, preferably one 
meter; **deep drainage drains are essential. 

Dimantha et al. (1981) showed that on irrigated RBEs during yala the net income from crops such as chi'lies,
brinjals, and soybean ishigher than that of rice. The net return (Rs/ha) for chillies and brinjals is Rs 25,456 and Rs 
15,786 respectively, compared with Rs 6,400 for rice, as shown in Table 3. 
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Table 3. Average yieds, costs, returns and waler use Of upland crops compared with rice during yala, 1980. 

Sovbean lBrinjal Chillie RiceSoil 

Yield (kgz'ha) RBE RBE RB6 
 LIG

2361Price (RSKCP 14213 1548 4840 
A\eragc ln.urn, 1.65rlos,, s ha) 

4.95 25.30 2.37
11688•,eragce 23452net rcu, (R/1ha) 38905 11500 

A\erae cO',, 
5459 15786 25456of prIodution (v hs//la) 6400
6229 7667 13449 5100 

\Vaet u,,eidel\ (k,har(c .t I1)( liter, 427 7,325.5 161619.() 671
2.3 3.0 

Soturce: l)inianiha: 
c a.(1981 It SS 1.()(
- approximately Vs 17 in1981 and Rs 32 inmid-1988. *'104 liters will 
.e I hi a 1 ofecirle 
 dep thiI i: e11. 

Itis a,I 'te [101l l hLc 3 thiIIie C , of iproduction 
 tlrice (i.e.. the initial1'01 0rher en4p, ICAe.-.P investment by firmers) is lower thanS.It)00 per ha for rice colipared \with Rs

oilier 0 ,p. 


13.499 per ha for chillies). Perhaps this high cost of:l1l10 l0tl1" i.st1ln s ,\laills the hfaicllelir, allachllentl to lice cultivation. 

The a\Ca-e lictie'tiCi, ulr tihrspCelisc crops, the a\erage
irri1,1i12 range of water duty compared with rice, and thexatcr;1c uIlS'
0-iCIcnic
 ,,NI c i\Cl I'l TAl'A+C 4. 

la lC 4. RIct liiiiiindi, djicr,,iliedfr irrigalil, schemes compared to rice, giving average net returns. 
cr p h 

C'rop 
Average range of: 

Net Return \Water Duty(Rs)* Water Use(11111) Index** 

S1"h2i cae 
15000 - 25000(Irii)liel 1000 - 1500 125 - 25015000 - 35000"a15000 500- 700 200-400 

- 25000Sl beal 500 - 800 200 - 3005000- 15000'otton 250 - 450 75- 1505000 - 20000 250. 450 125 - 425
 
)IIIa ,;,l~,lt11111 ,'
d h1111U 
Rice 

6000- 15000 1200 - 1500 50- 100 
\htttht
u'N dhl dhuit, 

silvbeI 
2500 - 6000 50 - 100 109 300 

RikV 
5000 - 1000(1 600 - 750 60 - 100 

Source: I)imantha and Ranjith (1982), *US$l - Rs. 28; **Rs. net return/10s liters applied water, 105 liters
lIt'elld 1\4()il'of water. - one ha
cill 
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Studies on the economics of diversified cropping under irrigation were carried out by IIMI at Dewahuwa and 

The findings show that non-rice crops
Kalankuttiya (Mahaweli area) in 1985 and 1986 vala (Panabokke et al. 1987). 

net returns (Rs/ha) than rice. Furthermore, the cost of
such as chillies, grecengram, and soybean gave higher 

production (i.e., the initial investment of farmers on chillies, the crop which gave the highest net return in Rs/ha), was 

two to three times that of rice -- Rs 8,386 and RS 13,010 for chillies compared with Rs 3,661 and 4,339 for ricc (Table 

(Table 3). This reason, among
5). These data are consistent with those reported by Dlimantha and Ranjiti (1982) 


others, may explain why some farmers are reluctant to non-rice crops. Moreover, a study of cropping in relation to
 

drainage conditions in vala 1985 and 1986 indicates that farmers' decisions on crop selection takes into consideration
 

the importance of soil drainage conditions: see Table 6. Similar results were obtained at Kalankuttiya as well.
 

Table 5. Crop costs and returns, yala 1985 and 1986. l)cwahu'\a. 

Rice Chillie Greengrarn Soybean 

1985 Yti 
1435 41 42No. of farms 

0.37 0.47 0.37 0.36
Average arca planted (ha) 


600 1400
1300 900Reported yield (kg/ha) 

4968 27351 11772 12177
Gross returns (Rs/ha) 

3661 8386 3852 3232
Production costs (Rs/ha) 

1307 18965 7920 8945
Net returns (Rs/ha) 

1980 TYlhh 
3530 35 49No. of farms 

0.41 0.34 0.31 0.41
Average area planted (ha) 


751 1853
2292 1073Reported yield (kg/ha) 

7814 26265 12848 16863
Gross returns (Rs/ha) 

4339 13010 5682 4098
Production costs (Rs/ha) 

3475 13255 7166 12765
Net returns (Rs/ha) 


Source: Panabokke et al. (1987); US$1.00 - Rs 28.00.
 

