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PREFACE

The research reported in these three volumes was made possible through a
Technical Assistance grant from the Asian Developnent Bank, and through the
close cooperation of the Govermment of Sri Lanka, IIMI is grateful to both
for their support, assistance, and cooperation during the study pericd, We
pay special tribute to the project and field level officers In the two systems
studied, Kirindi Cya and Uda Walawe. Without their active cooperation and
assistance the study could not have been completed. Their positive approach
to the study i1s especially appreciated since during most of the period they
were working under very serious constraints and threats due to the disturbed

conditions in the country, and since our study wes somewhat critical of the
management of the projects.

Our major objective In this study has been to 1dentify and diagnose
problems affecting the performance of the two systems, and rscommend practical
steps that could be taken to solve these problems. Thus, we measure our
success as much by the impact of our study, i.s,, ¥ts usefulness to our
clients the irrigation agencies, policy makers and donors, as by i1ts
contribution to irrigation management knowledge itself.

The present report reflects some additions and changes over the Draft
Final Report. Volumes II and III provide detailed analyses of cur data on
Kirindi oya and Walawe, respectively. We have added a new chapter to both
volumes analyzing changes that occurred during the 1989/1990 maha season,
i.e., since the Draft Final Report. In both systems very significant
developments have occurred, some of them iIn response to the Draft Final Report
itself. We have also revised the chapter on crop diversification (Chapter6)
in the Kirindi ¢ya volume to include additional potential crops, and the
chapter on irrigation system performance (Chapter 4) in the Walawe volume to
include data from the same distributaries for maha 1989/1990. Otherwise, we
have made corrections and clarifications throughout the other chapters, to
reflect comments and suggestions received from various readers.

For volume |, containing the overall reconmendations and conclusions on
both systems, we have not changed the original recommendations, which still
stand, except for some editorial corrections. We have added additional
sections providing additional recommendations and observations for both
systems, based on the more recent fieldwork.

This Final Report provides the data base for the proposed Phase 1X
study, which will be an action progran to field test and evaluate some of the
recommendations contained in this report, and will also provide additional
data required for overall system planning and performance monitoring. Taken
together, this work should provide a model of the kind of impact management-
oriented field research can have on iImprovement of problematic irrigation
systems.



CHAPTER 1

INTRODUCTION

CONTEXT OF THE STUDY

This study of Irrigation Management and Crop Diversificationwes carried
out under a Technical Assistance Agreement (T.A. No. 846 -SRI} dated 27 November
1987, between the Government of the Democratic Socialist Republic of Sri Lanka
(GOSL), the International IrrigationManagement Institute (1IMI), and the Asian
Development Bank {ADB). The study was implemented by 1IMI in the Kirindi Gya
and Uda Walawe projects In southern Sri Lanka In close collaboration with the
agencies In charge of development and management of these projects. It
addresses, through field-level research, priority issues of Importance and
relevance to the two projects in the processes of irrigation system managsment.,
with particular attention given to the requirements of crop diversification.

PROGRESS OF THE: STUDY

The study commenced on 1 February 1988 and wes of 30 months duration,
including an additional four months®™ extension to finalize the Final Report.
The first season of field research In the Kirindi Oya project was started iIn
March 1988which corresponded to the delayed maha (or''mid'") season of 1987/1988.
Due to the uns=ttled social and political situation that prevailed in the study
area as well as i1nadequate water availability at the storage reservoir, only two
seasons of research {maha 1987,/1988 and yala 1989) could be captured during the
period of study in addition to the last maha (1989/1990) season. The Draft Final
Report synthesized the research results of the two seasons of completed study
along with the preliminary results obtained during the ongoing maha 1989/1390,
This Final Report includes an additional chapter on the impact of the draft
final report on the implementation of the project, analysis of research results

of the maha 19839/1990 as well a= iIncorporation of suggestions received on the
draft report.

REFORTING OF THE STUDY

An Inception Report (1IMI 1988a) was submitted in mid-March 1988 at the
end of stage 1 of the study. It contained the findings of the literature review,
and the research proposals and program, detailing data collection, field
observations, analysis, and expected results, and other details of implementation
for stage 2 of the study covering four seasons of field research. The
identification of the sub-system for research was also part of the research
planning described in the report. A Progress Report (1IMI1988b) and an Interim
Report (1IMI 1989a) were submitted in October 1988 and April 1989 respectively
during the on-going research. The Progress Report described the progress in the
implementation of the first season of field research, and preliminary findings.
Based on the full season research of yala 1989, a Seasonal Summary Report (11MI
1989b) was prepared which summarized the findings of that season. The Draft
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Final Report analysed the results of all the previous seasons including a
preliminary assessment of the work during maha 1989/1990. This report was
reviewed at the meeting of the Project Central Coordinating Committes ON 15
February 1990 and a conmittee was constituted under the chairmanship of the State
Secretary for Irrigation to suggest remedial measures urgently to improve the
management of the project. The Draft Final Report was also reviewed at a
tripartite meeting (ADB,cost and 1IMI) held on 20 March 1990. This Final Report
incorporates views and comments Of the tripactite meeting and others. It also
contains further analysis and rscommendations for improvements and follow-up
studies which are considered necessary.

The Appendix to chapter 1 provides extracts from the Inception Report on
the sal=ction OF the sub-systemand Figures 1.01 to 1.05 (mapsand scheme layout)
for easy reference regarding field research locations.

IMPLEMENTATION

Field offices: A house was rented at Tissamaharama to serve as Field office for
research staff and also as residential accommodation for the research officers.

Jtaffing -- Intemational: The following senior staff of 1IMI worked on the
study:

Dr R. Sakthivadivel, Enzinser/Team Leader

Or C.R. Pansbokke, Agronomist/Senicr Associate
Dr D.J. Merrey, Social Scientist

Dr M. Kikuchi, Agricultural Economist

Dr P. 5. Rao, Team Leader associated with the project up to 22 August 1989,
left 1IMI and Dr R. Sakthivadivel succeeded him from that date.

Staffinz~ National: Research Associate: Mr W. A. A. N. Fermando (Irrigation
Engineer), based In Tissamaharama, was In charge of field research operations
and coordination and supervision of research activities in both Kirindi ¢va and
Walawe projects until 15 March 1990. After his tenure with 1IMI was over, he
went back to his parent Irrigation Department to assume charge as Deputy
Director, Moneragala Range.

Research officers: The following research officers worked on the project.

Mr P.G. Somaratne, Sociologist
Mr B.R. Ariyaratne, Agricultural Engineer i
Mr AP. Keserthipala, Agricultural Economist (till 20-12-1989)

COUNTERPART

Mr B.K. Jayasundera, senior irrigation engineer, wes nominated by the
Irrigation Department as counterpart for the study. After his transfer fromthe
Kirindi Oya project, ¥r Sarath Wijesekera, his successor, ws the counterpart
for the study.



COMMITTEE

The First Study Coordinating Committee meeting was held on 11 May 1988 at
the office of the Chief Resident Engineer iIn Debarawews to discuss the Inception
Report prepared by IIMI, The meeting provided useful suggestions for
implementing the research project. The second Study Coordinating Committee (8CC)
meeting was ON 7 March 1989 at the office of the Chief Resident Engineer in
Deberawewa; the second Study Advisory Committes (SAC)meeting was in Colombo
on 16 March 1989 at the office of the Director, Irrigation Management Division.
Mr T.C. Patterson, Manager, Asia West Division 1 of the Asian Develocment Bank
rarticipated In the SAC meeting and also visited the field research location on
13 March 1989. The Progress Report submitted in October 1988 was discussed In
these two meetings and useful comments and suggestions regarding research were
made by the members of the Committees.

The third Study Coordinating Conmittee (SCC) meeting wes held on 25 May
1989 at the office of the Chief Resident Engineer iIn Deberawewa; the Interim
Report submitted in April 1989 was discussed iIn the meeting. Crop
diversification issues received particular attention at this meeting.

The Interim Report was presented to the Asian Development Bank at Manila
in the third week of June 1989. In response to the suggestion made iIn this
report, Mr Peter Smidt of the Asian Development RBani visited Sri Lanks during
the second week of July 1989. During his visit, a nunber of decisions were
taken, the most important one being the constitution of an action committee with
all relevant state departments represented, to prepare an implementation plan
for other field crops from yala 1590,

The fourth Study Coordinating Committee meeting was held on 25 October 1989
at the office of the Chief Resident Enginesr, Tigsamaharama, to discuss the
Seasonal Summary Report. The third Study Advisory Committee (SAC)meeting was
held on 16 November 1989 in Colombo, with the participation of Mr Peter Smidt.
The research results of yala 1989 season were presented and the importance of
improving the water delivery performance was brought out.

The Fifth Study Coordinating Committee meeting was held on 27 March 1990
at the office of the Chief Resident Engineer, Tissamaharama to discuss the Draft
Final Report and the draft termzs OF reference for a phase [I research study
prepared by 1IMI. The fourth Study Advisory Committee (SAC) meeting was held
on 20 March 1990 in Colombo, with the participation of Mr Peter Smidt from ADB.
The draft terms of reference for phase 11 research based on the recommendations
of the Draft Final Report were discussed in detail and the comrments OF the Study
Advisory Committee Were taken into consideration while reformulating the terms
of reference.

COLLABORATION WITH THE DEPARTMENT OF AGRICULTURE

The research component on "'On-farm IrrigationManagement for Upland Crops™
was to be conducted in collaboration with the Department of Agriculture. In
order to carry out the research, an Agricultural Research Station had been
proposed to be established at Weerawila. Because of the disturbed conditions
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in the study area, only a part of the proposed station with field channels could
be established in April 1989. sSome Field crops had been raised in the research
farm during yala 1989 with no systematic monitoring of water measursment., 1IMI
has been instrurental iIn establishing this research station, bringing it to the
present working condition and preparing an agenda for taking up action and
adaptive research. In addition, 1IMI was also involved along with other line
agencies in prsparing the action plan for other field crops in yala 1990 as
stipulated in the Memorandum of Understanding of a recent ADB mission. During
maha 198971990, 1IMI staff provided technical assistance and interventions to
the operating agencies in developing an action plan for cultivation of non-rice
crops In yala 1990 in respect of cropping patterms, cropping calendars,
irrigation delivery scheduling and land preparation methods.

PROBLEMS AND ISSUES

It was unfortunate that the pericd selected for the research wes socially
and golitically so unstable that contemplated research could not be implemented
in full. Research staff had to be withdrawmn often from the field for security
reasons; the 1IMI field vehicle allocated to the project was set on fire by an
unknown group in Jully 1989. In spite of all these impediments, field research
was carried cut for at least three seasons and the credit for this must go to
the field research staff.

ACKNOWLEDGEMENTS

In spite of the sensitive security situation and difficult circumstances
under which they were functioning, the agency officials, Tield level staff, and
farmers of the project area have offered excellent cooperation and assistance
for the conduct of the field research which is gratefully acknowledged. Some
of our observations have been critical and controversial, but this has not
affected the wholehearted cooperation of officials. We are also grateful to the
members of the Study Coordinating Committee and Study Advisory Committee for
their comments and suggestions on previous reports, and to the Asian Development
Bank for its continuing interest and strong support for the study.
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Appendix
(Extractfrom inception report)

Selection of subsystem

The study envisages the selection of one sample subsystem In Kirindi Ova
project, for intensive data collection and analysis (the intensive sample),
supplemented by extensive and intermittent monitoring at the next higher level
subsystem (extensive sample). Each sample subsystem should comprise the total
command area of one distributary canal and its field canals and should also
include botn upland (well drained) and lowland (poorly drained) soils, The
subsystem for Kirindi Oya should be selected in the newly developed Phase | area.

Based on these considerations the following subsystems have been selected for
the study.

The iIntensive subsystem consists of the Distributary Canal (DC2) of Branch
Canal 2 (BC2) on the Right Bank Main Canal (RE#C). It serves a command area of
91 ha iIn Tract 5. Each fanner has an allotment of 1 ha. There are thus 91
fanners. BC2, from which DC2 takes off, has a command area of 528 ha. The
schematic layouts of BC2 and D2 are shown in Figure 1.03 and 1.04 respectively.
The blocking-out plan for cc2 is shown in Figure 1.05. While p¢2 will form the
intensive sample for the study, 2c2 will provide the basis for the extensive
sample from the next, higher level subsystem.
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Figure 1.03. Schematic Layout of RB Branch Canal Nbo 2, Tract 5, KOISP
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CHAPTER IT

PLANNING AND MACRO-LEVEL IS3UES IN KIRINDI O0vA PROJECT

AN OVERVIEW OF THE PROJECT

The Kirindi Oya project area is located In the dry zone of the southeast
quadrant of the island, about 260 km from the city of Colombo. The service area
of the project including the reservoir covers about 21,000 hectares (ha)on the
left and right tanks of the lower Kirindi ¢ya basin and a portion of the adjacent
drainage arsas.

The climate of the project area is tropical and is characterized by nearly
constant year round temperatures (26 1o 280C). Evaporation is uniform throughout
the year, with an annual average approximating 2100 mm. Mean annual rainfall
is 1000 mm iIn the project area. The meha season (October to February) rainfall
is approximately three times the yala season {tarch 1o August) rainfall.

Soils iIn the project area consist of well—drained reddish brown soils (RBE)
in the upland and intermediate zones, and poorly drained low humic zley soils
(LHG) In the lowland areas.

The Kirindi Oys project is being developed with financial assistance from
Asian Developnent Bank, Kreditanstalt for w#sideranftan (KfW), and the
Intermational Fund for Agricultural Developnent (IFAD}, The project envisages
augmentation of irrigation water supplies for the existing Irrigation systems
(Ellegala and Radagiriya) which cover about 4500 ha, provision of irrigation
facilities through right tank and left bank main canals from the newly
constructed Lunugamvehera reservoir for an additional area of approximately 8400
ha, ad settlement of about 8320 families on the newly irrigated lands (see
Figure 1.02). Increasing focd production and providing employment through
settlement of landless people are important national objectives for such
projects.

Uder phase 1 of the project, the reservoir at Lunugamvshera was
commissioned in early 1986 and new and improved irrigation facilities were
provided for 8775 ha of which 4584 ha were already under cultivation. Phase II
construction, with Asian Development Bank Financialassistance,commencsd in 1987
and is intended to develop an additional 4100 ha of new land. The phasing of
the project was necessitated by large cost over-runs and time delays, so that
the Govermment had to seek additional assistance from the Asian Developnent Bank.

The project has been in operation for the past four years. During this
period, it has met with a number oF problem, many of which relate to faulty
planning assumptions, and policy and management problems. The most important
planning and macro-level issues relating to water distribution in Kirindi Cya
are discussed below.

A REVIEW OF WATER RESOURCES AT XIRIMDI OYA BASIN

The water resources potential of the Kirindi oya basin has been a subject
of discussion since the project was initiated. Over the years, there have been
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a number of estimates of water potential of the basin and the area that can be
irrigated. This section critically reviews the various estimates of water

availability and area of irrigation put forward by different agencies in their
reports.

,—The First Asian Developnent 2ank Appraisal Report

The Asian Developnent Bank in its 1977 Appraisal Report (ADB 1977)
indicated that the average annual rainfall In the basin varies from 2667 mm iIn
the mountains at the upper end of the Kirindi Oya watershed to 865 mm at the
river mouth. The catchment area of the river at the dam site, 24 km from the
mouth, iIs 914 sq.km, The estimated run-off coefficient varies from 0.10 to 0.45,
as the average rainfall varies frem 1270 mm to 2540 mm and the average annual
reservoir_inflow will be 393 mem. Similarly, the inflow of the wewas (Tiss4,
Yoda, Debarsa, Wesrawila and Pannsg ) will be 102 mom and the average annual\)
yield of the reservoir is 375 mem. {The cropping gattern suggested iIs 7428 ha
of rice during the maha and the yald in lowland areas, and 5506 ha of upland
crops (pulses, cotton, cereals) during the wet and dry seasons. The irrigation
requirement of rice at the reservoir sluice level is asswned to be 1289 mm for
the yala and 1244 mm for the maha; totalling 2533 mm. Similarly, the irrigation
requirements during the yala and the maha for other field crops are asswned to

be 1137 mm and 432 mm, respectively. The Liver discharge required to satisfy
the above requirement is 382.74 mcm.

The Second Asian Developnent Bank Appraisal Report

In its 1982 Appraisal Report (ADB 1982), the Asian Development Bank divided
the project Into two phases. Under phase 1, new and improved irrigation
facilities were planned for an area of 8775 ha including 4584 ha of land
presently irrigated under the old Ellegala and 8adagiriya system. Under phase
II, 4191 ha will be brought under irrigation, of which 2560 ha is upland, 670
T is land with intermediate soils, and 961 ha is lowland. In the existing old
systems, rice will be raised durlng both the maha and the yala seasons. The-
cropping pattem suggested for the new area is 71 percent lowland rice and 29
percent upland rice for the maha and 63 percent lowland rice and 37 percent
subsidiary food crops during the yala season. A field efficiency of 90 percent
and conveyance efficiency of 80 percent are assumed for rice crops and a Tield |
efficiency of 50 percent was assumed for other field crops. The total water
“release required from the reservoir for the above cropping pattern is 294 mem. .
7 In its 1986 Appraisal Report (ADB 1986), the Asian Development Bank had
lindicated that the precise Impact of tank construction in the catchment area on
ithe basin’s water yleld has not yet been quantified, but it has definitely
L’-Lfta:(,?ed the project’s water resources. Based on a swdy of 20 years” inflow
data for the reservoir, the average annual Inflow 1sworked out as 319 mem, with
an average inflow of 205 mcm and an average yala inflow of 114 mem.  The
bombined average annual inflow into the old tanks has been estimated at about
102 mem. The inflow in the Badagiriya Tark is the most significant:“ 51 mem in
the wet zeason and 31 mem in the dry season.

The diversion requirement at the resenvoir sluice level is assumed to be:
. for maha rice 1395 to 1888 mm; for yala rice 2001 to 2319 mm; for upland rice
| 776 mm and for subsidiary focd crops 1121 to 1352 mm.
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development in the catchment area,” Furthermore, return Flows from low lands in "

tracts 1, 2 and 3 on the left bank and tracts 1 and 2 on the right bank were
taken Into account. The reservoir operation study results show that the storage
IS insufficient to irrigate the total project area year-round under the envisaged
cropping pattem. It is adequate, however, for a 100 percent cropping intensity
for the maha season and about 70 percent on an average for the yala season. The
average annual project diversion works out to 297 mem.

Water Management Strategy Report

The Water Managament. Consultants (WaterManagement Consultants 1987) have
introduced the concept of irrigation-secured rainfed fanning for intermediate
and upland soils. The cropping pattern suggested by the consultants has been
to a large degree taken from the one frequently encountered In the project area,
namely rice fields in the lowest area and rainfed fruit trees on the higher
ridges between the lowlands. Fainfed upland crops and watered vegetables are
grown, elther iInter-cropped with fruit trees or as a uniform field crop mix.
On the intermediate lands, farmers grow rainfed commercial crops; rather
intensive In maha and less in the yala season.

The Kirindi Cya Irrigation system is to be operated mainly for cultivating
rice. Other cropping pattems differing in the mix of crops and crop calendars
have been studied In view of the anticipated water shortages imposing either:

- restriction of the irrigated area; this measure would safeguard the planned
yield per hectare on a reduced area.

- reduced water issues leading to a decrease of the specific yield.

To minimize yield decrease, decisions must be made on balanced water
allocations during the time of water shortage in order to obtain the best
possible results, which i1n most cases will lead to a combination of the above
measures.

On the strength of these considerations and with the objective not to
influence adversely the operation of the Ellegala system (Whose present
irrigation intensity is an average 167 percent), six irrigation regimes have been
defined for various degrees of water scarcity in the Lunugamvehera reservoir for

" the following condition: the irrigated area ad the irrigation intensity in the

Ellegala system will remain the same under any of the siIx irrigation regimes.
Each regime is characterized by the hectarage to be irrigated and by the
irrigation intensity. The hectarage of the new area is to be kept constant under
the Ist, 2nd and 3rd irrigation regimes. Only the water issueswill be gradually
decreased. Under the crisis regimes (4thand 5th) the hectarage of the new area
is gradually reduced and the irrigation issues remain the same as for the third
irrigation regime.

i

!

|
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The consultants have worked out the water requirement from the reservoir
for six regimes as given below:

Gross requirement Area cultivated Intensity of irrigation

mem % %
295 160 100
270 100 82
241 100 62
185 77 62
126 35 62

95 0 0

onsiderable change with
percent” o 1'4""i>er_c_vgr_}_’g ,
ATsd, 8iticé the 1940s

Recently the Hydrology Division of the Irrigation Department reexamined
the rainfall, stream flow and other hydrometeorslogical data available at the



A& Based on the analysis of _log term (since 1935) point rainfall at

P Tanamalaf}“:ngdmgpgﬂmandm\ the long term annual average rainfall of the

& basin is estinated as 1596 mm. The maximum average rainfall of 2229 mm recorded

occurred in 1944 and the minimum rainfall of 1070 mm in 1970. The temporal

distribution of rainfall (Figure 2.1) shows a downward trend of the basin
rainfall ad this decline was estimated as 4.5 mm per year. It is not clear
whether this is an indication of a long term trend or is due to changes In Iandt;l

use patterncoupled with deforestation. As a result of this downward trend, the

run-off series could get affected.

A hydrometric station had been iIn operation at Ellegala from 1944 to 1952
and subsequently the site was shifted t0 Lunugamvehera dam site, Which is about
15 km upstream of the original site. This was maintained until 1979. when the
estimated annual basin rainfall was correlated with the annval stream fI6w, it
was found that there was no acceptable correlation between these two events
(correlation coefficient 0.60), iIndicating the presence of outliers or other
erroneous observations or both, In the series.

In order to obtain a fresh stream flow series for comparison with the
available original series, comparison Of observed stream flow data at the new
hydrometric station at Tanamalwila during 1986/1987 and 1987/1988 water years
with the original historical series ws attempted. The new hydrometric station
i1s well equipped with modem iInstruments and intercepts 735 sq.km (78 percent)
of Kirindi Oya catchment. The rating curve recently developed for this site iIs
sufficientlyaccurate. The following :s the summary of observations during these
two years.

Water year Basin average Run-off at Run-of f/Rainfall

rainfall Tanamalwila at Tanamalwila.

{(mm) {mm) %
1986/1987 952 50 (37 mcm) 5 -
1987/1988 1624 446 (328 mcm) 27.5

It was found from the original records that water years 1944/1945,
1970/1971 and 1973/1974 had similar rainfall distribution to the 1987/1988 water
year. Moreover, the 1987/1988 water year rainfall was 1624 mm, Vvery close to
the average. By comparing with the measured run-off In the 1987/1988 water year
after making necessary corrections to the annual rainfall, 1t was found that the
estimated run-off in the original data series wes 40 to 60 percent higher.
Results of this comparison are given in Table 2.01. In this case, the
incremental inflov fronm 169 sq.km from the Tanamalwila gauging site to
Linugamvehara reservoir is computed on the basis of 120,000 m per square km.
On this basis the total run-off works out to 347 mcm. This figure compares
favorably with the inflow Into the Lunugamvehera reservoir of 333 mem computed
from Kittulkote hydrometric station (WaterManagement Consultants, May 1989: 10).
On the other hand, If one uses the area ratio for computation of increased
run-off due to additional area of catchment contributing to it, then the total
run-off works out to 387.5 mem. Using both the mstheds, the percent decrease
In discharge has been worked out as shewn In the Table 2.01.
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Table 2.01. A comparison of recent discharge measurements with
original series

—— — — e e e e e i i A T o A b e e e e e e e e Y

Year Rain Discharge Corrected Excess as Excess ag
fall mCm discharge computed by computed
mm mcm Hydrology on area
Division ratio
% %
44745 1627 494 493 42 27.2
70/71 1696 548 523 50 35
73/74 1640 583 5556 59 43.2
87/88 1624 347 347 —_ —
{387.5)%

¥387.5 mem IS the total run-off when area-ratio is used for computation.

The above comparison brings out the fact that the estimated inflow into
the reservoir is less (on a conservative side) than previously assumed by
anywhere between 30 to 40 percent. Additional data are needed both for rainfall
and resenvoir inflow to substantiate the above findings. It is suggested that
a few more recording rain gauges be installed in the Kirindi 0ya watershed and
systematic data collection with respect to rainfall, run-off, and water use be
initiated. The Hydrology Division has not used the above reduced inflow in their
furth er conputations. On the other hand, they have modified the observed
historic series by onitting some years of discharge which they consider as
outliers. Accordingly, they have come up with an estimate of dependable yield
rasad on a modified annual Inflow series which Is nearer to normal distribution
than the original Inflow series as:

50 percent dependable flow 346 mem
75 percent dependable flow 240 mcm

The above fTigures suggest that even when the rainfed cropping pattemn
suggested by the consultants iIs adopted, the intensity of irrigation with the
75 percent dependable supply arrived at by the Hydrology Division (240 mem) will
be sufficient to irrigate only 62 percent of the design area during the yala
season. Gnce iIn four years, 1t will be less than 62 percent. bturing the last
three years, both the old and the new areas in the Kirindi Cya project were
raising rice durin? both the maha and yala seasons and were using an ex-sluice
discharge of roughly 2.44 m/ha (8 acre ft/acre) during each season. The present
use of water for rice cultivation is high compared to what has been assumed in
the Appraisal Reports as well as by the water management consultant for maha
seasons. In fact, the present use of water per ha iIs roughly 50 percent more
than the requirement assumed by the Asian Development Bank and the consultants.
Though the planning assumptions regarding water requirements for rice are not
too far off from reality, the main divergency between the Phase II planning
assumptions and the realityto day is, apart from the low reservoir inflows, the
present rice monceropping System and the increased water allocation to the
Ellegala system.
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A number of issues arise out of the above discussions.

1 Do we have at the present state of developnent of the project, adequate
information to estimate the reservoir inflow fairlyreliably? If not, what
measures have been taken or are to be taken to get these data?

2. The present estimation of reservoir inflow seems to be on the high side
by 30 to 40 percent. Also, upstream development iIn the catchment area
seems to reduce the reservoir inflow. what will be the effect of this
reduced flow on the proposed irrigated area In the project in the next 5
to 10 years?

3. The rescarch conducted so far indicates that many assumptions made in the
project proposal such as percolation losses, conveyance efficiency, land
soaking and land prsparaticn water use, land preparation period, and
cropping pattem do not match with actual observations. The present water
use_1s very much higher than what was assumed iIn the project design.
Under tneszconditlons, would 1€ be possible tO realize the project
objectives contemplated in the original project proposal, or does this need
a course correction at this stage?

Al ANALYSIS OF CROPPING PATTERN EVOLUTION

The relatively progperous old Bllegala system (3734 ha) receiving Its water
supplies through Interconnected tank systems diverted from the Ellegala diversion
structure of the Kirindi Oya river existed before the construction of the
Lunugamvehera reservolr. The farmers of the system grew their owmn local rice
varieties which requirad about 5 t 6 months during the main maha season. The
yala season which was called the "opportunity season s=s used for raising short
duration varieties of rice (5 month duration) when water supply was abundant,
or for yala rainfed crops (mung and cucurbits) that could also use the soil
moisture retained from the previous maha season. Between 1920 and 1950, the
cropping intensity for irrigated rice was around 90 to 100 percent for the maha
and 20 to 30 percent for the yala season. Average yields of rice during this
pericd were on the order of 1.8 10 2.2 t/ha, i.e,, about half the present yield
levels (ADB 1982). It wss only after the introduction of the new high yielding
varieties (3.5 to 4.5 month duration) during the 1950s that intensive irrigation
started iIn this area.

During the maha, the cropping iIntensity approached 100 percent iIn the
Ellegala System while In the Radagiriya System (850 ha), another old irrigation
system In the project area, the cropping Intensity was 67 percent, giving an
overall cropping intensity of 94 percent for the maha In the yala season,
because of water shortages, only 50 percent of the Eilegala area and 16 percent
of the Badagiriya tank area were cropped with cice, while of the remaining area,
about 2 percent was planted with pulses. The overall cropping intensity in the
yala season is estimated at 45 percent, giving a total intensity of 139 percent
for the entire existing rice areas. Of the cultivable upland area of 4,927 ha,
only 1145 ha (23 percent) was planted with various crops like maize, sorghum and

pulses. OF the planted area (1145 ha), 945 ha were cultivated with shifting
cu'l'f‘vatlon and the r=naining 200 ha was cropped regularly once a year. The
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yields of the subsidiary crops were low due to non-availability of irrigation
water. The total cropped area before the construction of the Kirindi Gya project
was 8,038 ha (out of the 9452 ha of the cultivable area) giving an overall
cropping iIntensity of 85 percent.

In the First Appraisal Report (ADB 1977), the Bank suggested that under
the proposed project, a total of 12,934 ha be brought under irrigated
agriculture. This includes the existing old area of 4525 ha. The lowland areas
would be planted with rice In both the wet and dry seasons. Subsidiary crops
such as pulses and cereals would be growm 1N upland areas in the wet season,
while cofton and pulsES would be gromn in the dry season. The Report estimated
a cropping intensity of 189 percent for this cropping patterm based on water
availability. A point to be noted is that during both the wet and dry seasons,
rice would be gromn in the lowland areas.

Subsequently, in its second Appraisal Report (ADB 1982), the Bank indicated
that double cropping of rice In the maha and yala seasons in the lowlands as
originally envisaged was reconfirmed to be appropriate for the climatic,
topographic and soil conditions of the project area. However, the crops that
were envisaged for cultivation in the upland soils were examined In detail with
respect to the crop preferences of settler farmers, the experience iIn the
neighboring Walawe Project, the economic returns for the crops, and the crop
water requirements in relation to soil characteristics. Rice being the main
staple crop in Sri Lanka, itwas thought that any cropping pattem proposal which
did not include rice would be unacceptable to the farmers and therefore, the Bank
introduced upland rice cultivation as part of 1ts revised cropping pattern (ADB
1982). It should e mentioned that growing upland rice iIs new to southemn
Sri Lanka. Neilther the farmers nor the officials have much experience in growing
upland rice.

The Bank also argued that cotton, in the absence of suitable varieties,
organized pests management and adequate price incentives, would not be a suitable
crop for the project. The marketing and pricing systems would also need to be
improved. Under these conditions, It was considered desirable to omit cotton
from the project™s cropping pattem. .. Sugsrcane wes also considered by the
mission as an altemative to cotton. Howe':ﬁ?,ﬂ?ﬂlzview of the need for a sizeable
investment. In setting up a sugar factory, this propesal was found to be
impractical. Based on the above considerations, the following cropping pattern
wes suggested:

0ld system New aresa

Upland Interm. soils Lowland

maha 100% rice upland rice rice rice

yvala 100% rice OFC’

— e e —— o P S D bl b e

¥ OQFC is non-rice other field crops.
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Again in 1986, the Bank revised its cropping pattem as follows (ADB 1986).
The revision was with respect to percent of crops gromn and not with respect to
the crops.

e 44t Bl e e o R0 i e e e g b ke e e

0ld system New ares,
Upland Interm. soils Lowland
maha 100% rice 60% upland rice 80% rice 100% rice
20% rice 20% OFC
20% rice
yala 50% rice 100% OFC 20% rice 50% rice
50% OFC 80% OFC 50% CFC

The water management consultants, based on detailed reservoir simulation
and operation studies (Water Management Consultants 1937), state that the
cropping pattern suggested by the Asian Devealopment Bank in its 1986 report deals
with multiple cropping but is static and not fully adapted to local conditions.
Also, this cropping pattem results In a lower irrigation intensity, lower
guaranteed rate of irrigation demand satisfaction and lower average yields.
Further, presently the farmers irrigate only rice during both the maha and yala
seasons. The present practice of cultivating rice during both seasons results
iIn a severe water supply crisis In the yala season. This would require a
substantial cut iIn the area irrigated and a decrease of irrigation intensity.
The implementation of this plan would lead to under-developnent of the new area,
cause social discrepancies and jeopardize the economic viability of the project.
If the aim is to maximize production per unit of land, then the cropping pattemn
suggested must be dynamic and sufficiently flexible. For maximization of crop

production, the cropping pattem must be adapted to the hydrograph of water
availability.

Preference should be given to cropswith high water utilizationefficiency,
high yielding varieties, deep rcoted crops, and crops with low sensitivity to
water stress especially iIn the yala season. Based on the above considerations,
they have suggested the following cropping pattem:

0ld system New aresa
Lowland Interm. soils Upland
maha 100% rice 60% rice 20% rice 20% rice
40% OFC 80% OFC 80% OFC
yala 50%rice 50% rice 100% OFC 100% QFC
50% QOFC 50% OFC
or
67% rice %
339 OFC \

et = 2 P e o e o e .t e e e e e e Bk e e e e

¥  This depends on water availability.
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The water management strategy plan proposed above i1s a mixture of
simultaneous cultivation of rice in lowland areas and subsidiary food crops in
the intermediate and upland soils in the new area even during the maha. _ This
cropping pattemn appeared to result in the best use of water for the available
soils and limited water resources. However, the Irrigation Department raised
serious objections to this cropping pattern with regard to scheduling of
irrigation water at the field channel level due to mixture of rice and other
field crops. The Department also argued that fanners on the upland and
intermediate soils may strongly object to this cropping pattemn by arguing that
whille the bulk of water is passing through their fields to supply the lowland
rice fields, they are forced to grow only other crops. Farmers on the
intermediate and upland soills would like to grow their staple food which s rice
at least during one season.

Another scenario suggested by the water management consultants is that all
the fanners in the new area will irrigate rice during the maha season and
subsidiary food crops In the yala season, irrespective of the soil type of their
land. Such a cropping pattern would allow phase | and II areas to be cultivated
during the maha one year out of five years, with a reduction iIn the irrigation
intensity had to be reduced. Inyala season, phase | and II areas could be fully
cultivated In 13 years and partly in 10 years out of 32 years of simulation.
In 4 years only part of phase | wes irrigable and in 5 years no water remained
for the new areas at all. The average annual production area would be 18,740
ha on an annual basis, only 1690 ha less than that suggested for rainfed crops
with secured irrigation.

Kirindi Jya presents a special problem not faced in most other Sri Lankan
irrigation settlement schemes. It iIs a severely water short system, which has
been justified economically from the beginning on the assumption that farmers
would grow a lot of non-rice crops. To date, In spite of the recommendations
of the Asian Developnent Bank (ADB 1986) and the Water Management Consultants
(May 1989) to grow subsidiary field crops, the Kirindi Oya sSystem continues to
be operated as a rice-based system in which only small patches of non-rice crops
are gromn with special assistance fron the Department of Agriculture. One may
ask what could be the reasons for such non-compliance. Farmers ofF the new
settlement area argue that rice has a ready market, is less labor intensive, is
the staple food iIn Sri Lanka, can be stored and sold at any time, they know how
to cultivate rice, and above all it is risk free compared to other crops.
Moreover, they question why they alone should raise other crops even during the
maha season, when the old Ellegala system farmers cultivate rice during both the
maha and the yala. Thus, we see that there is a continuing ‘“rice bias” or
“rice-based thinking” underlying the management of the system. Both farmers and
officials share a fundamental and deep rooted bias towards rice. There are
strong cultural reasons for this, but this probably has so far prevented farmers
and managers from seeing altematives, such as the one proposed by the water
management consultants, as practical, or at least worth a serious test.

Recently a committee consisting of all the line agencies including 1IMI
was constituted on the recommendation OF an Asian Devealopment Bank review mission
10 pregare an action plan for the introduction of other crops during yala 1990.
Thiis committee had decided to grow only two crops, namely grsengram and soyabean,
The rationale for selecting these two crops is discussed In chapter & the
planning process 1is discussed in chapter 7.
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The whole exercise of choosing a cropping pattern for the project appears
to be based on the availability of water. Annual water availability per hectare
is on the order of 2.3 t0 2.6 m/ha, Compared to other settlement schemes in Sri
Lanka, for example Mahaweli System B with an annual availability of about 3.2
m/ha, this is quite low. Moreover, the present water utilization for rice
cultivation iIn the new area is between 2.0 to 2.6 m/ha which means that with the
present water use efficiency, the water inKirindi Cya project is just sufficient
to raise only one rice crop iIn the whole contemplated project area per year.
Under these conditions, the choices left to the planners iIn iIncreasing the
cropping intensity can be listed as follows.

L, One possibility is to go in for rice during the maha and some kind of
rotational distribution of water during the yala season in the old Ellegala
system and the new area, thereby forcing the farmers to switch over to

other field crops or to find additional water through groundwater
extraction.

2. The second altermative i1s to change the cropping pattern between the
seasons -- the maha and the yala -- by having rainfed irrigation-secured
cropping iIn the maha. Depending upon the water availability, at the end
of maha season, the yala cropping pattern can be decided. In this
connection, the following points deserve special consideration. The
Kirindi oya project iIs a water deficit project, and therefore, the
reservoir is likely to be at the minimum drawdown level at the end of the
yala season. As such, starting the maha season iIn time IS very much
dependent on the Inflow Into the reservoir. Because of the insufficient
reservoir storage, many decisions taken in the cultivation (kanna) meetings
are not implementable. Turing the maha, 75 percent of the annual rainfall
occurs iIn this project area. The effective use of this rainfall is
constrained by the water release from the reservoir. If one can go iIn for
rainfed cropping during the maha with supplemental irrigation, then the
reservoir water can be saved ard effectively used during the yala season.
By this change, the uncertainty involved In estimating the reservoir inflow
can be minimized to a considerable extent, rainfall can be effectively
utilized during the maha, and the planning for the yala can be on a firmer
footing since the water availability at the end of maha iIs known.

3. The third alternative iIs t go in for rotational irrigation in the new area
to cultivate non-rice crops during both yala and maha, irrespective of the
soils, and in the old system one rice crop in maha and other crops in yala.

The success OF the Kirindi ova project depends to a considerable extent
on switching fron rice to non-rice crops throughout the project including the
old Ellegala system. This can be achieved at least theoretically through
rotational water scheduling. Then, is i1t practicable and politically feasible?
This needs a long range innovative strategic plan with committed officialsbacked
by the Government to implement it. One feasible solution that appears attractive
IS to set up process industries for those crops to be grown in the project area,
develop a sustainable market to make growing other crops attractive, and at the
same time make water an expensive rather than free iInput.

h ]
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MACRO-PLANNING 1SSUES
Planning of Water Issues from the Reservoir

The present practice of deciding the area to be irrigated during a season
is based on the following procedure. The storage position of the reservoir at
the beginning of the season is looked into. The expected inflow into the
reservoir at a certain level of probability 1S =sstimated using the
inflow-duration curve prepared on the basis of past historical records. The
reservoir storage in conjunction with the estimated inflow forms the basis to
estimate the area that .canbe irrigated for the assumed cropping pattem.
Generally, the irrigation officials are cautious and conservative In dsciding
the area to be permitted for irrigation during the season since any extra area
throm open for irrigation at the beginning of the season will become their
responsibility for supplying water throughout the season. Therefore, they try
to convince the fanners and officials during the pre~kanna (pre-season)and kanna
meetings the minimum possible area that can te taken up for irrigation at the
beginning of the season. Subsequently, the storage position in the reservoir
iIs reviewed periodically and depending on the strength of storage position,
additional area is declared for starting the irrigation in that season.

This sequential decision-making procedure has certain advantages in that
the possibility of a crop failure In a tract or region due to lack of water is
minimized. On the other hand, a sequential decision-making strategy has a number
of disadvantages. Because of the uncertainty and commnunication problems between
the farmers and the agency, the farmers are not ready to receive the water and
use it immediately when the water is released. Even if the farmers are ready
to use the water, lack of an adequate number of tractors for land preparation
appears to be a major reason for a prolonged land preparation pericd, On an
average, a farmer has to wait seven to ten days before he can get hold of a
tractor. Puddling and land opening (threeruns) cost anywhere between 3000 to
3500 rupees (US5 83 to 5 97 at the 1989 exchange rate of Rs 36 = $ 1.00). In
view of the limited credit facilities, it becomes difficult for many fanners to
generate this capital to pay in cash to tractor owners for using theilr tractors.
All these constraints prolong the cultivation season and sometimes it encroaches
into the next season.

The prolonged season has many disadvantages of which the most 1mportant
ones are: iInsufficient time for pre-seasonal maintenance, and interference with
water distribution operation of the system for the subsequent season, as has been
witnessed during yala 1989. This overlapping of two seasons throws out of gear
all operational plans for water distribution in the subsequent season. It also
spreads pests and diseases from one season to the other and does not allow
effective use of maha rains and drainage water from the upper tracts.

The above discussion raises the important question as to whether the
present practice of decision-ding In a sequential way and increasing the
irrigated area in installments during the season is the best way of managing the
system. Or should decisions be made at the beginning of the season and unless
there 1s a huge shortfall, should that decision be maintained without adding any
additional area during the season? The farmers in this case know at the
beginning OF the season what to expect for the season. Any additional water
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received during the season should be ear-marked for the subsequent season. In
other words, a well- defined policy of water release has to be formulated with
regard to allocation between the seasons, the time of release, and the pattern
of rotation between the tracts in the case of shortfall. This should be done

in consultation with the farmers and must be given wide publicity among the
farming community.

Water Allocation Among Old and New Irrigation Systems

Many settlement projects iIn Sri Lanka with old and new areas have had
problems of water sharing among themselves. The old settlers who gain
considerable benefits after construction of the project by way of stabilized
irrigated agriculture due to a more reliable water supply and Increased intensity
of irrigation look upon the new settlers as intruders in their domain of
influence. The farmers in the old area generally use more than their allotted

share of water, complicating anddistorting the allocation of water to different
areas.

This can be i1llustrated with data from the Kirindi Cya project, where the
Ellegala old system used to irrigate approximately 130 percent of iIts service
area before the construction of Lunugamvehara reservoir. In the project
proposal, an irrigation intensity of 160 percent with some non-rice crops for
the old systemwes assumed (without,unfortunately, consulting the farmers); but
the farmers In the old system now irrigate two rice crops (nearly 200 percent
intensity), thereby depriving the newly developed areas of their share of water.
The concept of riparian right is clearly prevalent in the farmers” minds. In
addition, the water supply pattern to this area does not follow any well defined
policy. To prove this point, let us look at the source of water supply to the
old system and the water utilization pattern during the three seasons of
operation as given in Table 2.02.

Table 2.02. Actual sluice water duty In three seasons
- Kirindi ¢ya Project

Season Area  Ext. of Requirement Release Rainfall Duty

cultiva- as estimat. from mm m/ha
tion mem reservoir
area (ha) mom
Maha
1987/88 Ellegala 3530 40.2 49.4 413 1.40°
Rre? 2743 31.7 55.7 413 2.03
e 1594 20.2 31.3 413 1.95
Mahs.
1988/89 Ellegala 3710 41.7 16.3 - 0.44°
RE3 2532 33.8 64.3 - 2.54
LB 1660 21.3 457 - 2.75
Yala
1989 Ellegala 3778 425 34.2 - .91
RB 1912 23.8 51.8 - 2.71
LB — —_ - -
a. BB IS right bank b. LB is left bank

c. Ellegala system in addition gets run-off water from wewa catchments.
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The old Ellegala system receives its water supplies fron four sources: 1)
water released from Lunugamvehera reservolr; 2) run-off fron 1ts omn catchments;

3) substantial drainage water from right bank tract 1 and left bank tracts 1 and
2 of the new areas; and 4) rainfall. Presently, the contribution from rainfall
ad releases fron the Lunugamvehera reservoirs are quantifiable while the
contributions from the other two components are not quantified clearly. Unlsss
we know these contributionsfairly acourately, the release from the Lunugamvehera
reservoir to the old system cannot t= made more precise. Also as Table 2.02
indicates, in those years when rainfall is above normal as iIn the case of maha
1888/1938% and the storage position is confortable, the withdrawal to the old
Ellegala system is minimal (0.44 m/ha). On the other hand, In years of low
rainfall and insufficient storage position as In maha 19387/19838, the water use
in the old system is considerably higher (1.40 m/ha}), This IS understandable
because during heavy rainfall years, the supply from the tank catchments is
considerably more and there is less requirement because of the copious supply
from the tanks, rainfall and drainage contributions. ¢n the other hand, during
dry years, much of the water from the Lunuganvehara reservoir is divertedto the
old system allowing very little water to be used for the new settlement areas.
This undefined and unplanned al location of water between the old and new
creates a lot of problem from the point of water planning and scheduling from
season to season.