Table 6. Crops planted under different ditions yala 1985 and 1986, Dewahuwa.
 

Well-drained Intermediate Poorly-drained 

IQ86 1985 1986 1985 1986
1985 


8.0 15.117.2 21.1 28.5 17.0Area of sample farms (ha) 
1.7 3.7 30.5 28.4 60.0 43.2

Area planted to rice (',') 
98.3 96.3 69.5 71.6 40.0 56.8Area planted to OFC* (';) 
52.9 28.4 28.1 25.4 26.3 10.0Chillie (/) 
37.3 31.8 30.5 29.4 7.5 23.9Greengram (7) 

8.1 36.2 10.9 16.8 6.2 22.9
Soybean (() 

Source: Panabokke et al. (1987), *OFC - Other food crops. 
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11:1ixxiih ' Ie t hea1' calders cOLIILI thoseIh \%i I'(Linil I cciti 11llshCf d be signil ica tl. hiher 0hi1 of tail 
c' III dill.rCn c 11l0iiI re. UisciiICIS I t r. xx111ihIci t s xx t s ni f caiil. Theire talil end Ct ld e" .lIcoLIrged to grow 

ch hIile.s l i ccSi s \\latr or c I 'idCd are11c0Io I Ic Cit'il M I' r ilniill lCi Loi1ditiLo s not lim illtg. IItO 'Cwver, 

00lt)_,-dirinI1-00 lax le0 tie Same asiI'Mi 
ciop1 1i1l Iit'lC')Ic \\x ildIl ;t C iIiIL;itlil \\1ile1. lhis Stmli also resea tll ;l rkice \ icild ill xli \l\eC' MIrooiId 2.5 
tons ha. hu c'ild Ibe J1 ]i)\\ is .3 ltis hi IinilkINC i al. 1987). Ihis ailso is ctonsiSlCnt xMiii eirlier liindingS 
(I)hlil llia ald .l i t INS61) 

chill, I1c hl ct 40 .t tal 5;i'r 0 ickfirellint iSabout i 3-lonth rice 

iili 

IItl 11i llJ111 I Ou ',IacL.C iI'lil ;ill sil i l'tiiiIl cr iTli (II\ rsil'caiiio ;liidLIlSo I'01 Ilt aild rice cativ aion., ClTIci it 
dlihlwie toIpux cil l axicihd rot liliatuc or lptiilliilill \uiertible liglas is:as;1 porlant as irrigaion. The 
p001 cliI Of tiacat'ic il,'tc 11Ci M 1liC SLueircanc ipili iprQjecL. Kantal;i (Soialisiri I t)9 ), together with the 
p lu p~crio rli uliilc c iou rlicop c x\ eni lo ss I m, ic e xxili eihl . is clea;r 01 ortanlc e ofii< i , ld u xxallerih m cx'id e'nc c li et i m pl 

proxidin golod di iill,ic I Icinc. di d c'i il ;IrIt lii lie past.10i11oiCccixr muIc'h ititpnoit il ii titeuititin Inl fact,
 
slimiiaii I QS I h ' lt-sc'd I~II I the dIll loptiucttlotIlCxl afeal\\ th rina1c ilpruixeilent shlilI precede
 

ILand li'epliiinllin ()an-dlar Waer Nl.1allii ll,\VIill 

Il'. , unIultilti, iue Il tlie pie"Cill iprcicC 
e Oiinofind aind 1hearicL'L tlttl' Illl iClxc'ihlminIn b\ nalu.thi, inili\ii1uil 1l11bals I l, filla 'an1d 

Tle )i\ /,inc 111i l tielpli., or Iai dexloincit., hIlliCJi)di tile rOLlgh 
(l Olh,t 

prepiratlioI Iilncr Ia.\ bsinsi lic hnlix balsil. o1' all oneit land Smfac.,LOuit md Icx-ci dlI BlcuCulCs IIhdilchlltliii e 

th aliiiihcr Oillmdxiill bin pcr hitci;r i I froln xx axHihitS ix ii aVl' rag clcevation. This
m .1(0-400 ilh ech bsin 
iP deCtriiicilii hI Itlttc'iec oh ll icint coiix enlitinl siil(ce' hitatiiln nli'ehod excCpi f'or flol irrigiltion IOr rice. 
..\istt. lilac'c' thrI;iiii2C i diliihiCnl iicirl iiciC'cnditiilul. IIViCtL (in ield SUtliCs' coni 'licdat Kilanktitli a. Josliia aild 
Knierilm (I 981) rcc'iiiilcndii I.i lilc'lics ciace , iild grade of'0.2-11.3 peict along tile('itis cllci'l (irAiCld \illi 