Therefore, there iIs a clear need to initiate a detailed water balance study
of the old Ellegala system by monitoring the inflows into the tanks and measuring
the drainage water emanating from left bank and right bank tracts 1 and 2 of the
new settlement area. The allocation of water to these areas has to be fixed
considering available water in the resenvoir, their requirement, and additional
water that can be obtained from other sources such as rainfall and drainage.
Such an allocation policy would allow the Irrigation Department to develop
scheduling which can be implemented with farmers® assistance and cooperation.
The two water sources which are to be effectively used for the success of the
Kirindi Oya project are rainfall and drainage water. The scheduling for the
old system must give utmost Importance to these two components with particular
reference to the time of starting cultivation to capture the maximum of drainage
water from the upper tracts.

System Parametars for Operational Efficiency

For preparing the irrigation schedules for maha 1987/1988, maha {988/(333
and yala 1989, the system parameters used are given iIn Table 2.03.

Based on the assumed parameters, the estimated water requirement and
computed duty are given mn Table 2.02. Table 2.02 also gives releases from the
reservoir and the corresponding duty. One can see from the table that there is
a large difference between the estimated and actual duty indicating that there
are certain discrepancies either In the assuned parareters of the system or
deficiencies iIn the management and water use of the system. The difference is
as much as 100 percent, indicating that by improved management one can reduce
the wastage of water as well as the values of some of the loss parareters.
Again Table 1 indicates that the total efficiency of the project during maha
1987/1988 was better than that during maha 1988/1989, This appears to be related
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Table 2.03. Paramsters used for system irrigation scheduling

Parameter 0ld area New area Measured values in
BB Tract 5, BCZ %%

——

Application Efficiency 80% 70%
Conveyance Efficiency
FC -— 93%
e —— 93% 71%
P 1, T 93%
MC — 93% (85%)*
Distribution Efficiency
Area < 150 ha 80%
Area > 150 ha 70%
Percolation loss 3 mm/day 6 mm/day(upland) 10.8mm/day

3 mm/day({ lowland) 3.9mm/day

I 85 percent used for right bank tract 5 only
¥r  Measures by 1IMI

Source: Water Management Consultants (1987 and 1989).

to the availability of water; the smaller the reservoir storage the better
IS the use of water resources. Table 2.03 iIndicates that there exist large
differences between the assumed and measured parameters, especially in canal

conveyance efficiencies, seepage and percolation (3&P) values, and water used
for land preparation.

The values of these parareters are also related to the level of management
input and water control adopted in the field. Some of these differences can be
minimized by proper management input to the system. For example, consider water
conveyance efficiencies: it could be that the channels are not maintained
properly; because of the silt and weeds, the conveyance losses are high. By
proper maintenance, the losses can be reduced considerably.

The above discussion leads us to conclude that by proper management ingut
and water control, the operational efficiency of the system czn be increased
considerably. For this a close monitoring of the water distribution system at
different subsystem levels is required with proper water measurement. The
monitoring of the system would also indicate which one of the parameters is far
in excess of the design values and at what places. The reasons for such
discrepancies can te Investigated and rectified. Presently thers 1Sa monitoring
cell under the senior irrigation engineer which iIs not very effective. It is
suggested that the monitoring cell should concentrate on getting more reliable
data, quick analysis of the data and feedback to the operational division to make
use of the information for effective management.
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INSTITUTIONS AND ManNAGEMENT ISSUES

The Irrigation Department and Irrigation Management Division are the two
institutions directly responsible for the operation andmaintenance (0&M) of the
system. The lrrigation Department is responsible for system oM to the field
channel level. The water-related activities are directly under the charge of
a chief resident engineer. A senior Irrigation engineer for imtar management
working under the chief resident engineer iIs responsible for the operation and
maintenance of the new areas of the project including allecations between the
new and old areas.

Below the field channels, farmers®™ groups organized by the Irrigation
Management Division are supposed to be responsible for ¢, There are two
project managers from the Division, one each for the old and new areas. They
are responsible for intagrating and coordinating various departmental INpUts INto
the agricultural production process, and for organizing farmers into groups and
committees at field channel, distributary and project levels to obtain their
cooperation.

Prasently, the old system and the new settlement areas act as two
independent units and there is not much coordination among either the irrigation
officials or the farmers of the two areas. They hold separate kanna meetings
and make decisions with regard to starting and closing dates of water releases.
It is difficult for the irrigation managers to make a unified decision with
regard to water sharing, water scheduling and distribution under the existing
division of old and new settlement areas. It is suggested by the officials of
the Irrigation Department that the old and new settlement areas can be integrated
by dividing the total project area into two divisions under the right bank and
left bark canal systems. Each of these two divisions will be manned by a project
manager who has the task of iIntegrating both the old and new settlement farmers.
Also they feel that the water allocation can be rationalized under this division
and the cropping calendar can be selected in one kanna meeting to be held for
the whole project to maximize the use of rainfall and drainage water from the
upper tracts. Conceptually, the above idea appears attractive and technically
sound. However, the farmers in the old Ellegala system are socio-politically
much stronger and may not easily agree to this idea. Integrating the farming
communities living in the old and the new systems is essential for equitable use
of reservoir water. How this can be achieved is a subject for further
discussion.

In addition to these two agencies, other departments provide supporting
services such as agricultural extension and inputs, land administration, banks
and crop insurance, and marketing. The present project management structure is
not very conducive for achieving long term goals of the project through effective
management. Presently, each department has a set of objectives and specified
tasks to perform. For example, the Irrigation Department™s job is to deliver
water, within the constraints imposed by water availability, finances, the
physical condition of the system, etc. It responds to farmers”™ demands to the
extent possible, but since both farmers and the Department are accustomed to
irrigate rice crops, that is what they do. _Other agencies have their oan
specified technical functions. But no agency is responsible for achieving the
long term objectives of the project. There is therefore a de facto policy of

i
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catering to short-termobjectives i.e., providing water for rice in a few tracts,
on an ad hoc tract-wise rotating basis, depending on the water iIn the reservoir
at any given time, but with old areas always getting sufficientwater for growing
rice two seasons per year. This satisfies sone farmers” short temm interests,
as they wish to grow rice, and it iIs easy for the agencies to support their
decisions without much exertion since all the line agencies know how to support
rice production. New area farmers have not yet organized against the old area
fanners, but the latter are organized to dsmand priority. Further, the various
farmers” objectives may be quite at variance with the objectives of the
management agencies.

The result is that the system management is unable to get the system as
a whole onto a seasonal rotation, i.s., maha-yala~maha, Because rice iIs raised
during both maha and yala, the reservoir gets depleted at the end of the season.
For the next season, one has to wait to receive the water iIn the reservoir and
then start with rice in the old area and subsequently add one or two tracts from
the new area for rice cultivation. The precedence of short tern objectives
reduces the likslihocd of achieving long tem objectives as the fanners get used
to a certain pattem.

Since the root of this problem is institutional and managerial, the
solution would appear also to lie In this realm. It is necessary to establish
an overall project manag=ment almed at achieving the long term objective of
making best use of the limited water to maximize farmers’ 1Income, with the
authorityto insure other departments contribute their efforts to achieving this
objective. Performance of the overall management would be assessed based on its
achievement of the longer term objectives. Assessment of the performance of
other departments would te based on thelr contributions to achieving the overall
project objectives. Institutions to Tfacilitate consultation with, and
involvement of, legitimate farmer representatives would be a requirement, as
would political support from above.

CrROP DIVERSIFICATION ISSUES: =(FERIENCE ON OTHER SYSTEMS

An earlier section of this chapter has dwelt on the analysis of the
cropping pattern evaluation in the Kirindi Oya Project as proposed iIn the
successive Appraisal Reports OF the Asian Development Bank, as well as the Water
Management Consulltants” report of 1987. Despite the detailed operational plan
outlined In the latter report, the project management has not been able to
accomplish any measure of crop diversification in the 1988 and 1989 dry seasons.
Several factors have been responsible for the management’s inability to pilot
test crop diversifTication even within a single tract with a view to getting an
understanding of the operational modes for irrigation management for non-rice
crops. This section discusses some of the technical issues, drawing on IIMI's
analysis of experience In other systems In Sri Lanka. The economic Issues
related to cropping patterns are elaborated 1In chapter 6; the planning experience
for yala 1990 is discussed iIn chapter 7.

It would be unrealistic to have expected any major shift to growing of
non-rice crops In any of the past yala seasons without having tested the proposed
cropping patterns within a single tract or some selected distributary command
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areas. Experience in Mahaneli System H over a period of ten years commencing
in 1978 shows that a slow start in the first year (70ha of non-rice crops) was
followed by a rapid increase fron the third year to 1,100 ha, until 1t reached
a peak of 8,600ha of non-rice crops in the eighth year. A similar sequential
increase over a period of years could be postulated for the Kirindi ¢va project,
except of course with the added problem of more unstable and lower annual water
availability per hectare. This would, of necessity, Impose a greater strain on
planning and management of water deliveries for non-rice crops in the Kirindi
Oya system as compared with the Mahaweli System H, and would eventually result
in a different gronth patterm over a similar span of years.

Despite the very limited accomplishments recorded over the last two yala
seasons In respect of crop diversification, a more significant achievement has
been the clear demonstration of the potential for growing of non-rice crops
during the wet maha season on the well drained soils In farmers” allotments In
this southem dry zone environment which receives a lower maha season rainfall
than the North Central Province (vNCP), This confirms the validity of the
recommendations of cropping pattems made in the above mentioned reports iIn
respect of non-rice crops for the upland or well drained soils under irrigation
command. during the msha Season.

The first meaningful step taken towards promoting the growing of non-rice
crops 1n the yala season has been the preparation of the action plan for growing
of non-rice crops iIn yala 1990 by a working group drawmn fromthe respective line
agencies presently working in the project, and chaired by the project manager
(settlement) of the Land Comissioner’s Cepartmant, The First draft of the
action plan report was discussed on 7 December 1989 in the office of the chief
resident engineer, at which a substantial input was made by 1IMI drawing on Its
experience and understandings gathered since yala 1985 fram studies on irrigation
managensnt. for crop diversification conducted in Mahaweli System H and Dewsahima
systems located 1N the MCP {Panabokke 1989) (Seechapter 7).

Arising from the deliberations at this meeting and based on IIMI’'s own
experience and understandings devzloped at Kirindi Oya over the last 2.5 years,
the more iImportant issues concerming crop diversification in this environment
can be considered under the three headings of: 1) cropping pattems; 2) cropping
calendar and irrigation scheduling;and 3) organization and farmer participation.

CROPPING PATTERNS
Yala - Dry Season

In view of the very tight water situation that will be faced in almost
every yala season In the future, the shortest possible planting-to-harvest
duration commensurate with economic yield should be the primary aim iIn selection
of crops. Fanners familiarity with growing of such crops even under rainfed
conditions should be a further selection criterion.

In the broad group of grain legumes, the L of Agriculture has been
successful 1n developing short duration (65-70day) varieties of greengram. In

respect of cowpea, soyabean and blackgram, the well known popullar varieties fall



29

within a 9 day duration. Almost all farmers iIn this region are familiar with
the cultivation of greengram, cowpea and blackgram mainly under rainfed
conditions 1N maha, while some are familiar with the cultivation of greengram
and cowpea under irrigation in yala. There is substantial research information
in respect of the frequency and amounts Of Irrigation for this group of crops.
Irrigation intervals can be extended to once in ten days for these crops without
seriously depressing yields especially when irrigation water at source become
scarce. Irrigation scheduling and delivery is the same for all these crops, and
this should be considered a special advantage In systems management. There will
also be a ready market for greengram as indicated by Department of Agriculture,
and a potential market for soyabean, Cowpea and blackgram will be largely for
consumption with limited amounts entering the market.

On the foregoing considerations, the main thrust for non-rice crops during
yala should be grain legumes, particularly greengram and cowpea.

The research station at Weerawi la should develop the technology for growing
a zingelly (sesame)crop in yala by making use of the late March - early April
rains for seeding and subsequently a minimum number of irrigations. Gingelly
is normally grown as a rainfed crop iIn the maha season in this region and iIts
sowing-to-harvest duration is around 70 days. It needs a well drained, well
aerated seed Led for proper germination and crop establishment, and 1t iIs more
fastidious in this regard than the grain legumes. It IS reported however, that
it could manage with two to three irrigationsafter initial establishment. Since
there is a good market for this crop, and because of 1ts short duration it should
receive more research attention for being grown as an irrigated yala crop.

While the foregoing crops are best adapted to well drained and imperfectly
drained soil conditions, the issue of what crops can be recommended for the
poorly drained LHG soils during yala has to be decisively addressed. This has
to be viewed together with the nature of the irrigation delivery schedules that
will be operative, and will therefore be disoussed in the subsequent section.

Cultivation of chillie is not recommended for the present because the
presently available varieties are of 120-140 days duration. In respect of tree
crops such as mango, citrus and papaw It will be wise to confine these to well
drained or imperfectly drained sites that benefit from seepage from irrigation
channels, rather than to grow them on land developed for rice cultivation.

Maha - Wet Season

In the light of the last two years experience 1t iIs almost self evident
that any approach to crop diversification should take iInto consideration
opportunities that are available during the maha season, and that are also linked
with the subsequent yala season. There is no rationale for considering crop
diversification as a solely yala enterprise as in the case of the NCP, both on
account of the less wet maha environment in the south and also the very
restricted annual water availabilityof 2.3 t0 2.6 m/ha InKirindi Oya, comparsd
with 3.2 m/ha for Mahaweli System H.

As mentioned earlier, one of the significant achievements has been the
demonstration plots of non-r*i.ce crops, especially chillie on parts of farmers’”
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allotments In maha 1988/1989 conducted under the guidance of the Department of
Agriculture extension staff. There is clearly a limit to the extent of chillie
that could be grown to match with the available market. Furthermore most of the
coarse grain and grain legume crops are grown as rainfed crops under upland
non-irrigated conditions in the maha season throughout the dry zone. Crops that
respond to irrigation application during the maha season will therefore have to
be considered. The ideal fitwill be crops that complete their vegetative phase
by late December, and then have their reproductive phase from January to early
March which coincides with a period of maximum solar radiation. The former 5
to 5.5 month cotton variety HC 101 would be an excellent choice In this regard.
It should be one of the added tasks of the Weerawila research station to test
the appropriate maha season supplemental irrigated crops that give a high return
per depth of irrigation application discounting rainfall contribution.

CROPPING CALENDAR AND IRRIGATION SCHEDULING

Selection of optimum dates for land preparation and for sowing or crop
establishment, and appropriate scheduling of deliveries for subsequent crop
growth with a view to maximizing the use of rainfall and limited irrigation
supplies is of crucial importance for the Kirindi Oya system.

Equally important is the issue of appropriate delivery schedules at the
heads of distributary and field channel turnouts that would enable a proper
allocation of water to both well drained and poorly drained soils which support
different kinds of crops with different water requirements; as for example
non-rice crops on the well drained soils and rice on the poorly drained soils.
Experience gained iIn Mahaweli System H and Dewahuwa provides us some important
guidelines to resolve this hitherto intractable problem which operating
engineering staff usually shy away from.

Yala - Dry Season

The optimum time for conmencing land preparation for yala crops is between
the fourth week of March and the first week of April when there is a high
reliability of the afternoon convectional rains. For this to be possible the
preceding maha crop should be harvested by the third week of March. When the
onset of land preparation for maha is delayed beyond mid-Cctoter, the waha
harvest gets extended beyond mid-March of the following year and this causes
severe problems for timely commencement of yala crops. The 75 percent rainfall
expectancy for April is a little over 55 mm, and this has to be captured for
timely land preparation and crop establishment.

The foregoing points to the need for pursuing a policy of growing non-rice
crops in maha beginning with the October rains and providing supplementary
irrigation for such crops between October and January. Rice should therefore

be restricted to the lowland L.HG soils and that too only iIf adequate water supply
iIs available at the source. This could be on the basis of selected tracts or
distributary comnand area within a tract.

A practice that should be fostered at Kirindi Oy=a for yala as developed
by farmers at Dewahuwa is to spread the rice straw on the field soon after the
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maha harvest In late March and bum 1t in-situ in the field. This enables a
weed-free field which could be Brepared with subsequentminimum hoeing intowhich
grain legume seed could be dibbled In rows with the initial yala rains. For
fanners who wish to till the land with a rotavator iIn order to prepare a better
seed bed, they could avail of both rain and an irrigation issue of 70 mm for land
moistening.

Again, based on our experience at Dewahuem, Krrigationdeliveries for yala
should commence in the first week of April. Two to three deliveries of 70 mm
each at the field channel turnout within a pericd of 14 days is adequate to
prepare the seed bed and drill the grain legume crops before the Sinhals New Year
which falls in mid-April. In the case of Dewahurm, land preparation and seeding
for non-rice crops wes completed 1IN 8 days using 174 mm of delivery in yala 1985;
in 15 days using 121 m» OfF delivery in yala 1986; and in 12 days using 172 mm
of rainfall only and no delivery in yala 1987.

Daily evaporation rates increase markedly from June onwards. In order to
conserve and maximize use of the limited water resource at some, crop duration
in the field should be terminated as early as possible. Crop growth period
commencing early April should therefore be limited as far as gozsivls to around
80 days. Irrigation deliveries at seven day intervals with a 70 mm delivery
elzx—field channel turmout for each delivery is considered adequate for grain

egumes.

Maha - Wet Season

Past studies on rainfall confidence limits have shown that the optimum time
for sowing of rainfed upland crops in this environment is around the second to
third week of October. This is also the traditional practice In the chenas 1In
this region. However, the same land preparation methods practiced for chena
crops cannot be implemented on land that is developed for puddled rice
cultivation. Inorder to induce sufficient friability to the upland soil so that
it could be easily tilled by conventional tillage implements, the soil has to
be moistened to a moisture status close to field capacity. To achieve this
around 40 mm oOf rain Is needed to bring the upper 15 cm depth of soil to the
moisture status of field capacity. The sxpectancy of receiving this amount of
rain during the month of October iIs above 75 percent. Land preparation for
seeding can therefore be completed by end of October in most years and sowing
completed by the first week of November. Among the crops that are known to
respond significantlyto supplementary irrigation during the maha season in this
environment are chillie, cotton, maize, and soyabean.

i In the case of rice on lowland LHG soils, commencement of land preparation
will mainly depend on the inflow to the reservoir and the minimum reservoir level
that has to be reached before commencement of water issues.

Scheduling Deliveries to Turnouts Commanding both Upland and Lowland Soil

Both distributary and turnout comand areas consist of well drained RBE

soils on the upland and poorly drained LiG soils in the lowland, with intervening
imperfectly drained ree soils located in the mid-slopes. This is similar to
conditions in tlahaweli System d, In situations where non-rice crops are grown
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on the upland soils and rice is grown on the lowland soils, management oroblems
are encountered iIn trying to achieve an equitable delivery to the tiwc contrasting
cropping systems. In Mahaweli System H the problem is overcome by permitting
fanners located on the upland soils and who are growing non-rice crops, to use
the 1 cusec (28.3 liters per second) discharge in the field channel during the
day time for a 6 hour period each, and to pemmit farms located In the lowland
soils to share the 1 cusec flow during the night under an informal arrangement
of taking tums.

Since there i1s no night storage capaci in the irrigation system, and
since it will also be impracticable to open and shut turnout gates each moming
and evening, the foregoing management method is the most feasible option. This
method however, requires a high degree of cooperation among farmers and gocd
communication between agency staff who manage the turnout gates and the farmers
who use the water.

It will have to be clearly understood by farmers who grow rice on the
lowland that they will receive the same rotational schedule as the upland farmers
and not a continuous supply for the duration of the rotation.

In the long term there should be a shift towards using the LHG lowland
soils for non-rice crops during the dry yala season. The experience both in
System H and Dewahuwa has been that fanners who are located at the tail-end of
very long field channels on 144G soils have been able to grow non-rice crops by
providing minimal on-farm drainage. It is observed that soyabean is more
tolerant to imperfect drainage conditions than most other non-rice crops, and
would therefore be the logical choice for lowland soils in yala. This would,
however, require a high degree of control and regulation of the field channel
water deliveries in a manner that would minimize the build up of a high water
table in the lowland area.

ORGANIZATION AND FARMER PARTICIPATION

The Kirindi Oya project is essentially a very new system iIn which the
organizational structure is iIn its early stages of evolution and where fanners
themselves are iIn the initial stages of settling down to a new form of Irrigated
agriculture apart from puddled rice cultivation ad rainfed chena cultivation
which they were accustomed to prior to their settlement In this project.
Commencing 1986 late yala, there have been only two s=zsons when all the three
tracts on the right bark and the two tracts on the left bank have been able to
successfully raise a crop of puddled rice. The experience up to now has
therefore been oriented towvards managing a rice irrigation system. Similarly
farmer participation modes have also been largely conditioned to growing rice.

In the light of the foregoing situation it would be unrealistic to expect
a major shift in growing of non-rice crops to take place over a short period.
At the same time, It is opportune at this stage to set in motion the formation
of the iInstitutions and organizational forms that are necessary for farmer -
agency cooperation in managing the system for irrigation scheduling and delivery
for growing of non-rice crops as in contrast to rice.
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IIMI’s studies both In Dewahuwa and tahaweli System H have clearly borme
out the fact that iIn the scheduling and timing of irrigation deliveries below
the distributary level there is a big gap between the planned quantity and timing
of deliveries and their actual implementation. It is also observed that much
of the overrun occurs at the land preparation phase (seechapter 5, below). In
the water tight situation encountered in Kirindi Cya the management agency will
have to endeavour to minimize this gap as far as possible. Thiswould imply the
need for considerable organizational strength and a competent monitoring service
which monitors deliveries in a systematic manner and feeds back the information
rapidly to the agency water management staff.

As mentioned earlier, scheduling deliveries to turnouts commanding both
upland and lowland soils requires a high degree of cooperation among fanners and
an effective communication between agency staff and farmers, IIMI's field
research in the MCP had identified that the unreliability and inequity recorded
at the tumout level is closely linked to the lack of organization and management
for sharing water below the secondary level, and also the poor communication
between agency staff and farmers iIn scheduling of water deliveries. These
conditions also characterize Kirindi Oya, It iIs therefore necessaryto develop
the organization needed for crop diversification from the iInitial stages, and
also to build into it the appropriate management and communication approaches
that are required for proper implementation of water deliveries at the turnout
level. This problem is discussed further in chapters 3 and 4.

Given the complex nature of the kind of organization that will be needed
to support crop diversification and also the important role that will have to
be played by farmer participation, the more prudent approach would be to conduct
a well planned and properly organized crop diversification activity in a single
tract, or else, In a single distributary in each of two or three tracts iIn the
initial phase. This could be treated as a learning process, and could be
followed by a gradually expanded progran In each subsequent season.
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CHAPTER III

IRRIGATION INSTITUTIONS IN XIRINDI OYA

INTRODUCTION
Objectives and Research Questions

As outlined in the Inception Report (ITHI 1(938a:17), this component of the
research has two broad objectives:

% to document and assess the present functioning, strengths, areas needing
further strengthening, and impediments to Improvement in the irrigation
institutions at the project and farmers” level; and

¥ to progose structural and management innovations that could be adopted in
the short run to improve the project performance, and others that could
be tested and adapted over a longer period that would strengthen efforts
to achieve the project goals.

With these two broad objectives iIn mind the research on irrigation
institutionswas guided by the seven research questions listed In the Inception
Report (IIMI 19832:17-18), We attempt to answer these questions based on our
findings on three cultivation seasons (1988 late maha, 1988/1989 maha and 1989
yala) and developnents at the beginning of the 1989/1990 maha season. Further
developnents during maha 1989/1990 are described In chapter 7. The seven
research questions are summarized here for easy reference.

1. What is the overall organizational structure of the agencies involved in
Irrigation management at the proj=ct/zystem level, and how has it evolved?
Are there structural factors inhibiting manag=ment efficiency? How does
the organizational structure affect the incentives for various agency
personnel to provide efficient irrigation service and for fanners to
cooperate in O& M on the system?

2. What are the formal and informal processes of decision-making and
information flow both up and dom and laterally, and of performance
monitoring andevaluation of personnel? Howeffectiveare these processes,
and where could improvements be proposed?

3. What are the patterns of communication, cooperation, collabtoration, and
conflict (if any) among the different agencies for setting and achisving
project goals? Is this an area where further Improvements could be
suggested?

4, What efforts are currently underway to establish water users’ groups at
the field channel, and above? What methods are being used for organizing
them, and how effective are they? What are the task expectations of both
the agency officials and the farmers iIn regard to the farmers” groups?
Is the level of resources Invested In this area adequate to achieve the
objectives? What could be done to further strengthen the groups? What

tasks and functions do they perform now, and what others could be
contemplated?
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5. What are the pattems of communication, cooperation, and collaboration
between the key iIrrigation management agencies and the fanners®™ groups?
Are the agencies effective i1n encouraging self-reliant, effective farmers”
organizations, and if they are not, what are the reasons for this? What
could be done to further strengthen the cooperation between farmers and
the management. agencies?

6. Are the present pattems of cooperation among farmers, Or the potential
for cooperation with no outside assistance, consistent with the technical
requirements and technically feasible options for efficient water
distribution of the present turnout/field channel design? What level of
effort would be requiredto match cooperative behavior with the technical
design?

7. What are the relationships between the institutional factors addressed iIn
this module, and the performance of the system as decumented In the module
on irrigation system performance? To what extent, if at all, can
shortfalls in system performance be attributed to institutional factors?
To what extent can irrigation system performance be improved through
organizational and managemsnt INNOvations?

Methodology and Definitions

"Institutions' are defined by social scientistsa= "‘complexes of norms and
behaviors that persist over time by serving collectively valued purposes.” They
persist because they are valued as well as useful. "Organizations” are
"'structures of recognized and accepted roles.” Organizations, thus, may be
institutions, or pot, depending on whether they have continuity because they are
valued and useful .

The term "irrigation institutions” is defined here as those institutions
directly related to the operation and managerent Of the water conveyance, i.=.,
irrigation, system. For the Kirindi oya lrrigation and Settlement Project, the
Department of Irrigation and the Irrigation Management Division, the two agencies
directly involved in the operation and maintenance of the irrigation system,
are the major "irrigation institutions.” This definition thus excludes such
agencies as the Land Commissioner™s Department, Agriculture Department, and
Department of Agrarian Services. However, since these departments are
functionally important to the management system (InvA3) Introduced iIn Kirindi
Oya, their roles and functions are briefly discussed when necessary.

As indicated in the Inception Report (1IMI 1988a:19), the data on
irrigation institutions has been collected using a combination of participant
observation and formal and informal interviews, as well as analysis of deccuments
and files. Participant observation involves attending meetings and other events
and observing behavior. Interviews have been carried out with a wide variety
of people, including officials at various levels, farmer leaders, and ordinary
farmers. These methods result in qualitative data on processes of decision-

1
See Uphoff (1938:chapter 1) and our Interim geport. (1IMI 1989a) for a

more complete explanation of these terms and their uses.
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making, on behavior patterns, and on peoples™ explanations and rationalizations
for what they do or see others do.

Ideally, these data should be supplemented with quantitative data based
on sample surveys to get a more precise picture of the distribution of variation.
Unfortunately, for most of the periced of study the security and political
situation was extremely disturbed. At times i1t seemed unwise even to try to
carry out sample survey interviews. At other times, we discovered that farmers
and others were reluctant to respond in ways that would have provided reliable
data. Given the extreme situation faced by fanners and officials, it is to their
credit that they were able to assist and cooperate with the research at all.

We cannot offer precise data on the extent of variation, and cannot offer
guantitative data to substantiate the observations. Nevertheless, we are
confident that the observations and generalizations provided In this section,
and the conclusions and recormendations derived from them, are valid and reflect
social reality in the Kirindi Cya Project.

IRRIGATION ORGANIZATIONS AND THE COMMITTEE SYSTEM

The main organizations involved in the project are the Land Commizsioner’s
Dapartment, lrrigation Department, and the Irrigation Management Division, all
within the Ministry of Lands, Irrigation, and Mahaweli Development; and the
Departments of Agriculture and Agrarian Services, under the Ministry of
Agriculture, Food and Cooperatives. A number of other departments and semi-
govermment agencies, such as the banks and the Crop Insurance Board, are also
involved In the project activities.

The Land Commissioner’s Department, Irrigation Department, and Irrigation
Management Division are h=adad at the project level by no less than four "project
managers.” These arc the project manager (land and settlement), the project
manager (irrigation)or chief resident engineer of the Irrigation Department.,
and the two project managers fron the Irrigation Management Division,
respectively. One Irrigation Management Division project manger is In charge

of the new area while the other is in charge of the Ellegala and Badagiriya old
systems.

The Department of Agriculture functions iIn the project under an
agricultural officer who has responsibilities toward both the new and old systems
as well as to areas beyond the project boundaries. He is under the assistant
director (extension) for Hambantota District. The activities of the Agrarian
Services Department are handled by an assistant commissioner for Hambantota
District.

We see, thus, a rather large proliferation of departments, and a rather
surprising number of positions called "'project managsr.” as will become clear,
this proliferation reflects a serious fragmentation and dilution of authority,
limiting the ability of project management to make coherent plans and implement
plans effectively. The project management structure has evolved rapidly over
time. See Merrey and Somaratne (1989) for a detailed description as of 1981,
and stanbury (1989)and IIMI (1983b) for more recent developments,




38

The Project OFfFicers and thelr Responsibilities

The project manazer (settlement), The project manager (settlement) is
responsible for the custedy, alienation and settlement of state lands, providing
infrastructure and associated facilities to settlers, and adninistration of the
aid under the World Food Program. He Is assisted by an assistant project
manager, His field staff includes colonization officers and field instructors
to handle settlement activities. Colonization officers have been aprointed on
the basis of one for each tract while field instructorsare deployed on the basis
of one for each hamlet iIn the new system. The project manager (settlement)has
a separate construction cadre engaged 1In development OF non-irrigation
infrastructure.

The project manager (settlement)also has responsibilities for coordination
of project activities on behalf of the Government Agent. Since the project has
been 1mplemented in two phases, he needs to play an important role until the
completion of phase 11 activities. His involvement in the completed phase | area
continues because the land administration in the phase | area has not yet been
handed over to the Govermment Agent.

The project manager (irrigation)/chief resident engineer. The chief
resident engineer was initially responsible for the implementation of irrigation
construction work under the project. However, when the irrigation system in
phase 1 area began functioning, he became responsible for both operation and
maintenance activities iIn phase 1 and the constructionwork in phase 11, Until
very recently he employed his construction cadre for both operation and
maintenance (0&M) activities as well as construction work. We analyze the &M
organization below. His construction cadre includes four resident engineers in
charge of right bank, left hank, headworks, and a number of design engineers
attached to his office, as well as Irrigation engineers, technical assistants,
work supervisors, and skilled and unskillled laborers.

The project managers (lIrrigationManagement DiViSion). Two project mangers
under the Integratedifanagem=nt OF Major Irrigation Schemes (I3 A3) program were
appeintad. In 1986, just before the first water issues for the new area of the
project. Their main functions are develomment OF linkages for coordination anong
the various agencies involved in agricultural planning and implementation, ad
promotion of farmer participation in both the decision-making on agricultural
planning and the operation and maintenance of the irrigation system.

The two project mangers have established their project offices and
necessary comittee systems for coordination based on a division between the
"new" and the "old" areas of the project. We paid primary attention to the
organizational activities iIn the new area of the project (rightand left bank
canal systems). The organizational structure of the Irrigation Management
Division In the new area 1is described in detail below.

Officers of the Departiment of Agriculture. Hambantota District has been
divided into three segments for administrative and other functional purposes of
the Department of Agriculture. The project comes under the agriculture officer
In charge of segment 11T, These segments are further divided iInto agrarian
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services divisiong under the charge of agricultural instructors. There are Tive
agrarian services divisions, four of which fall within the project area,
Weerawila, Pallemalala (Badagiriya), Yodawswa, and Meegahajadura. The First four
cover the new and old areas of the project. The agricultural officer with the
assistance of agricultural instructors is responsible for agricultural extension
work iIn the project. The agricultural instructors are normally assisted by
Krushi Viyapthi Sevakas (KvsS), the grass roots level extension officers until
early 1989. They have now been absorbed to the Poverty Alleviation Program as
grama sevakas (local level officers) and receive instructions from the assistant
government agent.

Officers of the Department Of Agrarian Services. The Agrarian Services
Department iIn the project ares functions under an assistant commissioner for
Hambantota District. There are four divisional officers assigned to the four
agrarian service centers in the project to assist the assistant commissioner 1IN
his functions. The field level officers are cultivation officers, who are
supposed to provide a wide variety of services to fanners iIn the established
irrigation systems. However, they too have been absorbed into the Poverty
Alleviation Program as grama sesvakas, The major functions of the Agrarian
Services Department iIs settlement of disputes between landlords and tenants,
maintenance OF land holders registers, collection of acre levwy from farmers,
Issue of identity cards to fanners, estimation of damage to crops by stray cattle
and settlement of disputes among farmers On such damages, taking legal action
against those who do not clean and maintain their field channels, and supply of
Inputs such as weedicide, pesticide and fertilizer.

THE IRRIGATION DEPARTMENT
The o0& Organization

As discussed in previous reports (1IMI 1988b; 1989a; 1989b), the oM
organizationof the Irrigation Department has evolved through several development
stages. Initially, the o0& activities iIn the phase | area of the project were
handled by the left and right bank resident engineers, from the yala 1986 season
t the end of maha 1986/1987. The resident engineers simultaneously managed
some construction work In the phase | area and other construction-related
activities in phase II. With the assistance of an irrigation engineer in charge
of construction, the resident engineers prepared water issue schedules and were
in charge of operation. The field level operational activities were handled by
technical assistants who also supervised construction work, and they were
assisted by work supervisors and irrigation laborers. The resident engineers
had the authority to Instruct the resident engineer (headworks) for the operation
of main sluices and were responsible for distribution and monitoring of water
down to the field channel tumouts.

L. At this level, the divisional boundaries of the Departments of Agrarian
Services and Agriculture are the same and the officers are together in the
Agrarian Services Centres.



40

There was a severe drought iIn the 1986/1987 maha, Which w=s the First
season for many farmers in the new system. More than 60 percent of the
cultivation In the new area failed due to the drought and created serious
problems for the settlers iIn the new area. The settlers blaned the Irrigation
Department, and accused 1t of advocating cultivation In the entire command area
with a very low reservoir {Merrey and Somaratne 1989).

The second stage of developnent was Introduced In maha 1987/1988 with the
appointment of a senior irrigation engineer iIn the office of the chief resident
engineer to prepare water issue schedules. He was also given authority to
control the issues fron the main sluices. The resident engineers now had to
contact the senior irrigation engineer whenever they wanted to increase the
discharges iIn the main canals, as their previous authority to iInstruct the
resident engineer (headworks) for such purposes had been withdrawmn.

However, the resident engineers remained responsible for the operation and
maintenance of the system below the main sluices, and monitoring of discharges.
They appointed irrigation engineers (0&M) with some subordinate staff to attend.
to these duties while also attending to construction work in the area as well.
The technical assistants and work supervisors were appointed on the tasis of one
for each tract, with seven to eight irrigation laborers to assist them. The
senior irrigation engineer wss given formal authority to give instructions to
the resident engineers on operational matters towards the end of the season.

As described below in chapter 5, our observations on the irrigation water
delivery performance iIn the 1987/1982 maha Season revealed:

% inequity of irrigation supply to the field channels under DC2 (¥Cs 9 tO
15) in the sample area and t s 8, 2 and 5 located in the BC2 in
tract 5;

oversupply of water to the sample area during the season; and
% failure to implement rotational water issues after land preparation.

The First two problems are clearly associated with the ineffectiveness of
the O&M organization, as further discussed below. The third problem relates
more to the weakness of farmers” organizations, and other commmity-level
problems.

Problems Associated with the ¢4 Organization

Our observation on the problems with the ¢i4 organization, as discussed
in the Progress Report (1IMI 1988b:71-72), revealed the following:

*

The priority given to construction over ¢ by the resident engineers and
irrigation engineers in charge of operation. This is mainly due to the
fact that Irrigation Department evaluations are based primarily on the
achievement of construction targets, as well as a natural tendency of civil
engineers to prefer construction work. Solid skills and experience in
construction is an essential requirement for fresh graduate engineers to
get their professional qualificationsandbecomecharteredcivilengineers.
Young engineers thus naturally favor construction over C&M to achieve
their professional qualifications as early as possible, as thiswill affect
their seniority and Increments in the Department.
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Lack of incentives for the o1 staff, and the non-existence of clear
indicators to measure their gerformance.

Division of authority over the operation of the system among resident
engineers and the senior irrigation engineer.

Lack of understanding and awareness of the role assigned to the senior
irrigation engineer by some officers engaged in &M,

Inadequate communication System for irrigation system operation by the
senior 1Irrigation engineer via the resident engineer (headworks) and
resident engineers for the left and right banks.

Lack of communication among the technical assistants in charge of
operational activities in different tracts (upstream and downstream) of
the system.

Non-existence of a communication feedback system from the field to the
resident engineers, other than requests by fanner representatives for
increasing the discharges at times of shortage. This is mainly because
the channeling of information fromthe irrigators (lowest level Department
employees) to the technical assistants and irrigation engineers via work
supervisors does not occur.

System operation remained entirely in the hands of unskilled-f laborers .
temporarily hired for this purpose; there was no guidance or supervision
by senior "field-level staff.

Irregular fieid visits by engineers, technical assistants, and work
supervisors in charge of system operation.

Lack of a proper system for monitoring discharges.

These research findings demonstrated that institutional factors were

affecting irrigation system performance. Therefore, attempts were made by the

chief

resident engineer on instructions from the Director of Irrigation to

reorganize the O&M organization, effective from January 1989. The proposed
reorganization included the following features, as reported in the InterimReport

(IIMI

1. {

{
!

1988a:31),

Establishment of a separate 0« organization under the senior irrigation
engineer,who has been delegated complete responsibility over c&éM matters,
including administrative and financial control. He resports to the chief
resident engineer, whom he is to keep informed on his work.

Appointment of an irrigation engineer (0i) for each of the two new sub-
systems (left bank and right bank). The o engineer receives his
instructions directly from the senior irrigation engineer for C&i work,
and exercises financial and other authority for all O& matters in his
respective area.
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3. Appointment of one technical assistant and one work supervisor for each
tract to be responsible for supervising the o&M work under the supervision
of the &M engineer. Turnout attendants (irrigators) have also been

appointed on the basis of one for approximately 200 ha, to be supervised
by the work supervisors.

4. Allocation of specific vehicles, machinery, and other equipment to the
0&M section.

The 0&M engineers were to continue to work out of the resident engineers”
offices, and to remain under the resident engineers for certain administrative
purposes. They were required to keep the resident engineers informed of their
work. However, the proposed reorganization did not come into effect as expected
and there were conflicts and contradictions over the question of the financial
autonomy of the ¢&+ section. At one iInstance the senior irrigation engineer
and one resident engineer came Into conflict over assigning some residual
construction work in phase | by the resident engineer to technical assistants
for o&1 on the system. The senior irrigation engineer viewed this as an attempt
by the resident engineer to divert them from ¢&+ work. The resident engineer,
on the other hand, explained that his intention in assigning the improvement work
in the phase | area to the &M technical assistants was to insure the work is
completed satisfactorily as they are the people who know the problems and their
implications as system operators.

These conflicts and contradictions manifested in themselves a kind of
underground, i.e., unstated, resistance to change of the dominant congtruction-
oriented Irrigation Department structure at the project level. Finally the C&M
sectionwas not given financial autonomy on the understanding that the delegation
of financial autonomy for certification of payments to more than one officer
assigned to the same office is contrary to the rules and financial regulations.
As a result, the senior irrigation engineer had neither financial control over
0&M funds nor administrative control over the &M engineers operating from the
resident engineers” offices. However, the senior irrigationengineer could issue
direct instructions to the c&M engineers and their staff regarding the operation
of the system.

The new O%M organization, with these changes, started functioning in yala
1989. Though the organization was not fully autonomous, and its operational
activitieswere interrupted by the unsettled political ad social disturtences,
it showed some definite improvements in its performance (1IMI 1988%b}. The

following observations on water delivery performance substantiate the
Improvements.

X The overall water supply from the system to the fanners during the season
was not adequate. This was because the Irrigation Department attempted
to save water towards the end of the season as the water level iIn the
reservoir wss very low. However, farmers managed to obtain adequate water
because of rains and re-use of drainage water by some tail-end allotments.

x There was no serious inequity In water deliveries In the sample area except
for c= 10 and 13. The problems on FZ13 at the tail are related to
upstream farmers” interventions at field channel turnouts.
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However, the rotations again could not ke initiated in time, and therefore
could not be implemented, because of delays In land preparation by farmers,
farmers® interventions at field channel offtakes, and disturbances in the area.
But the Irrigation Department did attempt t0 commnicate with Tarmer
representatives by holding meetings with them to make them realize the impact

of water scarcity and the necessity of finding ways to manage with the available
water supply.

These slight improvements, however, cannot be explained solely In terms
of the organizational changes. In the right bank system where we conducted our
research, the resident engineer and ¢&M engineer worked cooperatively, and the
0&M engineer was more or less under the resident engineer for administrative,
financial and other practical purposes. In addition, the previous senior
irrigation engineer who hadconflicts with the resident engineers overtheir role
and Interference in &M matters went on transfer and a new officer took over.
The new senior irrigation engineer tried to avoid conflicts and adjust to the
situation. The improvements are thus clearly associated with personalities and
personal relationships as well as with the organizational changes. The new
structure did focus responsibilities for c&M on particular individuals, rather
than spread them among officers also doing construction. But the present &M

structure, from an organizational point of view, still appears to have several
problems.

The division of ¢&M authority among so many officers (chief resident|;
engineer, senior Irrigation engineer, three resident engineers, two C&HM |
engineers) seriously affects the performance of the staff. In the case of the
senior irrigation engineer, he functions without financial authority over C&M.
He is supposed to supervise the work conducted using @& funds without having
financial authority. The C& engineers execute work funded by ¢&M funds, but
the Tinancial controls are exerted by the chief resident engineer or resident
engineers. It is difficult to hold an officer responsible for executing &M
functions effectively without delegating him sufficient authority over the
control of ¢ funds. As a result, the senior irrigation engineer”s activities
are limited to instructing the % engineers on operational matters; he has no
invelvement, 1IN maintenance work other than some paper work such as allocation
of o0& funds to the resident engineers on the sanction of the chief resident

engineer. This division of authority hinders his ability to exercise direct
authority over O&M.

The c&M engineers are administratively under the resident engineers, and
the 0&M organization under the main canals actual ly functions under the resident
engineers and not under the senior irrigation engineer. No job descriptions with'

details on who is responsible to whom and for what and Kcir ke IS sipposed todo' =

it have been issued to the oM staff. As a result, there is a great possibility
for the ®&M engineers to be assigned other duties by the resident engineer. It
is no secret that construction carries better rewards than 0s work, and there

is no surprise 1T 0& engineers willingly take such responsibilities in addition
to their 0&M work.

Clear definition of roles through specific job descriptions is also
[required for technical assistants, work supervisors, and irrigation laborers.
Though we observedtechnicalassistants attending to their job by making regular
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field visits, we have strong doubts about the work supervisors” involvement.
Effective system operation requires thelr participation Tfor supervising
irrigation laborers and giving iInstructions on certain operational matters, as
well as being a liaison with farmers and fanner representatives.

There 1s no Incentive for the officials of the 0& organization to motivate
them to attend to their duties as required by the operational assumptions.
Proper incentives cannot be offered without some policy decisions at the national
level. The major constraints for offering such incentives are:

X the lack of financial resources for ¢ work; and

* the non-existence of iIndicators to measure the performance of 0&M

staff.

These constraints particularly affect the performance of th= middle- and
loner-level field staff wo are the “kingpins of water management from the
agency side* (Raby and Merrey 1989:77).

Conclusions and Recommendations on the G Organization

1. The organizational sStructure. Based on our finding over several
seasons of research and recent developments iIn the project, we have concluded
that a weak &M organization in the project cannot compete with the dominant
construction-oriented culture of the Departrent at the project level. Further,
given the serious water supply constraints faced by the system, a strong O&M
organization is essential. We therefore propose that management responsibility
for the completed areas of the Kirindi Oya Project be handed over to the Range
Deputy Director, Hambantota, without any further delay. Under the range deputy
director, we suggest that an experienced chief irrigation engineer be appointed
as the overall irrigation manager of the irrigation system. The positions of
the chief resident engineer and three resident engineers are temporary, until
construction 1is completed; these positions will be phased out as the
construction is completed. Until that time, we suggest the chief resident
engineer’s and resident engineers’ activities be confined to the construction
work In the phase 11 area of the project. our proposed organizational set-up
for the o division of the entire Kirindi Oya Irrigation System, including the
new areas and Ellegala and Badagiriya Systems, iIs given in Figure 3.01.