ctlltouir a CndONlen icus0"'..A ICric'' 10-21) ilCtCS uLepCndiL Oin the shapC of le land 1ind t pCrmissiblC
ii xxidih or 
eaill cul of IS cni is iIci mni mctcui..hIuhita 1has1\' iito ul I lCiiiiqeLIC lor reciSion shapingand Kinicrim I I I) I :i1alo 

of lanid in sinaill FilMlll.
 

d i l 
lild high \,lier use cliiCicilCX %cxii clli'cxlii Fti lie Inuitit\\CI Nci a 1s1i\st'eil of irrigiiliOn Ftor 1ipla ni crops (.hoshiua 1980. 
.oSlliiil and Knicrii IXl ). li ii iF t)lptilllll si/' aii cts'OlrLInC( l tie grilCd bCnch teriacC with ridges ani 
I'furlro\s xxiihii (ie bainii.aid each basin Iiis igilcid h.\ a lef uipI ditch se paratlc v. The bas din isions. irrigat itm 
Stream si 12. 1rig01iitt chC l iiiilrtlr ll i ( 198(i). 

Arrmong the dil'it Siltl-ce illi-illlti Illlllomehd (n ill at Kalaiikutitla. good wa'iter conitrol, firmler adaptabilit 

;11 iri-illlon tic' ticriel'd h\ .1h1111: 

Studis oil oi-iilrlll xxic'r nawwlllclll calricd out at Iie lMalia Illupallia resarchS taion, pilot project at Malla 
lllupiiilini.Ilci CIrai. iid KA;iItaiai oCx tlie piCiLI d 1972-8) has been lepoited bx Somasiri (1981). Similarly, 
oll-Ilrill \x;l iI i;iag t illc'li*lllL, ttr tilt' diffelrit soil ;IItI Clim ili ruions 0tl' Sri Lanka have been doeeribeil b,r ciiclii ic' 
l)inluiita ntil' .\1x i ii 984 TI. incluChIc sciccitt iof crttps iOIic'laiiin 1I soil Miid climate.,a rlonlic practices. 
prutpei' irililiOil pii) ',liiiC's ;il i iIMis ll L it ;ii tii i dilill;Wir x ,. 

eii'irrigaitiln li'uI nccit's rtctIi ii'ltilCL 1ir diffClrCit crops til \\xill- driineud soils .iregiven ill Table 7. 

The irrit I Irc' lntiClciC's I'iMilnirl'cIctllv-ihlrMinl nd i m)rl-ihr'iiiil I1(i soils ire highly variable. Both the 
CIigC I'rl. ld Cbelainncl" Mid css xxWii e appl lilion il tn ile adjaCel1 wCl-ilalhled Iianils ilflLiCe Ii dti 'h lroolgiicaii 

ctiLuliditIOn ill tl' iilll rlccl\ a pillilt IiLIs. A ul 'I iit' intie'iI bet 'CC ir rigitio ns canno thlie refore beou'l.-iiaincd 

r'cttnineC alulI. ' Ihret il l"ie ir riiuiin exai( e0t'0lh. llFtI lil\, iliiC' t1haii l for well-dra iincid lands may be requiiired. 
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Table 7. Irrigation frequnen ces of crops on well-dililed lantids. 

Crop )u ration Frequneny No. of irrigations 
(days) (days) req ired 

Chillies 200 6 20 
Cotton 135 8 17 
Groundnut 105 8 13 
Soybean 90 10 7 
Black gram 85 7 - 10 7 
Greengran 85 7 - 10 7 
('owpea 85 7 10 5 
Oii101 90 3 4- 23 

Source: Sonasiri I 98 1 

ACK NOWIEI)(; EM ENTS 

This rc\ ic\w \a, carried out with finiaicial assistance fronm the Asian )e'elopnicut Bank. I earlier version appeared 
as a section f e ievic' inIII the 1. EIiuI:'O1 I fT 'I t ct-Yi'[ (i.,l, IlW , l S.L',the lite ratur inclded I i.,iCL,0.1ii,1' 

.)1 10jtl Iv.'t,,c,uz,,1 . ,l prepared byT II%1I in March 1988. D.J. MereV and P.S. Rao made 
cll me ns aid Slgge,stiltm earlieril ts hliiere ic \as written \itih Kindi ()va in nilld. htll has a broader 
rclevalic'e. 
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