The proposed organizational structure provides for a senior engineer
having overall authority, and <&M engineers for the three hydrological
subsystems and the head works. It also provides for the Hydrology Division
working iIn the catchment to report directly to the chief irrigation engineer
rather than to the deputy director of the Hydrology Division in Colombo, as
recommendad 1IN chapter 2. Finally, 1t provides for a monitoring and evaluation
unit to be responsible for collecting data and using i1t to evaluation
performance, and providing timely feed tack.,

The density of personnel deployed could be as follows: one technical
assistant per 2000 ha; one work supervisor per 1000 ha; and one irrigator per
200 ha. It is assumed that Badagiriya will continue to receive water from the
main System (right bank canal); hence its inclusion under the right bank
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subsystem is justified (this is based on the new development In the project
described under the organization structure of the Irrigation Management
Division). The Ellegala system includes Gamunupura area, Tissawswa, Yodawews,
Debarawerm and Wesrawila Tanks.

Several steps have to be taken before handing the system over to the
deputy director, Hambantota, These iInclude completion of residual work iIn
phase | area; lot improvement and many other minor works reported by farmer

organizations remain undone according to the minutes of meetings of the Project
Committee.

A number of construction defects are still to be observed iIn the system.
Even in the case of DC 2, the canal cannot convey the design discharge in
certain reaches. The identification of such defects in consultation with the
farmers, and taking remedial action is necessary prior to the handing over, as
the O&M organization is weak INn resources.

Rehabilitation of broken field turnouts and other structures is also
required. We have observed many broken field tumout structures and other
regulating structures In many Tfield channels iIn the sample area. Strict
rotations cannot be implemented without these repairs. This will have a serious
impact on the proposed crop diversification progran for yala,

2. Professionalize irrigation management. At present Irrigation
Department personnel concelve of themselves primarily as civil engineers, not
irrigation managers. The Department’sonan values and incentive system reinforce
this attitude. But nationally, not only iIn Kirindi Oya, the role expected from
the Department places greater emphasis on irrigation management, and less on
construction. It is time for the Department to begin adjusting to these
changing needs.

The Department should take a clear position that emphasizes and values
professional i1rrigation management as an important role of i1ts employees. The
senior Department staff should be given clear and full responsibility matched
by appropriate authority for improved management of irrigation systems. Both
in-service and on-the-job training, and a system of incentives for high
professional performance, are required. Incentives could include non-monetary
ones, such as selection of good system managers for valued overseas training
opportunities, and letters of commendation from the Director for a job well
done.

The widdle and Tield-level oM staff should be issued clear job
descriptions (the Irrigation Department manual defines the roles of 1rrigation
engineers and technical assistants In a general way, but these are rarely
consulted). The guidelines in the final draft of the 084 Manual prsparsd by
the water management consultants (Water Management Consultancy 1989) can be
followed in thelr preparation. Recruitment and training should be based on the
skills required for carrying out the jobs.

3. Performance monitoring. Introduction of clear job descriptions will
provide a basis for developing measures of performance of O& staff. In
addition, effective management of irrigation water deliveries will require an
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effective timely system for ascertaining real time demand 2= against available
supply; cnanging delivery patterns to meet the demand; monitoring delivery

performance in relation to targets; and making further adjustments based on
performance.

4. Working committse In the Irrigation Department. The Irrigation
Department is at the early stage of a major transformation from a construction
agency to an agency with primary technical responsibility for management of
irrigation systems. The managsment function will require new skills and
procedures for rarticipatory and joint management with farmers. The above
recommendations also point In this direction. To facilitate the process of
transformation from a "bureaucratic technical-engineering’ approach to a
"strategic organization” with a participatory approach, we propose that the
Irrigation Department establish a "working conmittee" modeled on the one that
has guided the transformation of the National Irrigation Administration in the
Philippines (Korten and Siy 1989). This would be an advisory committee,
including both Department officials and some outside expertise, to assist the

Department In leaming from i1ts experiences and adapt i1tself to work more
effectively in the new mode.

THE IRRIGATION MANAGEMENT DIVISION
Formal Organizational Structure and Objectives

Kirindi Oya 1s one of about 35 major schemes on which the Irrigation
Management Division is implementing its program for Integrated Hanagement OF
Major Irrigation Schemes (IMMAS). The Division itself is quite small, with
minimal staff and very little authority or funds. In Kirindi Cya 1t 1iIs
represented by two project managers (oneeach for the old and new areas), who
are each assisted by an institutional developnent officer. Until recently, they
had a number of Institutional organizers to work at the field level.

The general guidelines for IMMAS advocate the establishment of a pyramidal
committee structure operating on three tiers: field channel groups, distributary
channel organizations, and the project comittes., The structures and the
functions of the committees at each level are conceived as follows (see IMD
Handbook 1985).

1. Field channel groups. All the fanners under a field channel are
members of the field channel group and are expected to appoint a "farmer
representative," preferably by consensus, to represent its merbers at higher
levels of the committes structure. Before the fermation oF field channel
groups, the institutional organizer is supposed to work in the community and
explain the program. He 1is supposed to play the role of a "change agent to
bring about an attitudinal change iIn the community In order for them to adjust
to the new requirements such as cooperation for sharing water and channel
maintenance demanded by the irrigation system. The major function of the field
channel group iIs to organize water distribution and maintenance of field
channels and drains in the turnout area. The group is supposed to meet regularly
1o discuss issues and problems relating to water distribution maintenance and
take timely action. Problems that the field channel group cannot solve can
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either be referred to the distributary organization or to the appropriate line

agency. Field channel representatives are supposed to have close contacts with
the field level irrigation staff to find solutions to irrigation problems at
field level.

2. Distributary organizations. The Tfield channel representatives
appointed by fanners under one normal distributary channel (or several adjacent
small ones) form the distributary channel organization. It is a formal
organization with a constitutionand a secretary, a president, a treasurer, and
other office bearers appointed by the fanner representative members. This
organizational meeting is also supposed to be initiated by the institutional
organizer (ifany) with the participation of the project manager. Meetings of
the distributary organization are supposed 1O be attended by Tield level
officers of line agencies to discuss problems and find solution to those
problems that can be solved at this level. The responsibilities of distributary
organizations are to (IMD Handbook 1985):

a. organize activities relating to water distribution and
maintenance of field channels;

b. arrange for the equitable distribution and rotation of water
along field channels;

C. encourage fanners to improve on-farm water management;

d. facilitate fanners” participation in decision-making,
planning and implementation of all matters concerned
with agriculture and irrigation;

e. 1dentify areas needing improvements and rehabilitation;

f. organize collective work that can be handled by farmers
under the supervision of the officers;

2, keep the authorities informed of irrigation offenses,

pest attacks, disease outbreaks, and crop damage caused
by animals; and

h. encourage farmers to pay &M fees.

3. The Irrigation Management Division-Project Committee., The project
committee convened by the project manager iIs at the apex of the committee
structure implemented under the INMAS program. The members of the committee
include farmer representatives on the besis of one from each distributary
organization, technical assistants of the Irrigation Department, colonization
officers of the Land Commissioner’sDepartment, agricultural instructors of the
Department OF Agriculture, and divisional officers of the Agrarian Services
Department. The <& engineers of the respective canal systems also attend
meetings though they are not members of the committese, OFfficers of other line
agencies are invited to committee meetings, which are held regularly once a
month. The functions of the project committee are (Perera 1986):
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a. formulating and implementing the seasonal agricultural
program,
b. holding pre-kanna meetings and making arrangements for
holding of timely kanna (pre-season cultivation)
meetings;
C. coordinating the provision of credit and other inputs
in time;
d. making arrangements for operation and maintenance of all capital

assets and approval of items to be handled under the maintenance
program for the irrigation system;

e. reviewing the agricultural program during the season in
order to take any necessary corrective action;

f. attending to problems connected with water distribution
reported to the committee by farmer representatives;

£, promoting farmer participation iIn the project through
formation of farmer organizations;

h. organizing farmer and officer training; and

i. reporting to the District Agricultural Subcommittee on the problems
that cannot be solved at the project conmittee level.

The project committee is linked to the district level through the District
Agricultural Subcommittee which is the main implementing bedy at district level
for the management of TaMAsS projects. The District Agricultural Subcommittee
is linked to the national level through a central coordinating committee which
reviews policy and provides guidelines for implementation.

The Irrigation Management Division Comuittes Structure In Kirindi Oya

Two project committees have been established in the project, one for the
old area and one for the new area. Our main concentration was on the Committee
structure in the new area of the project. The Irrigation tanagement Division
project manager for the new area has attempted to form the three tier committee
structure following the 1MMAS guidelines. Though the committees reflect the

pattern advocated iIn the program, they have not yet developed to take
responsibilities as anticipated.

Field channel groups. Field channel groups were iInitiated at the
beginning by the project manager without the assistance of a field staff. It
is not surprising, then, that he could not explain clearly to all the farmers
and farmer representatives the objectives of the program. Therefore, the
farmers were not aware of their roles or those of the farmer representatives in
the program.
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Though the iInstitutional organizers were fielded in 1988, their stay in
the project wes limited to a period of one year in many cases. They did not
leave any significant imprint on the farming community during this short period.
As a result, the majority of the farmers are still unaware of the objectives of
the program.

A majority of the farmers were temporarily settled iIn the project at the
beginning. After the crop failure in 1986/1987 maha, the majority moved out of
the settlement for economic reasons. They lost confidence iIn the system (Merrey
and Somaratne 1989). Though the situation has improved now, a significant

number (20 percent in our sample) are still not permanently settled. This is
a major problem in organizing farmer groups.

Irrigated agriculture was not the main concern of the fanners stricken
with severe hardships. It was very difficult to organize them for such purposes
at the beginning. When the cultivation started, many fanners found that they
could not irrigate their lands without som= improvements in the canals and
levelling work iIn allotments. On such occasions they rallied round the

organization to find solutions to such problems but lost interest when the work
was over.

The field channel representatives who were appointed by the farmers at the
teginning did not have the leadership qualities denanded by the program. There
was no training for them. Therefore many did not have a conmitment to the
program. Even those who were committed to some extent lost interest in the
program, because of other farmers®™ lack of cooperation. The farmers attributed
the traditional role of "water headmen™ (vel vidans) to field channel leaders
and wanted them to take the responsibility for doing much of the required work.

For all these reasons, there was no active involvement of fanners or field
channel representatives In canal cleaning and other maintenance activities.
Since there were no rotational issues and water was in abundance, there was no
perceived necessity for them to participate In water distribution.

Distributary organizations. The field channel groups are conceived by the
Irrigation Management Division as informal *groups”, not formal organizations;
but the distributary organizations are expected to develop Into formal
organizations. More recent thinking is that these organizations will be
legalized and asked to take formal authority and responsibility for system O&t
from the distributary level dom. However, the evolution of these organizations
at Kirindi oya has not been very promising so far. There are several reasons.

1. The farmer organizations at Kirindi Oya were initially formed as namlet-
based organizations. This ws because the people living in different
hamlets located four to six kilometers apart had, In principle, been
allocated lands to share water from one or more common distributaries
(Stanbury 1989). Therefore people getting water from different
distributaries but living In the same hamlet were included In the hamlet
level organization (Merrey and Somaratne 1989 provides an example; see
chapter 7 for another). This iIs a common problem in all the hanlets of
the right bank system; out of the seven distributaries under BC2, three
fall 1nto this category. Though attempts were made to base the
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organizations on distributaries, the settlement pattern has reduced the
participation of field channel representatives living in other hamlets.

Distributary organization meetings were not regularly attended by farmer
representatives. In the case of the Hamlet 11 organization comprising OF
22 fTield channel representatives, the number attending meetings never
exceeded 12. The problems of fanners on some field channels could not be
discussed at the meetings because of this.

The leaders of distributary organizations tried to find solutions to
irrigation problems and other community level problems through the
involvement of the Irrigation Department and other relevant organizations.
For example, after the loan funds for phase 1 construction had been used
up, the farmer representatives were successful iIn getting the remaining
land, irrigation and drainage construction work completed by using phase
IT funds. Recently lining of a portion of 0Cs in right bank tract 1 was
done through the project committee and sutcommittee OF the project
coordinating committee,

But the organizations failed to issue invitations for meetings to the
officers concerned on many occasions. Some officers did not attend even
when they were invited, As a result erther the distributary
representatives or project manager had to take the probiems to the
relevant organizations for solutions. There were no attempts by
distributary organizations to solve problems by community participation
or by the participation of field-level line agency officials.

Fanner representatives took decisions about seasonal cultivation programs
that were biased towards farmers” views as there were no line agency
officials to iInfluence their views and decisions at distributary
organizationmeetings. This sometimes has led to inappropriate decisions;
the issue of First water before harvesting was completed, lack of time
allocated for canal maintenance at the start of yala 1989, and the
decisions to cultivate rice iIn both 1988 and 1989 yala seasons are
examples.

The Irrigation Management Division and the Land Commissioner’SDspartment
representatives had conflicts over certain issues; these came out for
exanple during discussions of community problems at distributary
organization meetings. On some occasions there were criticisms against
some field level officers of the Land Commissioner’s Department. In a
previous publication we had documented attempts to undermine each others’
programs (Merreyand Somaratne 1989). The Land Comnissioner’s Department
had no effective program at that stage to solve these problems. This led
to conflicts between i1ts Tield level officials and the leaders of
distributary organizations. Many fanner leaders became discouraged as a
result of these conflicts. The conflicts between the two departments are
no longer predominant, but many of the community level problems still
remain unsolved. Because of the tensions associated with the transition
from the settlement stage to the agricultural production stage, and the
ineffective organizational strate gies adopted, the IrrigationManagement
Division could not address the on-farm water management issues at this
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stage. This remains a serious problem. The distributary organizations

almost everywhere in the project have inherited these problems.
cases the organization rests on one or two leaders who liaise Wl'l'hm%Fle

Irrigation Management Division project manzgzer to solve their problems.

The project committee, The Irrigation Management Division project

committee for the new areas of Kirindi Oya 1S comprised of the divisional level
officers of the Departments of Irrigation, Agriculture, Agrarian Services, and
Land Commissioner, and the distributary organization leaders. Though &
engineers are not members of the committee, they attend meetings regularly.
However, the management capacity of the committee is still not developed for

the formulation and implementation of agricultural programs for a number of
reasons.

1 8

The District Agricultural (DaC) Subcommittee did not function for a long
period, hence the project committees in the entire district had been
paralysed. The INMAS program requires an effective DAC subcommittee iIn
order for the lower level committees to function. Even when the
subcommittee started functioning, the project level officers did not
attend the meetings. The farmer representatives of the new area who
attended the committee were frustrated, because there were no higher
officers of the 1iImportant agencies like the Irrigation aid Land
Commissioner™s Departments at the subcommittee meetings. Therefore, they
came to prefer attending the subcommittee of the project coordinating
committee established iIn the project (see below). However, the farmer
representatives of the old area attend the DAC subcommittee meetings but
avoid the subcommittee of the project coordinating committee because line
agency officers involved In the old area attended these meetings. This
situation has now Improved and the project level officers also participate
in the meetings held once every three months. However, this situation

weakened the functioning of the project committes In the area until mid-
1989.

The project committee received less attention because of the existence of
a more powerful ‘"project coordinating committee” established for
implementation of the project activities. However, its major function wss
1o oversee construction and settlement iIn the project and not agricultural
plan implementation. Higher level project officers of other line agencies
did not attempt to develop the management capacity of the Irrigation
Management Division project committee, for examnple by attending meetings
regularly and using It as a forum for consultation with farmers on
agricultural planning. The conflict between the Land Commissioner-s
Department and the Irrigation Management Division further reduced the
development of the management capacity of the project comittes and also
seriously affected the launching of crop diversification prograns In yala
1988 and 1989. This situation improved with the arrival of a new project
manager for land and settlement activities. The participation of the
chief resident engineer at a recent (late 1989) project committee meeting
also shows the recent change in the IrrigationDepartment attitude towards
the program.
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3. Achieving the objectives of the INMAS program demands a bureaucratic
reorientation. However, because the Irrigation Management Division has
failed to give the necessary training to the officers of other
departments, the objectives of the program and their responsibilities
toward it are not clear to them. Therefore, the officers tend to work
primarily for the narrower objectives of their agencies without involving
themselves much in the INMAS program activities. For example, an
agricultural officer once refused to give the assistance of his field
level staff to the project manager (lrrigationManagement Division) for
data collection to prepare the seasonal agricultural program because they
themselves prepared a program for the entire district. This IS In spite
of clear directives from the center ordering cooperation in seasonal
planning.

Conclusions and Recommendations on the Irrigation Management DiViISIOn

Conclusions. Our findings In the three seasons covered iIn this study
clearly demonstrate the structural weakness of the Irrigation Management
Division organization at every level of the comittee structure. The following
are our observations In this context.

1. Though the field channel representatives and distributary organization
leaders generally propose the cultivation calendar, they make no serious
effort to clean canals on time, as agreed at cultivation meetings. This
reflects the weakness of the organization to a great extent, though some
settlement issues such as temporary residence of settlers are also
important factors. But in our experience iIn Kirindi Oya even those who
are permanently settled attend to canal cleaning only after the water
issues are made. They never clean field channel roads or de-silt the
channels; they only clean weeds from the canal.

2. The rotations could not be commenced iIn time (and thus were not
implemented} during any of the observed seasons because of the delay in
land preparation. The delay in land preparation is attributed by farmers
and officials to delays iIn the supply of inputs, for which better
arrangements could be made through coordination. However, the line agency
support for the Irrigation Management Division’s attempts to solve these

problems remains unsatisfactory, especially in the case of credit and
tractors.

3 tne OF the main responsibilities of the Irrigation Management Division Is
to formulate and implement the agricultural progran and monitor its
progress. However, the Division has failed to attend to these functions
because of lack of line agency cooperation and because its main focus has
been on irrigaticn problem solving. It could be seen that the cultivation
calendar agreed upon was not adhered to In any of the seasons and as a
result water issues had to be extended.

Overall, then, we find that despite rhetoric in support of tuming over
authority to farmers and gaining farmers” participation, the government agencies
have in fact consistently given very low levels of support to building
institutions through which fanners could participate effectively. This 1is
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reflected in the low level of resources and central support provided to the
Irrigation Management Division, and the minimal iInterest and support for the
Division™s efforts provided by other departments. We find that the actual
impact so far has been to confirm and encourage fanners®™ dependency on the
bureaucracy, rather than creation of self-reliant farmers®™ organizations, or
true joint management. The Irrigation Management Division and the comittee
system It has tried to create are not effective. Farmers®™ groups and
organizations exist to some degree, but are not teing "institutionalized,”"i.e.,
infused with a value and usefulness that would lead to strong and continued
sustainability.

Recommendations. The government policy regarding the management. ofF major
irrigation schemes demands the proper functioning of the project committee
system proposed under INMAS., Though alternative management innovations could
be proposed for the Kirindi Oya Project, our focus here is to develop the
management capacity of the project committees to handle the irrigation and
agriculture-related activities in the project.

1. The Irrigation Management Division should take the initiative to train the
project- and field-level officers to enable them to understand the program
better. They are not very knowledgeable about the program at present.

2. The Irrigation Management Division should identify training needs of the
farmers and fTarmer representatives, through a formal participatory
"training needs assessment” process. The training should emphasize on-
farm water management and crop diversification issues as these are key
areas for the success of the project.

3. The project committees should be formally recognized as the mechanism for
policy decisions. As part of this recognition, we suggest re-naming them
as "'Project Management Committees" t0 emphasize their role. They should
focus on formulating, implementing and monitoring the agricultural.
program. Agreement on a realistic cultivation calendar, and adherence to
this calendar, will be essential in order to use the limited watar supply
effectively.

4. We recommend forming three project management committees, one each for the
right bank, left bank, and Ell=gala subsystems. Under the overall project
management structure we are proposing (see below), it will be at this
level that project management committees can be most effective.

5. The project level higher officers need to participate at project
management committee meetings when decisions on seasonal agricultural
program are taken, to influence fanners to take rational decisions.

6. The responsibilities of the field level officers of line agencies towards
the 1vMaS program, and their relationship to the Irrigation Management
Division, should be included in their job descriptions and the heads of
line agencies need to take action to insure adherence. We believe the
Irrigation Management Division could increase the Rs 250/= allowance paid
to members of the committee to motivate more active participation.



54

7. The problems that the project management committee cannot solve should be
attended to by field level officers of line agencies, In consultationwith

their superiors, and the results should be reported to the committee at
subsequent meetings.

8. The DAC subcommittee needs to evaluate the performance OF project
management committees iIn the district periodically, and attempt to
strengthen thelr management capacity.

Conclusions on the Other Committees in the Project

Our previous three reports discussed a number of other committees
functioning in the project. They are:

1. The project coordinating committee
2. The subcommittee OF the project coordinating comittee
3. The committee for crop diversification.

The project coordinating committee is required to function in the project
until the completion of Phase 11. However, its functions need to be limited to
construction and new settlement issues in order to pave the way for the project
management committees to develop their management capacities. |t Is necessary
to take a policy decision at the central coordinating committee to limit its
functions and allow the project management committees to function through the
DAC subcommittees.

The subcommittee of the project coordinating committee, established in
part as a result of observations In an earlier IIMl report, was useful as a
forum for the project, manager (lrrigationManagement Division) because the DAC
subcommittee wes not functioning, and later higher level project officers did
not attend DAC subcommittee meetings. Now the situation has changed.

Therefore, we recommend the abolition of the sub-committee of the project
coordinating comni ttee.

However, the committee formed to address crop diversification issues needs
to be retained for a longer pericd because the project management committee is
still not developed sufficiently to take this responsibility. The committee had
prepared an agricultural program for yala 1990. All the line agencies were
involved iIn the preparation of the program and worked as a team to realize its
objectives. This is the First such group attempt we have observed in the
project for crop diversification. The Irrigation Management. Division has

contributed to the program through primary data collection with the involvement
of distributary organizations in the project.
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DECISTON-MAKING, INFORMATION FLOW AND PERFORMANCE MONITORING

Decision Making

Making decisions regarding the cultivation season is very iImportant in
irrigated agricultural schemes. It requires information on the availability of
water, data on the inflow and rainfall assumed for a particular season, the
extent of area to be cultivated, the crop varieties to be cultivated, the
availability of seed and other inputs, marketability of the products, and other
information, Therefore, decision-making involves information and data
collection for the formulation of a program for the season.

The project committee is supposed to prepare this program before the
commencement of a season. However, for various reasons discussed above, It has
not succeeded In preparing such a program. The decisions for the previous ¢ iree
seasons were taken at the cultivation (kanna) meetings without having any such
program. The procedure followed in the previous three seasons was as follows.

1. The project manager (IrrigationManagement Division) arrangeddistributary
organization meetings with farmer representatives and arrived at decisions
regarding the cultivation season. Since the meetings were not attended
by officers of other line agencies, they had no influence on the
decisions. For yala 1989, the project manager could not discuss plans
with the farmers at distributary organization meetings since the meetings
could not be held for security reasons. Plans were discussed only at the
project committee level.

2. The farmer representatives then proposed dates for the cultivation season
at the project committee meetings. These meetings are attended by field
level officers, but they did not know much about the program of their oan
department for the season and therefore, could not influence the fanners”

thinking.
3. The project manager then arranged pre-kanna meetings with line agency
officials and fanner representatives. By this stage the fanner

representatives had a program agreed upon by them at the project
committee, They attempted to maintain their own decisions. The officers
were forced to accept these decisions.

4. The decision of the pre-kanna meeting was ratified at the kanna meeting.

There were attempts by other project level officers to influence this
decision-making process on three occasions. In meha 1988/1983, the sub-
committee of the project coordinating committee, with the participation of
project level higher officers, was formedto guide this decision-making process.
The last two seasons {maha 1989/1930 and yala 1990) the decisions taken at the
project committee have changed, and the dates proposed for the cultivation

season postponed after discussions with the famer representatives, and
ultimately changed completely.

In yala 1989, the project committee decided to cultivate rice in the right
hank tract 1 and left bark tracts 1 and 2 even though the project authorities
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intended to cultivate only non-rice other field crops. The project manager
(IrrigationManagement. Division) was accused of taking farmer-biased decisions
against the project plans for cultivating non-rice crops in yala. Similarly,
in yala 1989, the farmer representatives and project committee decided to
cultivate rice. The project authorities failed to change this decision because
they had no solutions to farmers® problems such as credit, marketing and crop
insurance. Neither the project committee nor the project coordinating committee
had made any plans before the commencement of the season. Instead, officers

attempted to launch programs without any prior preparation to study and address
the constraints involved.

A recent development iIn the project has complicated the seasonal decision-
making. A pre-kanna meeting for the entire project was held recently with the
participation oF farmer representatives from both the new and old areas of the
project. Itwas initiated by the chief resident engineer to present a technical
solution to the water crisis in the scheme. The solution was, basically, to
provide tanks in the old area with drainage water, especially fron tracts 1 and
2 on the right and left bank systems.

Though the Irrigation Department officers claim that they had no intention
to deprive the old area farmers OF priority rights over water by the proposed
plan for water issues, the old area fanners as well as the Irrigation Management
Division project managzer For the old area were suspicious. The old area farmers
generally hold negative attitudes towards the whole development project. Their
attitude might have been very different if the Asian Developnent Bank-funded
rehabilitation work in the old areas had been carried out in consultation with
farmers or existing fanner organizations. From the farmers® point of view the
rehabilitation program has not led to any significant improvement in their
irrigation systems. Inaddition they fear that the drainage water from the new

area would tend to cause salinity iIn their rice fields without sufficient
drainage.

As a result, the farmers in the old area attempted to retain their
priority water rights and they were successful at the meeting. The priority
claimed Includes priority water rights in both yala and maha for 200 percent
cropping intensity. More recently, Badagiriya farmers have also claimed some
priority over water from the main system. IT these priorities remain, the new
area fanners will face serious shortages, even for cultivation of non-rice
crops, and even if phase II is not completed. This is a very complicated
situation which should receive attention at central coordinating conmittee level
and at the political level (seechapter 2),

Recommendations on Seasonal Decision-Making

1. The project committees should prepare a tentative cultivation progran for
the season at least three months prior to the commencement Of the season,
with at least two scenarios for 'water abundant" and "water short"
seasons, respectively, in collaboration with senior Irrigation and
Agriculture Department officials.
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2. The proposed plan should be discussed with farmer representatives at

distributary organization meetings, attended by other line agency
officials to influence the decision making.

3. A Final decision on the seasonal program needs to be agreed upon at a
project committee meeting when the water level In the reservoir is
sufficient to commence the cultivation. The project committee can hold
a special session in case it has already held its monthly meeting. The
participation of the senior irrigation engineer and other high level
project officers is required to explain the reasons for changes to the

program, If any, such as the curtailment of the cultivation area due to
scarcity.

4. Then, either a meeting of the DAC subcommittee attended by Tarmer
representatives of both systems, or a pre-kanna meeting restricted to
farmer representatives with the participation of key officials is needed
to discuss common issues and confirm the decision.

5. Finally, the government agent should hold kanna meetings based on tracts

or tanks to explain and ratify the decisions taken at the pre-kanna
meetings.

Information Flow

Information 1S required not only to take decisions on the seasonal
agricultural program, but also for monitoring the implementation of the agreed
upon program. The Irrigation Department has to make water issues for the
season. The Irrigation Management Division has to attend to water management
activities In the turnout areas and arrange the necessary Inputs. All these
activities involve information sharing and decision-making at various levels.

In the case of the Department of Irrigation, the senior 1irrigation
engineer has to prepare a water issues schedule, including information on the
discharge quantities at various offtakes and duration and timings of rotations.
He requires from the field intormation such as:

1. discharges made to various offtakes iIn the systenm;
2. progress of land preparation in the command area;

3. rainfall and other climatic data from weather stations located in various
places i1n the system; and

4. data on inflow and water availability in the reservoir.

Our observation on the various aspects of information sharing demonstrate
that the iInformation iIs not received in time by the senior irrigation engineer
and even if 1t IS received it lacks accuracy. The following are our
observations with regard to the information flows in the Irrigation Department.

The discharges at offtakes of the system. Measuring discharges at various
offtakes is necessary to know whether the farmers receive adequate amount of
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water in time and in an equitable manner and also for the monitoring of system
performance. The Department did not succeed in collecting these data in the
first two seasons but was successful in yala 1989. However, the data could not
be used for any practical purpose. The normal practice of the Department is to
use theoretical rating curves oOfF the measuring structures for calibrating
discharges, but this does not reflect reality. In many cases the measuring
structures are defective and some theoretical rating curves have never been
checked In the field. As a result there iIs no rossivility to know whether the
distributary structures are delivering the design discharges.

The progress of land preparation. The water issue schedules assume three
staggers in the season with 20 percent progress in land preparation in the first
three weeks, and 60 percent and 20 percent respectively in the subsequent three
weeks. The land preparation period is assumed to e five weeks. However, land
preparation takes a longer time than assumed for various reasons discussed
elsewhere. The Irrigation Department is forced to change the schedule based on
the progress of land preparation to avoid wastage of water. The Department
could not collect systematic timely data on the progress of land preparation in
the two previous seasons; in yala 1989 the Department adjusted discharges based
on data being collected during the land preparation.

Rainfall and other climatic data. Rainfall data are very important in a
water short scheme like Kirindi oya. Though weather stations with instruments
are available in the project we find that the data collected are not accurate,
apparently because of the lack of experienced personnel. Other climatic data,
such as evaporation, humidity, and speed of wind, are required to prepare
schedules based on more realistic values instead of theoretical or assumad ones.

Data on inflow and water availability. Though the data on water
availability in the reservoir can be obtained from the headworks resident
engineer, there iIs a strong doubt about the accuracy of the inflow data received
because the Irrigation Department officers cannot closely supervise the
measurement activities done at a station located In a distant. place iIn the
catchment.

Information Flows within the lIrrigation Department, Our findings show
clearly that the collection of information in the field i1s not satisfactory.
However, channelling of information from the senior irrigation enginser to the
field, and communication within the higher level of the organization, have
improved since the reorganization of the c&M section. Certaln communication
problems such as channeling of information to the G&M engineers and technical
assistants from the senior irrigation engineer have been avoided by regular
field visits by the senior engineer and other ¢&M staff. As a result the
following improvements can be observed now:

1. The unusual fluctuations in the right bank main canal have been avoided
by establishing communication between tracts through daily visits along
the canal by technical assistants assigned to the C&M section.

2. Regular field visits by the senior irrigationengineer and his staff have

given them an opportunity to communicate and share information with the
field level staff.
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However, we observed that the &M section does not have any formal
meetings to discuss and evaluate the performance OF the irrigation system or to
identify operational and distribution problems.

Though the situation at higher levels of the system shows some
improvement, there is a serious lapse IN communication and information sharing
in the field. This is largely due to the ineffectiveness of fanner level
institutions in the project. The Irrigation Department attempted to solve some
field level problems by arranging weekly meetings with fanner representatives
and farmers at unit offices, and through a complaint book kept at the unit
offices for fanners to lodge complaints. But the farmers have preferred to find
temporary solutions to the shortage of water in canals through irrigation
laborers who can offer immediate solutions by increasing the discharges to a
particular field channel. This kind of problem solving mechanism could be
observed throughout these seasons in our sample distributary.

To further elaborate on this issue, the tail-end field channel (FC13) of
DC2 is water short throughout the season. The scarcity is grave during the land
preparation pericod because the canal cannot convey the design discharge due to
defects In the design. Since this is not brought to the notice of the higher
level officers, the problem remains unsolved. In some instances the canal
design assumes that all the allotments under a particular canal are poorly
drained soils though the situation is entirely different. In such cases water
shortages are unavoidable. However, due to the lack of feedback, these problems
do not receive due attention.

Information flow within the Irrigation Management Division end with Fanners

The Irrigation Management Division is supposed to communicate and share
information through the three tier committee structure established in the
project. As we have pointed out above, some organizations are defunct, hence
two way communication does not occur. In hamlets where the organizations are
active, various kinds of irrigation problems and other field level information
are brought to the project committee and solutions are intimated to the fanners
concerned through distributary leaders. The IrrigationManagement Division has

been successful in solving irrigation and other agricultural problems in this
way.

In tract 5, the organizations were defunct and as a result communication
flow upwards and downwards did not occur. Because of this serious lapse in
communication, the Irrigation Department took a decision for an early water
issue for yala 1989 when many rice fields iIn tract 5 were still not ready for

harvesting. The following are our observations on communication lapses in
tract 5:

1. Both distributary organizations and field channel groups are defunct,
though the leaders of the distributary organization attend the project
committee neetings. As a result the lrrigationManagement Division cannot.
effectively share information with the fanning community.

2. The most vital information such as the dates of pre-kanna and kanna
meetings are often intimated to the community by posters and leaflets
rather than through the farmer representatives.
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The agricultural data are collected Inmany cases by distributary leaders
themselves who, as field channel leaders, are ineffective. This leads 1O
unnecessary delays in the collection of some vital information necessary
for formulating agricultural programs. For example, the Irrigation
Management Division tried to collect information through the distributary
organizations in previous seasons on farmers” willingness to grow other
field crops, and this led to delays in obtaining the data. In the
preparation of maintenance programs, the Division expects the project
committee leaders to collect information on broken structures in the field
and distributary channels. But the field channel representatives are
ineffective, so only a few of the distributary leaders do this. Since
they cannot meet all the farmers, their data are incomplete.

Conclusions and Recommendations on Information Flows

A good management information system does not develop on its own. It

results from serious attempts at monitoring and evaluating of system performance
to Ffill real management needs. The monitoring and evaluation of system
performance leads to communication with farmers and the field level staff and
finally to the development of a zocd information system.  Therefore, our
recommendations emphasize evaluating the performance of the irrigation system.

1.

The Irrigation Department needs to shift its attention to evaluating
system performance by monitoring discharges at distributaries instead of
the present practice of evaluating only ex sluice duty. This involves
construction of more effective measuring structures as the existing ones
are defective In many cases. In addition, the theoretical rating curves
for distributaries and field channels iIn the entire command area need to
e re-calibrated in the field. This may require a lot of money and
energy, but is necessary for developing an information system. It may be
most practical to start with a few key measuring points scattered along
the main canals, and add other points slowly as management capacity and

resources allow. The measuring structures king constructed using phase
1T funds must be calibrated.

The Irrigation Department needs to train its field staff to enable them
to collect data with accuracy. Senior field staff should supervise and
guide them iIn order to enable them to be more accurate.

Irrigation Department field staff need to establish rapport with fanners
and try to identify problems associated with construction and design
defects instead of offering temporary solutions and blaming the farmers
for theilr present irrigation practices. This would also enable them to
collect more accurate information.

The senior 1irrigation engineer nesds 1o attend farmer organization
meetings, project committee meetings, etc., to collect information on the
irrigation system from the users” perspectives.

The Irrigation Management Division needs to strengthen the farmer
organizations in order to have an effective communication mechanism which
can ke used for information sharing. Recently, under an Institutional
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Strengthening Activity supported by the Asian Development Bank, the
consultants recommended a set of simple, appropriate irrigation
performance indicators, and a methodology for collecting these through
fanners” organizations (Uphoff n.d.). We strongly recommend that this
approach be pilot-tested In Kirindi Oya, both as a way of Improving

information flows, and as an activity that could strengthen farmers’
organizations.

The Irrigation Department should hold regular monthly meetings with its
&M staff and discuss ways to improve irrigation system performance.

Performance Monitoring ad. Evaluation of Personnel

In almost every govermment department, the performance OF personnel is
evaluated annually iIn terms of the conditions laid dowm In the Administrative
Regulations. The normal practice, however, is to grant annual salary increments
to an officer if he has not committed a serious offence. This allows the
officers to do the minimum and still get their annual increments. on the other
hand 1If an officer works hard or has a high level of commitment, he cannot get

any formal reward other than the usual annual iIncrement granted to others whose
actual performance is minimal.

Therefore, performance monitoring and evaluation of personnel is a strange
idea In the Sri Lankan context. Even promotions are granted on seniority and
in many cases are based on examinations and not on the commitment or work
performance of the officer. Though commendations and recommendations by higher

level officers are important, they are perceived as personally biased and are
not an encouragement for better performance.

The performance monitoring of personnel can be done based on the task
expectations In the job descriptions issued to employees. If we take the job
descriptions proposed by the water management consultants in the operation and
maintenance manual for Kirindi oya, the o staff is supposed to prepare and
submit various reports, collect field data, and attend to specific operational
functions as and when required by the Department. In addition they are supposed
to attend project level and farmer level meetings and attend to complaints made
by farmers in the complaints books kept at unit offices. Therefore immediate
supervisors can prepare evaluation reports on staff performance on a monthly
basis to use In their annual evaluations. The monthly reports can be kept iIn
the personnel file of the particular employee.

Though the employees can be evaluated based on their performance as per
the job description, it is very difficult to recognize and reward them for good
performance in the present context. aAs we have pointed out earlier, a revision
of present administrative and financial regulations is required for granting
monetary recognition of better performance. In the case of middle and field
level officers, the most effective incentive IS monetary recognition, since they
are poorly paid In comparison with their task expectations. Therefore we
suggest paying the field staff an additional allowance based on performance.

_Irrigators now hired on a temporary basis should be extended based on
thelr performance as evaluated at the end of every season by a board comprising
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of technical assistants, work supervisors, and ¢&M engineers, chaired by the
senior irrigation engineer. In the case of irrigation engineers engaged in
operation and maintenance, the Department should arrange valued oversees
training on 0&M both as an incentive and for further improvement of skills.

PATTERNS OF COMMUNICATION, COOPERATION AND CONFLICT AMONG AGENCIES

In previous reports we had documented conflicts between the Land
Commissioner’s Department and Irrigation Management Division at the project
level. It seriously affected the launching of a successful crop diversification
progran iIn the project. At the same time we observed a general lack of
effective cooperation among the Irrigation Department, lrrigation Management
Division, and the Agriculture Department.

But recent developments In the project show much greater cooperation,
communication and collaboration among key management agencies. All the agencies
were actively involved in planning the crop diversification progran for the yala
1990 season. The new project manager (settlement)who IS responsible for the
overall coordination of this comittee has been able to bring the agencies
together and they mesh very well for this purpose.

Improved cooperative and collaborative attempts to realize project goals
and objectives could be seen in other committees as well. Even the project
coordinating committee sShows improvement by iIts attempts to solve various
problems,  Recent examples include the efforts of the new project managesr
(settlement) to solve encroachment problems, and the implementation of a land
survey in the new areas to settle land questions.

The project manager (settlement),chief resident engineer and other line
agency officials attend meetings organized with farmers by the project manager
(IrrigationManagement Division) In the new area and extend theilr cooperation
to Division activities. The change of attitude of field level officers to the
Irrigation Management Division iIs also noteworthy. The field level officers
attend Division meetings more regularly and the chief resident engineer also
recently attended a project committee meeting to discuss irrigation problems
with farmer representatives. \We believe that this cooperative attitude will
continue and would enhance the project committee’s capacity to handle
agricultural plan implementation in the new areas independently when the lower
level field channel groups and distributary organizations are strengthened.

While the trends iIn the new area of the project show some Improvement in
collaborative and cooperative attempts to realize project goals and objectives,
a different trend is observed in the old area. The farmer representatives in
the old area as well as the project manager (lrrigationManagement Division) for
the area feel that the Ellegala system is independent and autonomous from the
new project and that i1t should have priority water rights In both yala and maha
seasons for rice cultivation. They prefer that their way of life should remain
undisturbed by the various activities and prograns in the new area. In
chapter 2, we have discussed the serious problem of allocation of water among
the subsystems.
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Some officials suggest hat the priority issue arises tecause the project
committees have peen established on the tasis of "0ld” and "new" areas of the
project, and therefore the project managers have a natural tendency to become
spokeamen for the farmers in their respective areas.

. ‘ el S 3, One solution suggested by
some Irrigation Department officials is to reorganize the Irrigation Management
Division activities based on the banks of the Kirindi River and not

M = _ n dn
“new*“systems In order for the two project managers to e responS|B'ie r biﬁi’ﬁ
types of systems (Weerawila,Pannegamuwa and Badagiriya tanks are located in the

right bank of Kirindi Oya while Tissa, Ycda and pebara tanks are in the left
bank) .

However, this proposal contradicts the basic organizational principles of
the Irrigation Management Division committee Structure which advocates the
establishment of committees based on hydrological boundaries. Field channel and
distributary organizations as well as project committees have been formed on
this basis., Though the Weerawila and Pannegamuwa tanks are located on the right
bank of Kirindi Oya geographically, they have no hydrological relationship with
the right bank main canal system . Weerawila and Fannegama tanks as well as
Ycda, Debara, and Tissa tanks on the left bank of Kirindi Oya are supplied with
water from Ellegala Anicut which is linked to the left bank main canal by a
feeder canal. The Ellegala system consisting of these five tanks iIs a separate
hydrological unit depending on the Lunugamvshera reservoir. In addition, at
present the o&M and Financial responsibilities of the Ellegala and Badagiriya
systems lie with the Irrigation engineer (Tissamaharama) who IS directly under
the range deputy director of irrigation In Hambantota.

Further, this proposal does not take account of the human aspects of
organizations. The two communities iIn question have great differences iIn
interests, problems, and needs. Ellegala farmers are an established community
with certain rorms and practices regarding irrigation water. They attend to
canal cleaning and related work without much influence from outside. Their
problems are associated with sharecropping and rehabilitation, while the
settlers In the new area have many problems such as encroachments, lack of
credit and other inputs, lack of participation for canal cleaning without some
outside influence, lack of solidarity and sense of conmunity, and lack of water.
Therefore the project managers have to prepare training programs and committees
based on these field problems. It is easier to deal with organizations based
on the system structure, i.z., Ellegala, right bank, and left bank. If the
proiect were divided following the Irrigation Department officers’tﬁroposal , It
woulld overburden the project managsrs with coordination work. Both would have
to interact with agency officials in both systems and would have to include the
officers of both iIn their project committess, This would create many
difficulties 1IN organizational activities.

Therefore, we do not see any rationality behind the proposal to divide the
project. Into two areas based on banks as far as the Ellegala system is

concerned ., Badagiriya heeds a ssparate treatment. Even iIn the case of

Y, But since these tanks get drainage water from the right bank, this

proposal May be the Department’s way of achieving its objective of reallocating
priorities.
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"administered” rigidly, should be perceived as "fair"”, and must have high level
political support. Much negotiation would be required to come to an acceptable
definition of "fair" given the serious conflicting views at present.

Within each of the subsystems, as recommended above, there would be a
project management committee at the apex of a structure of Tarmers®
organizations, to decide on the policies for each season given the allocation
for that subsystem. At this level there would be flexible, responsive,
participatory "entrepreneurial’ management of the system.

Therefore, for overall project management, we recommend that the
Government of Sri Lanka appoint a senior person as '‘resident project director™
at the rank of an additional government agent. This person would be responsible
for overseeing the establishment of decision rules for water allocations among
the subsystems iIn future, setting up the mechanism for making and implementing
these decisions, developing plans for achieving the long term objectives of the
Kirindi Oya project, and insuring the effective cooperation ameng the supporting
departments and agencies for their full contributions to planning and plan
implementation. In order to be effective, the resident project manager must
have full political and administrative support. The position of resident
project director need not be permanent: we recommend phasing out the position
after four to five years, when the project policies should e stabilized.

We also recommend that the Government establish a "water al location panel™
consisting of high-level representatives of the concerned government departments
and political iInterests. This panel, modeled after the tahaweli Water
Management Panel, would be responsible for validating and legitimizing major
water allocation decision rules, and the implementation of the agreed water
allocation policies each season. Reaching agreement among the various interests
will be a political process supported by technical data and advice on possible
scenarios. Political supportwill be required subsequently to institutionalize
and implement the agreed policies.

Under this structure, then, two contrasting management principles will be
explicitly recognized. At the highest level, there will be strict adherence to
administrative rules agreed upon as being fair to all gartiss given the water
resource constraints. At the subsystem levels, there would be flexible
management In response to fanners®™ needs, with a high degree of farmer
participation through the project management, distributary, and field channel
committees.

WATER USERS® GROUPS

The fourth research question identified in the Inception Report iIs a
series of questions relating to the program to form water users® groups at field
channel and above. We have discussed iIn detail the field channel groups and
distributary organizations under the section on the organizational structure of
the Irrigation Management Division at project level when answering the first
research question. Our three previous reports also focussed much attention on
this aspect.
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Within each of the subsystems, as recommended above, there would be a
project management committee at the apex of a structure of Tfanners”
organieations, to decide on the policies for each season given the allocation
for that subsystem. At this level there would be flexible, responsive,
participatory "entrepreneurial" management of the system.

Therefore, for owverall project management, we recommend that the
Government of Sri Lanka appolnt a senior person as '‘'resident project director"
at the rank of an additional govermment agent. This person would be responsible
for overseeing the establishment of decision rules for water allocations among
the subsystems In future, setting up the mechanism for making and implementing
these decisions, developing plans for achieving the long term objectives of the
Kirindi Oya project, and insuring the effective cooperation among the supporting
departments and agencies for their full contributions to planning and plan
implementation. In order to be effective, the resident project manager must
have full political and administrative support. The position of resident
project director need not be permanent: we recommend phasing out the position
after four to five years, when the project policies should be stabilized.

We also recommend that the Government establish a "water al location panel”
consisting of high-level representatives of the concerned government departments
and political iInterests. This panel, modeled after the Mahaweli Water
Management Panel, would be responsible for validating and legitimizing major
water allocation decision rules, and the implementation of the agreed watar
allocation policies each season. Reaching agreement =mcng the various interests
will be a political process supported by technical data and advice on possible
scenarios. Political support will be required subsequently to institutionalize
and implement the agreed policies.

Under this structure, then, two contrasting management principles will be
explicitly recognized. At the highest level, there will be strict adherence to
administrative rules agreed upon as being fair to all parties given the water
resource constraints. At the subsystem levels, there would be flexible
management In response to farmers’ needs, with a high degree of farmer

participation through the project management, distributary, and field channel
committees.

WATER USERS' GROUPS

The fourth research question identified In the Inception Report is a
series of questions relating to the program to form water users™ groups at field
channel and above. We have discussed iIn detail the field channel groups and
distributary organizations under the section on the organizational structure of
the Irrigation Management Division at project level when answering the first

research question. ¢Our three previous reports also focussed much attention on
this aspect.

There have been attempts to form water users® group since the commencement
of the first agricultural season iIn the project. The Kirindi Oya irrigation
system, with its design for rotational water issues within field channels,
demands such groups for efficient water management. In spite of these attempts
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we find that both the field channel groups and the distributary organizations
are still weak, Ineffective and not valued by theilr members. We suggested iIn
earlier reports that this is mainly due to the problems associated with the
strategies adopted by the Irrigation Management Division at the beginning, as
well as the serious settlement problems experienced by the farmers at the
initial stages of the project, development.,

As we have already pointed out In our previous reports, the lrrigation
Management Division®s initial approach to farmers® organizations in Kirindi Gya
had been from the "top and not the bottom," i.e.,, the distributary level had
been organized without. adequate attention to the foundation at the field channel
level. This could have been avoided iIf the Division had taken the initiative
to send institutional organizers to the project as soon as the project managers
were appointed. However, the project manager had to try to organize farmers
without adequate financial. resources, and had no other alternative but to
approach members through developing a distributary (or rather hamlet)
organization. As a result the objectives of the progran could not be explained
clearly to farmers and farmer leaders.

Though institutional organizers were appointed later, they left to take
up permanent appointments as teachers after a period of one year. Their short
stay iIn the project left no significant imprint on the farming conmunity. The
majority Of Institutional organizers lacked the commitment to work with farmer
groups and were highly pessimistic of any possible change in the ideology of
peasantry, whom they viewed as a "corrupted lot"”, i.e., people who are unable
and unwilling to adopt "modern™ ideas. The patterm of losing iInstitutional
organizers before the end of thelr two year contract iIs a major problem even in
the other projects under iNMAS and cannot be avoided without a change in
recruitment policy. Thelr pessimism about a possible change in the community
raises fundamental questions about the past recruitment of iInstitutional
organizers, which we are unable to answer. However, more recent recruits are
GCE A Level-educated, not university graduates, and are from the community, not
outside. Their initial work is discussed iIn chapter 7.

The Irrigation Management Division has thus not yet been able to bring
about necessary changes in the farm community to work with other farmers and
farmer groups as required by the IMMAS program. Instead, the way the program
wes Introduced has tended to promote dependency thinking iIn the Tarming
community. For Instance, the project manager (lrrigationManagement Division)
tried to solve irrigation problems of the farmers through creating distributary
organizations and the project committee. These problems were channeled to the
organization by one or two leading farmer representatives. The problems
identified were actually those which needed the direct involvement of the
Irrigation Department, i.e., things to be done by outside agents. Those
problems were directed to the relevant organizations by farmer representatives
or by the project manager himself.

There were no activities to encourage farmers to do things by themselves.
Though the distributary organizations have been successful in solving irrigation
problems and various other community problems this way, the farmer community
does not have a high regard for the organization which has contributed so much
to solving theilr problems. Thelr view is that 1t iIs the responsibility of the
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farmer leaders and distributary organizations to solve their problems without
their involvement in the organizational activities. In other words, farmers

seem to view the organizationz not as farmers® organizations, but as extensions
of the government.

In addition, the Tarmers™ perception of the program is that the
distributary organizations and project committee should take action to solve all
the problems oOF the community, such as poverty alleviation, providing free
rations, and other issues not related to water. This kind of dependency is not
strange iIn the Kirindi oya farmer conmunity because they have been depending too
long on the aid of various agencies even for subsistence. The farmer
representatives and distributary leaders who did not have training for guiding
people to achieve the objectives of the progran tended to play the role of
patrons, further encouraging the farmers to depend on them.

The Tasks and Functions of Farmers®™ Organizations

There are said to be 306 Tield channel groups and 19 distributary
organizations established iIn the new areas of the Kirindi ¢ya scheme. They have
been formed from the "top and not the bottom™ as described above. Some of these
organizations, especially those In tract 5, are defunct, though some
distributary leaders attend project committee meetings and discuss various
problems of the conmunity with the field level officers representing the line
agencies concerned.

The major function of the farmers organizations at present is irrigation
problem solving through the involvement of the Irrigation Department. In
addition they act as pressure groups iIn the decision-making process for
cultivation seasons. However, their involvement In water distribution and
maintenance work at field channel level is very unsatisfactory. The on-farm
water management practices adopted by farmers results iIn wastage of water and
inequity iIn water distribution. The rotational issues could not be practiced
in any of the seasons observed. The fanners®™ behavior reflects a highly
individualistic patterm and an absence of a sense of community.

Task expectations of farmer organizations by farmers ad officials . 'The
task expectations of the water users®™ groups by fanners are mainly problem
solving by the leading men of thelr organizations. In their view the farmer
leaders shouldwork to solve their problems. They should distribute water among
the farmers under field channels and organize canal cleaning activities. In
this respect they attribute the traditional role of vel vidane (water headmen)
to the fammer leaders. The "failure” of the leaders to Tulfill these
expectations leads to serious criticisn of them by farmers. All the seven
farmer representatives in tK2 are waiting to resign because of this attitude of
farmers, and their Hlack of cooperation for canal cleaning and water
distribution. Though farmers are well aware that they have to clean and
maintain field channels, their work In this respect is limited to cutting weeds
and excludes de=zilting and minor repairs to canal bunds and structures under the
field channel.

The officers of the Irrigation Department expect farmer organizations to
clean and maintain field channels, adhere to the cultivation calendar, inform
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them of 1rrigation difficulties and problems associated with irrigation water,
and distribute water equally within field channels. From their point of view
the organizations have so far failed to attend to these functions, especially
to distribute water equally. Their contributions to @& of the system are also
not satisfactory. However, the organizations have been effective in channeling
irrigation difficulties to the Department from the engineers’ point of view.

The Irrigation Management Division has high expectations OF the
organizations. It expects farmers to handle c&M activities at the field channel
level at present, and take responsibility at the distributary level iIn the
immediate future, and participate actively iIn planning and implementation of
agricultural programs in the project. However, farmers, farmer lenders, as well
as the officers of the other govermment departments view the organizations as
still oo weak to carry out many OF these functions. Since the farmer groups
are still not In a position to attend to o# work under field channels

independently, handing over additional responsibilities would create many more
problems In their view.

Are the Resources Adequate to Achieve the Objectives?

As we have emphasized in our previous reports, the problem of promoting
farmer organizations is seen as peripheral to the overall project objectives,
and as something only the Irrigation Management Division is responsible for --

as a marginal agency without powver and authority dealing with a peripheral
problem. In Kirindi Oya the organizational activities rest on the project
manager who had neither office nor staff at the initial stage. The
institutional organizers were sent some two years later to assist him. They
left after one year. The progran still suffers from lack of resourceful
personnel to organize farmer groups in an effective way. Instead of appointing
graduates without any organizational skills, action should have been taken to
try alternatives such as using officers iIn the government service with such
talents and skills, on secondment to the Division, or using less-sducated
personnel such as Agriculture Diploma holders or even, as now being tried, A~
Level people. Lack of financial resources to hire more qualified personnel by
offering better salaries has been mentioned as an Important constraint.

It is also evident that the financial resources invested for the promotion
of farmer organizations is inadequate. The funds allocated to train farmers and
farmer leaders In this year suffice only to train a very insignificant number
of them. The entire amount allocated for training is less than Rs 75,00G/-,
i.e. under US$ 2,000., for 1989 in the new area of the project. In addition
the training program suffers due to lack of resource persons to conduct them.
This also i1llustrates the position of the IrrigationManagement Division without

sufficient financial. resources to hire experienced personnel to conduct such
training programs.

Conclusions and Recommendations On Farmers” Organizations

Many of the Impediments to organizing effective fanners” organizations are
beyond the control of local project officials. The security situation is one

obvious example. Another is the continuing lack of a legal framework for
legitimizing farmers” organizations for irrigation management. This section
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focuses on things we think are actionable by the IrrigationManagement Division
and other agencies involved iIn Kirindi Oya.

1.

It was evident from our interviews with fanners and fanner representatives
that they are not aware OF the objectives of the program and their
responsibilities towards 1t. Therefore, the Irrigation Management
Division needs to Field effective institutional organizers and guide them
to work with farmers to explain the objectives of the program. By
December 1989 some A-Level people had been recruited and were under
training In Polonnaruwea, though we question whether two weeks” training
is sufficient. The Division must monitor their performance closely and
guide them to establish rapport with fanners and organize TfTarmers
effectively. As discussed In chapter 7, these organizers were not very
effective in the first.half of 1990.

The institutional organizers should guide farmers to solve the problems
within field channels with community participation instead of directing
even minor difficulties to the Irrigation Department. Field channel
cleaning and maintenance activities should be encouraged on a group basis
instead of the present practice of individuals doing assigned sections as
and when they prefer. This would encourage them to participate in group
work and contribute to developing solidarity.

The Irrigation Management Division should avoid the present practice of
problem solving by becoming directly involved with the Irrigation
Department and other line agencies. Instead, the members of the field
channel groups should be encouraged to discuss their problems and develop
solutions themselves. Only serious problems needing the attention of
higher level officers should be taken to the distributary organizations.
The line agency officials should be encouraged to participate at those
meetings to discuss these problems and assist farmers iIn  finding
solutions. The farmer representatives in tum should be encouraged to
inform the other farmers about the decisions taken at distributary
organization meetings.

Related to the previous point, project managers Of the Irrigation
Management Division must be encouraged to stop acting as the farmers’
spokesmen. We have documented in previous reports the perception of other
officers that fanners need not be invited to some committee meetings as
the project manager could speak for them. This perception has been
encouraged to some degree by project managers, since it is the only source
they have for claiming any authority iIn the absence of control over
budgetary or other resources, This tends to continue the dependency
syndrome characteristic of Sri fankan settlement schemes.

The farmer representatives are not entitled to claim any payments for the
work they do for the community. It IS therefore necessary to encourage
the farming community to consider whether some compensation ought to be
offered. Perhaps appointing them under the Agrarian Services Act would
provide some incentive, since they would then he entitled. to compensation
from farmers.
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6. The farmer leaders should be encouraged to study various alternative
methods for water distribution within field channels during the land
preparation period and to find solutions to problems by discussing them
with group members. They should be trained in on-farm water management
practices and informed on the practical implications oF the design of the
irrigation system and the necessity for rotational issues. Other farmers
should alse be trained on these aspects eventually.

7. The Irrigation Management Division project managers should encourage the
institutional. organizers to organize famer groups independently, i.e.,
without the direct intervention Of the project manager; and he should
focus more on the supervision and performance evaluation of institutional
organizers. Weekly meetings with institutional organizers, and periodic

in-service training to understand their problems and provide guidance
would help.

8. The Irrigation Management Division should provide sufficient financial
assistance and experienced personnel to strengthen the training program
at the project level. The training progran needs to be prepared in

consultation with project managers In order to address field level
problems specific to the project.

9. Irrigation Management Division officials fron head office need to
supervise and evaluate the performance of the project managers by holding
regular meeting with them in the field.

10 The Irrigation Management Division should proceed very slowly with the
handing over of responsibilities for distributary management to farmers®
groups until they exhibit the management capacity to manage the system
below the field channel turmout. Handing over these responsibilities
prematurely would further discourage the farmers and farmer groups. An
intermediate step might be to implement the proposed participatory
performance monitoring system (LBI 1989: chapter 4; see above).

COOPERATION AND COMMUNICATION AMONG AGENCIES AND FARMER GROUPS

In previous reports, we have documented a pattern of resistance to the
Irrigation Management Division-formed farmer groups among some officials, and
resistance to farmer representativesparticipating in project level committees.
However, i th the appointment of a new project manger to handle settlement- and
land-related activities, the situation shows a change for the better. Cur
recent, observations substantiate that there iIs a more cooperative attitude
towards farmers® organizations by the major agencies involved i.nthe project.
There is a genuine attempt by the Land Commissioner®s and Irrigation Departments
to solve famers” problems In consultationwith farmer representatives attending
the subcommittee OF project coordinating committee.

However, the fanner organizations are still weak. One of the main
problems document=d IS the existence of a vast communication gap between the
farmers and farmer representatives as well as between the officers and farmers.
The reasons for this iInclude the lack of participation at distributary
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organization meetings by the field level officers, and the lack of initiative
by farmers to hold regular field channel group meetings.

Previously, the lack of participation by some officials at distributary
organization meetings was mainly due to conflicts that some line agencies had
with the Irrigation Management Division. This problem has been resolved now.
Rut in many cases the field level officers still do not participate at these
meetings because they do not receive regular invitations indicating the date and
time of meetings, and agenda. We recommend that the Irrigation Management
Division should take the initiative to guide distributary leaders to Invite the
field level officers to such meetings through the heads of agencies. This is
vital to build up a cooperative attitude, conmunication and mutual trust between
the Ffarmer groups and officials.

In addition we have recommended above that the responsibilities OF the
line agency officials to the program for promoting Tarmer organizations be
written into their job descriptions, and payment of some allowances be made for
their active yparticipation In the program. We further recommend that project
level higher officers and field level officers of line agencies be given some
training In order to assist them to adjust to the requirements of the program
as this work iInvolves a considerable bureaucratic reorientation, which does not
happen automatically. Finally, we recommend that field channel groups be
encouraged to hold regular meetings to reduce the commmicntion gap “between
farmers and farmer representatives.

Beyond these points, a fundamental weakness remains in the overall project
management structure. This Is that there is no overall authority with a mandate
to achieve the overall. long-term objectives of the project, in terms of balanced
socio-economic development, and supporting the development of an implementable
and profitable cropping pattern. Officials of each department focus on
achieving the objectives defined for that department, which may or may not
completely support the longer term objectives. A  more integrated,
authoritative, politically supported management structure is required.

We have therefore strongly recommended above the appointment of a senior
overall "Resident Project Director” (the term "manager" iIs already over-used in
Kirindi Oys) with full authority to insure the integration of each department”s
contribution to the overall objectives. This Director should have budgetary
authority over line department heads in the project area. He would also
administer the water allocation rules, and chair the water allocation panel
meetings recommended above.
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Figure 3.01. The proposed organizational structure for O & M organization
in Kirindi Oya
CIE (KOISP)
RB system Headworks Ellegala LB system ||Hydrology Monitoring
reservoir system division and evaluation
Badagiriya|] 1& Wewas
|
TE{O&M) - IE(0&M) TE(Q&M) TE(O8M) | E(O&M)
TAs TAs TAs TAs TAs TAs
| 1
WSS WSs WSs WSs Recorders WSS
|
TOAs TOAs TOAs System Computer
Programers Operators

Kev to abbreviations
CIE is chief irrigation engineer
KOISP is kirindi Oya Irrigation and Settlement Project

E is irrigation engineer
RB and LB are right bank and left bank,
TA is technical

WS is work supervisor
TOA is turnout attendant (irrigator)

assistant

respectively



CHAPTER IV

DESIGN-MANAGEMENT INTERACTIONS

he

Research conducted in many parts of the world reveals that there is a gap
between the levels of potential and actual performance of iIrrigation projects.
This gap can be attributed to various physical, social, institutional ad
managerial factors. One important factor is the inadequate attention being paid
in planning and design of irrigation infrastructure to ensure a high degree of
conformity between the design and actual operation. It is often evident that
the dssign of the physical system =amsodies a set of fundamental operational and
institutional assumptions, upon which the degree of success and quality of
operation depend. In most instances, there is a high degree of interdependency
between the technical, operational and institutional assumptions and
requirements. In some cases, the technical and operational assumptions are
eilther not realistic or difficult to realize within the institutional environment
under which the irrigation system operates. Therefore, In a new irrigation
settlement project like Xirindi Cya it IS useful 1o review the design-management
interactions within the institutional environment.

Research Questions

As outlined in the Inception Report (1IMI 1938a:15), this research
component assesses and compares potential and actual performance, menagement.
options, andorganizational requirementser the Fieldchannel and turnout designs
and suggests altemative water distributionmethods that will improve performance
and manageability.

With these broad objectives In mind, the research on dssign-management
interactions was guided by the five research questions listed In the Inception

Report (1IMI 1933a:15), Those research questions are summarized here for easy
reference.

1. What were the operational and institutional assumptions made in designing
the turmouts and field channels?

2. What are the feasible options for water distribution among fanners? What
iIs the flexibility in operation that fanners can utilize particularly when
there is a mix of rice and other diversified crops under the turnout?

3. What are the levels of cooperation among farmers and types of organizations
of farmers required for operating the rotations and sharing water under
different conditions of resource availability --when water supply is

adequate, and when there is shortage of water supply compared to the
demand?

4, What is the impact OfF the field channel and tumout design and operation
on the operation of the distributary canal? How frequently does the flow
vary In the distributary and field canals?



74

5. What are altermative water distribution methods and practices that can
lead to improved performance at the tertiary level iIn terms of equity of
water distribution and water use efficiency? What are the management
implications of adopting them?

Objectives of Irrigation-SettlementProjects

The choice of the basic elements of design and the size and scale of the
project components are largely determined by the basic objectives of the project.
The size and scale of the basic physical project components emerge from a complex
interaction of the objectives of the project along with physical factors such
as hydrology, topography and climate, and social, economic, and agronomic
considerations.

The objectives of a typical irrigation settlement project can be viewed
from different perspectives: the levels of farmers, agency personnel operating
the system, and the nation. The objectives at these different levels show
differences In iInterests and some degree of incompatibility among objectives.
It 1s the planner’s responsibility to blend these differences iIn interests and
objectives at different levels in order to have an optimal choice of design
elements.

At the national level, the objectives are to increase the food and Fibre
production, provide land and shelter for a maximun number of poor landless
families, generate employment, and achieve self sufficiency. At this level the
investment for a settlement project is partially an economic venture which brings
economic returns to the national incore In the long term. This objective
interacts with the available resources of land and water to determine the area
1o be developed for a pre-determined cropping pattermn which enable the settlement
of the maximum possible number of landless families.

The objectives of the agency responsible for the operation of the system
narrov dowmn from the national objectives to a concern with allocating the
available seasonal quantum of water among the maximum possible famers in
compliance with the hasic water allocation and distribution scenarios as agreed
with the farmers at the cultivation meeting and in conformity to the design and
operational rules adopted by the agency. Implicit within this objective, the
agency 1is concermed with providing reliable and equitable supply of water with
simplicity of operation. These concerns with the interactions of institutional
factors have given rise to the choice of the size of tumout area, field canal,
capacity, size of farm turnout, etc.

The objectives of each individual farmer are somewhat In conflict with
the objectives at the other levels. The individual farmer is concerned with
the production of enough food for his subsistence and to maximize his income in
the short run while trying to upgrade his quality and standard of living in the
long run. Ideally the individual farmer prefers the most profitable crops that
it into his capability, with erther a continuous delivery of water or a delivery
on demand. This is a major area of conflict in objectives at his level with the
other two levels. In particular the preferences of each individual farmer are
not necessarily Inharmony with the betterment of the entire fanning community,
Therefore this influences the choice of water distribution which has to ensure
an equitable supply to the farming community at large.
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Kirindi Oya Project: Background

The Kirindi Oya Irrigation and Settlement Project can basically be
characterized by 1) the existence of an old irrigation settlement before the
new reservoir project was commissionsd, and 2) the limited availability of water
for double cropping in the newly developed command area. These two basic
characteristics have influenced the selection of cropping patterns, and
apportionment OF priority for water in the planning of the project. Though the
irrigation system has been designed to cater for rice Irrigation in both yala
and maha seasons, the seasonal operation of the system iIs confronted with two

basic challenges in order to conform with the basic project objectives. These
are:

1. selection and implementation of an appropriate cropping pattem to make
use of the limited supply of water to best achieve the objective of the
project; and

2. selection of appropriate operational scenarios which do not jeopardize
the water rights of the old system settlers and the equitable benefits to
the new settlers, while achieving reliability and adequacy of water
supply.

The second Appraisal Regort prepared for the project (ADB:1982) envisaged
a 200 percent cropping intensitywith a mixture of rice and non-rice crops. The
third Appraisal Report prepared for Phase II (ADB: 1986) envisaged through a
simulation study a 170 percent cropping Intensity (100percent iNn maha and 70
percent on an average during yala) with a mixture of rice and other field crops.
More recently, the water management consultants have proposed as the “most
feasible* scenario a mixture of rice and other field crops on lowland areas, and
irrigated and rainfed crops on upland areas (Water Management Consultants 1987:
volume 1) .

The Irrigation Department recently proposed a “cluster system’ for
allocation of water. In this proposal water i1s to be issued first to head-end
tracts of the new area and the drainage water coming from the new tracts has to
be utilized to fill the tanks of the old Ellegala system, to enable the old
settlers to make the best use of drainage water from upper areas of the new
system. This, on paper, appears to be a feasible and appropriate strategy in
order to ensure the overall water use efficiency of the water-short Kirindi Oya
system. However, the old settlers collectively resisted the proposal and
rejected it on the grounds that the new proposal would jeopardize their
traditional water use rights.

The degree of success in canal operation depends upon the reliability,
adequacy and equity of water supply. Examining these parameters involves many
issues which can be broadly divided into two categories: technical and non-
technical. The technical i1ssues address the basic design assumptions made at
planning and designing of the project as well as the subsequent operation of
the system. The non-technical issues embrace the operational, institutional
and organizational assumptions and procedures which are complementary to the
technical issues.
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The treatment of design-managemsnt Interactions iIn Kirindi oya should
address one fundamental question: whether the irrigation systemdesign has enough
capability to meet the crop water requirements at the farm level with a reliable,
adequate and equitable supply. This is considered the number one requirement
that must be satisfied to certify that the irrigation system is capable of
functioning satisfactorily. If not, one can iInvestigate the technical reasons
why such a conformity between the design and operational capacity does not exist.
IT the system is capable of delivering the supplies as planned or designed, ad
in actual practice this does not happen, then one can look into the operational
procedures and organizational structures and their implications to identify the
constraints, and possible improvements necessaryto close the gap between actual
and iIntended performance.

PROCEDURES FOR ESTIMATION OF WATER DEMAND

Technical Note no. 6 of the Irrigation Department (lrrigationDepartment
1981) describes the procedures to be adopted In determining the crop water
requirements for rice and subsidiary food crops. The basic elements of the
computational procedures and the assumed parameters are presented below.

1. The evapotranspiration (ET) of the reference crop is computed by the
Modified Penman’s method for the climatic variables at Mahailluppal lama.
This is considered to be representative for projects in the dry zone ad
intermediate zones of Sri Lanka. The 75 percent exceedence probability
evapotranspiration values at Mahailluppallama are recommended and adopted
for the design. These reference =T values are compared with the values
computed by modified Penman’s method on the basis of meteorological data
from Hambantota and pan evaporation observations at Tissamaharama. The
75 percent probabi lity evapotranspirationvalues at Angunukolapellessa are
used for the preparation of water delivery schedules of the Irrigation
Department. The pan-evaporation data at Weerawila monitored by 1IMI, is
provided in Table 4.01.

A summary of the seasonal total reference crop evapotranspiration deducted from
Table 4.01 is as follows:

Reference crop ET (mm)

Maha Season Yala season
Mahai I luppal lama 786 1060
Hambantota, 1033 1083
Angunukolapel lessa 856 982
Wearawila(tract 5) 905 1252

This table indicates that the crop water requirements during any typical
yala season can be higher than the assumed values by 27 percent for the
operational schedules, implying the importance of monitoring climatic variables
in the project area.
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Table 4.01. Comparison of monthly reference crop ET values at

Mahailluppallama, Hambantota and Weerawila¥
{* project area right bank tract 5)

-—— [ —_— — it s

Maha season (Oct ~ March) Yala season (April - August)

Month Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep.
M. Tlluppallama

T 157 109 117 119 127 157 150 162 175 190 193 190

mm/day 5.1 3.6 3.8 3.8 4.8 5.1 5.0 5.2 58 6.1 6.2 6.3
Hambantota *

mn 173 154 150 177 180 200 183 183 174 185 181 177

mm/day 5.5 5.1 4.8 5.7 6.4 6.4 6.1 5.2 5.8 5.9 6.2 5.9
Angunukolapellesa b

mm 149 103 116 149 155 184 149 160 155 175 165 178
mm/day 4.8 3.4 3.8 4.8 5.5 5.9 5.0 5.2 52 5.6 53 5.9

Woerawila ©
mm 216 165 161 93 134 136 168 201 234 186 229 234
mm/day 6.0 55 52 3.0 4.8 4.4 5.6 6.5 78 6.0 7.4 7.5

a. Based on the meteorological data at Harbantota and pan evapration
observation at Tisszamaharama for a time series of 26 years.

b. Based on the meteorological data at Angunukolapellessa agriculture
research station.

C. Based on pan—evaporation observations in right bank Tract 5 by
1IMI for one year.
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The growth of the crop from sowing to maturity is considered in four
stages, namely initial (sowing and seedling growth), development
(vegetativegrowvth), mid (reproductivegrowth) and late (ripening).
The evapotranspiration of the crop differs for each crop growth
stage and this difference is accounted for by multiplying the
reference crop ET by a crop factor (Ke) for each growth stage. The
growth stages and their respective ¥z values for the crops commen
IN Sri Lanks are shown in Annex 4.01.

The irrigation requirement is the amount of water to be delivered
to the farm for land prepration and crop growth, when the effective
rainfall is insufficient to meet such requirements.

The amount of water and the numter of applications required for land
soaking and land tillage (landpreparation) which typically includes
first ploughing, s=scond ploughing and puddling vary considerably
with the type of soils. For rice in the clay or heavwy soils
generally encountered in the lowvland forms (LHG soils), the design
procedure recommends two applications of water: first application
of 100 mm in 5 days (2.31 I/s per ha) for land soaking and 75 mm N
10 days (0.87 1/s per ha) for land tillage, totalling 175 mm spread
out over 15 days (1.35 I/s per ha). When transplanting is done
instead of broadcasting it i1s further recommended that the land
tillage requirement may be provided In two applications of 45 mm for
lanrd tillage and 30 mm prior t transplanting, These
recommendations implicitly assume a land preparation pericd ofF 2
weeks for a typical farm allotment, which allows 5 days for land
soaking and 10 days for land tillage. However, when rice 1is
cultivated on upland soils consisting of well-drained Reddish Brown
Earth (RBE), the corresponding land soaking and land tillage
requirements are obviously high. The design procedures for the
estimation of 1irrigation requirements do not recommend any
corresponding values for REE soils.

The Operation and Maintenance tanual {C& Manual) prepared by the
Water Management Consultants (1989) recommends that 50 mm  iS
sufficient for land soaking if the land soaking is performed in a
week. This would mean a requirement of 7 mm/day (0.8L1l/s per ha).

It also recomends that puddling can be performed with a layer of
approximately 50 mn of water on the field. This would mean a land
tillage requirement of 7 mm/day (0.81 I/s per ha), iIf land
preparation is performed in one week, or 3.5 me/day (0-40 1/s per
ha) If the land preparation IS spread out over two weeks (Water
Management, Consultants; 1989: Section Iv4, pp.22-23).

The values rscommended by the design guidelines and the values
recommended by the water management consultants for the operation
of the system are compared with the observed values in Distributary
Canal 2 (pc2) of Branch Canal No. 2 (BECZ) of right bank tract 5 iIn
yala 1989 season in Table 4.02.
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Table 4.02. Land socaking and land preparation periods, and irrigation
water requirements in Kirindi Oya

Design Operation Qbserved Values
Guideline Guideline DC 2%
Land Soaking
Period (days) 5 7 8
Requirement (mm) 100 50 400
{mm/day) 20 7 50
{1/s per ha) 2.31 .81 5.78
Land Preraration
Period (days) 10 14 30
Requirement {mm) 75 50 430
{mm/day} 7.5 3.5 16.0
(1/s per ha) 0.87 0.40 01.85
Total
Period (days) 15 21 38
Requirement (mm) 175 100 880
(mm/day) 1.7 4.76 23.2
(1/¢ per ha) 01.3%6 0.55 02.68

* These figures indicate the actual water use, not the requirement.

The table shows the large difference between the azsumed land preparation
requirements and the actual water used by a typical farmer in Kirindi ¢ya (in
Cc2 of right bank tract 5). This indicates that what is actually happening In
the field is different from what has been assumed In the design and operation
models. A rough estimate of the amount of water being used by the farmer for
the land soaking and preparation can be computed as follows:

a. Land soaking water (inweek 1)

1 m depth of soil with porosity 35 percent with antecedent moisture content
of 25 percent at the time land soaking begins.

Hence additional water required for completed saturation = 100 mn
Topping up (ponding) water = 100 mm
Seepage and Percolation losses In a week

7 X 10 me/day = 70 mm
Evaporation losses 7 X 5 mm/day = 3HBmm
Total o 305 mm
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b. Land preparation (inweek 2 and 3)

The requirement is only to allow for s&F losses o 140 mm

Thus the total water requirement for land prepration of a typical farm
can be as high as 445 mm spread over a pericd of three weeks.

When non-rice crops are cultivated on RBE soils, land soaking iIs not
separately provided for. The IrrigationDepartment design recommends one
combined application of about 40 mm for land tillage at any pre-determined
time iIn the land preparation period of 15 days. Some ressarch conducted
elsewhere recommends 40 t© 70 mm (Dimantha, S. 1987).

5. The seepage and percolation losses (s&P) are assumed as 3 mm/day fOr maha
and 5 mn/day for yala for lowland farms typically consisting of LHG soils.
When rice is cultivated on upland farms consisting of RBE and intermediate
soils, the corresponding s&P values should ke higher than that of LHG
soils. However, no recommended values are found iIn the design procedures
and guidelines. When non-rice crops are cultivated for the purpose of
computing the irrigationwater requirements at farm level, the land soaking
and preparation activitiesare assuned to commence in staggers. The design
guidelines rscomnend three staggers in such a way that water issues and
fam operations are to be carried out on 1/3 of the command area at any
given time. This means that the cropped area is divided into three equal
staggers with a time lag of two weeks between the cormencament of each
successive stagger.

For the purpose of scheduling irrigation, the cit manual recommends a
somewhat different stagger. It suggests a distribution of 20, 60 and 20
percent of the command area for staggers 1 to 3 respectively with a time
lag of only one week between each successive stagger.

6. Technical note No. 6 recommends the following values to be considered as
effective rainfall (Re) in the estimation of irrigation water requirements
for design purposes.

For rice Re = 0.67 (R-25.4) subject to a maximum value of 225 mm and zero
when actual rainfall (R} is 25 mm or lower.

For non-rice crops Re = 0.67 (R-0.25) subject to a maximum value of 75 mm or
zerowhen R i1s 6 mm or lower.

The actual rainfall to e considered for estimating the effective rainfall
iIs the 75 percent exceedence probability rainfall at the required location.
However, the operation and maintenance manual recommends the adoption of the 70
cercent OF the 80 percent probability of exceedence rainfall as the effective
rainfall iIn the preparation of water delivery schedules and planning water
deliveries.

Based on the 80 percent probability rainfall at Tissamaharama, deduced from
the data from more than 50 years, the two recommendations on effective rainfall
comgare as shown iIn Table 4.03.
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Table 4.03. cComparison OF effective rainfall suggested by design guide
lines and oM Manual

Month Qot. N o ~Dec Jan Feb Mar Apr May Jun Jul aug Sep
Monthly .................................................................
rainfall R(mm) 77 135 66 26 6 24 56 11 4 0 0 0
ER
Design {(mm) 347327 0 0 020 0 0 O 0 0

O8M manual (mm) 54 94 46 18 4 16 35 8 0O O 0 0

Table 4.03 indicates that the effective rainfall estimated by the Water
Management Consultants™ (1989) 08 manual is higher than the design values.
These values are useful In preparing water delivery schedules before any
cultivation season but their practical significance iIn actual operation is
somewhat limited. What iIs more important in real operation is not only the
anount of rainfall, but the temporal and spatial distribution of any rainfall
event. Though effective rainfall is very difficult to estimate In the actual
operation, what is required is for the Irrigation Department to prepars SOME
guide-lines on how the irrigationdeliveries should ke adjusted to take the best
use of rainfall for a given rainfall event. In other words, the Department

should know for how long the irrigation can be temporarily withdramn for a known
rainfall event.

7. The loss from seepage and percolation and evaporation in conveying the
water from the reservoir to the farm is provided for iIn the conveyance
efficiency (Ec) of the distribution system. The values aszsumed In the
design and the values rscommended by the operation and maintenance manual
for irrigation scheduling are provided in Table 4.04. The various
efficiency parameters adopted for the design and the preparation of water
Issue schedules are also indicated in Table 4.04.

The preceding paragraphs describe the data, assumptions and parameters
adopted by two different models to estimate the irrigation water requirements
at farm level as well as at the higher levels of the distribution and conveyance
system. These data and assumptions have iInherent uncertainties and Inaccuracies
to a degree that they can influence the estimated values of irrigation water
requirements at various levels of the irrigation distribution system.

Assuming the First water issue for land soaking commencing from 1 October
and 15 April respectively for typical maha and yala seasons, the peak irrigation

water requirements computed by the two models are as indicated in Tables 4.05
and 4.06.
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Comparison OF efficiency parameters in new area of

Table 4.04.
Kirindi Ova
Design
Guidelines
Application Efficiency
for LHG farms 0.60
for RBE farms 0.55
Conveyance Efficiency
Main Canals 0.65
Branch Canals 0.65
Distributary Canal 0.75
Field Canals 0.80
Overall Irrigation
Efficiency Rice
LB Tract 1, 2 0.65
1B Tract 3,4 0.60
RB Tract 1, 2 0.65
RR Tract 3,4 0.60
RB Tract 5, 6, 7 0.60

e e e s st Y

O&M Remarks
Manual
0.70 0.50 for OFCs
0.70 (08M manual)
0.95 A conveyance
0.95 efficiency of 0.7
0.95 computed 1n pc2 of
0.95 RB Tracts i1n yala
1988 season
OFC
0.50
0.45
0.50
0.45
0.45

Mahs, Yala
RBE LHG RBE
13.8 mm 11.4 mm 13.8 mm
01.50 1/s ha 01.32 1/¢ ha 01.60 1/s ha
19.7 mm 16.3 mm 19.7 mm
02.28 1/s ha 01.88 1/s ha 02.28 1/s ha
21.2 mm 17.5 mm 21.2 mm
02.03 1/s ha 02.45 1/8 ha

02.45 1/s ha

11.4 mm
01.32 1/s ha

16.3 mm
01.88 1/s ha

17.5 mm
02.03 1/s8 ha

i e e e s S bt e



Table 4.06. Daily peak Irrigation water requirements as per design guidelines

Maha Vala
Rice IBE LHG RBE LHG
FIR 3 mm 83 mm 12.6 mm 12.6 mm
B8 /s ha 0.96 l/s ha 1.44 I/ ha 1.43 /s ha
AT FTe 5.0 mm 130 mm 22.6 mm 20.8 mm
74 lls ha 160 Ifs ha 2.26 Ifs ha 24 \fs ha
AT FC head 8.8 mm 17.3 mm 28.0 mm 26.7 mm
.18 1/s ha 200 {/s ha 327 lfs ha 248 ifs ha
Ipland rice 150 day Chilties
FIR 6.8 mm 126 mm
0.78 I/s ha 146 I/s ha
AT FTO 12.4 mm 22.8 mm
143 l/s ha 2.64ls ha
AT FC head 15.6 mm 28.6 mm
1.79 I{s ha 33 /s ha
Ipland rice Soyabeans
FIR 6.8 mm 12.6 mm
0.78 (/s ha 1.45 i/s ha
AT FTO 124 mm 22.8 rnm
1.431{s ha 2.64 I/s ha
AT FC head 156mm 28.6 mm
1.79 Ifs ha 33 i/s ha

[@) FIR = Field Irrigation Requirement
(b) FTO - Farm Turnout
() FC - Field Canal
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DESIGN OF IRRIGATION DISTRIBUTION SYSTEM AND TURNOUT AREAS

Design Canal Duties for Field Channels

The canal duty, which is required to determine the canal capacities, IS
deduced from the computation of the peak irrigation water rsquirement for any
derived cropping patterm. The trial computations Tfor altermative cropping
patterns indicate that the field canal duty is not very sensitive to the selected
cropping pattzrn.  The design duty for a field canal serving 100 percent LG
farms and 100 percent RBE farms are 1.78 I/s per ha and 3.61 1/s per ha
respectively (regardlessof crop). The field canal duty of 3.61 1/s per ha is
derived on the assumption that when upland farms (RBE soils) are cultivated with
a combined cropping pattem of upland rice with non-rice crops, the irrigation
IS restricted to daylight hours, i.=., 12 hours per day. In contrast, the duty
for lowland farms (LAG soils) is arrived at on the assumption of round the clock
(24 hours per day) irrigation.

These design duties have a direct relationship with the design capacity
of a field canal and the size of the tumout area served by 1t. The implicit
assumption underlying the design capacity of a field canal and the size of the
turmout area is that a stream size of about 14-15 I/s (halfa cusec) IS the best
stream size manageable by a typical fammer for a 1 ha allotment. The layout of
farms under a field canal is such that a single farm tumout structure can
typically deliver water to a maximun of 2 farms at a time. The structural design
of the farm tumout does not provide for control arrangements at the farm inlets
to regulate the flow from the field canal to the farms; it is designed for the
delivery of 14 1/s to the farm when it is fully opened and zero delivery when
it is closed by the farmers. Thus, to ensure equity of water delivery, the
design of the field canal is such that it serves only two. This is the rationale
for standardizing the capacity of a typical field canal at 28-30 1/s or one

cusec,

There exist direct relationships anong: 1) the design duties of the field
channel ; 2) the design capacity of a field channel; 3) the size of the turnout
area served by any field canal ; and 4) the proportion OF RBE soils and LHG soils
In that turmout area. It ws earlier mentioned that the design duties of a
typical field canal are 1.78 I/sper ha and 3.61 1/s per ha for LHG and REE soils
respectively. This design duty is rather independent of the cropping pattemn
considered for the deduction of those values. This means, it the above duties
are adopted for the determination of the size of the tumout area served by any
given Tield canal, with due consideration to the respective areas of LHG and RBE
soils In the command, the standard Tfield canal of 28 1/s capacity should
theoretically provide Tflexibility in meeting the peak Iirrigation water
requirements for any cropping pattern adopted by the farmers in that field canal.
This flexibility has been provided in the design by limiting the size of the
tumout areas to a maximum of 18 ha (30/1.78 ha) for 100 percent [HG farms and
8 ha (30/3.61 ha) for 100 percent RBE farms. However it should be noted that
the_duty for RBE soils (3.61 I/s per ha) used for the determination of the
maximum size of the turmout area (8ha) assumed only 12 hours of i1rrigation per
day. This means, If the irrigation is provided round the clock instead of day
light hours, the turnout area serving 100 percent RBE soils can be larger than
this maximum size.
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Table 4.07. Comparison of the design capacities (existing) with the required capacities

of distributaries (Dcs) in Kirindi Oya

DC Area Design Design | Length Sum of
Yischarge Duty of DC Noof F i served FC's
(ha) (i/s) (/s/ha) (m) tandard | lon standard: | Zapacity | um Fc capacitier
(lis)
RB trgct 1
DC2 49 120 24 B50 4 - 113 1.06
Dc3 297 600 20 - 14 7 666 0.0
DC 4 168 480 3.0 3637 13 - 370 1.30
DC & 190 300 1.6 2286 6 6 385 0.78
BB tract 2
DC 1 82 120 15 1172 3 2 158 0.76
DC 2 268 480 18 8242 16 3 574 0.84
Dc3 78 120 15 3492 8 - 226 0.53
Dc4 38 90 24 216 3 - 85 1.06
DC 5 83 120 14 1365 7 1 257 047
DC 6 169 300 18 3880 12 1 377 0.80
Dc7 70 120 1.7 2016 6 1 170 0.71
DCs8 47 120 2.6 82 3 1 115 1.04
DC9 58 120 2.1 1682 7 - 198 0.61
RB tract $
Dc 18 30 30 10 1030 1 1 &8 0.52
DC 1 22 60 2.7 40 2 - 56 1.07
Dc 1A 17 60 35 60 2 - 56 1.07
DCg 60 120 24 840 4 - 113 1.06
DC 11 127 270 21 2020 6 3 262 1.03
Dc 12 29 60 21 300 3 - 85 0.71
DC 13 139 240 1.7 2660 11 - 311 0.77
RE tract 5 | 52 - San | e sub-sy | im
DCs8 57 170 29 - € - 170 1.00
DC 2 90 170 10 1036 7 - 198 0.86
DC3 75 150 20 1350 4 2 169 0.89
DC 4 37 20 24 196 3 - 85 1.06
DC5 71 - - 1350 3 2 150 -
DC8 50 180 36 120 - 1 145 1.24
DC7 80 190 2.1 1020 £ 1 207 0.92
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Table 4.07.Comparison of the design capacities (existing) with the required capacities

of distributaries{DCs} in Kirindi Ovya

Continued
DC Area Design Design Length Sum of
Hscharge Duty of Dc No of FCs sarved FC's eslan disgharge
{ha) (is) (iIstha) {m) itandard |Non standard:| >apacity | urn Fc capacitie
{l/s)

LBtract 1

DC 1 230 - - 4840 8 7 441 ~
Dc2 50 20 18 280 1 2 as 1.02
Dc3 94 210 2.2 1280 4 2 188 112
nc4 89 180 2.0 890 7 1 235 0.77
Dc5 49 120 24 430 4 - 113 1.06
DC6 35 80 2.6 240 3 - 85 1.06
Dc7 191 360 1.9 3190 18 - 509 0.71
LBtract 2

DC A1 65 120 1.8 470 2 2 114 1.05
DC2 138 510 37 1500 5 3 240 213
DC3 39 80 23 560 3 - 85 1.06
DC4 80 180 23 400 3 2 - -
DCBE 188 360 19 2280 13 - 368 0.98
pCeé 85 150 23 960 2 2 136 110
DC 7 51 120 24 430 4 - 113 1.06
DC8 25 60 24 - 2 - 60 1.00
DC o 186 360 1.9 2190 7 5 377 0.95
DC 10 38 80 2.4 230 1 2 60 1.50
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Though 12 hour or daylight irrigation has been assumed for R8: soils, the
design does not indicate what happens to the flow in the canals during the
remaining 12 hours at night. In a systemwhere night storage facilities are not
available and alternative opening and closing of canal turnout gates leads to
fluctuation of water levels in the canals, the operating agency is compelled to
operate the system around the clock for both rice and non rice crops. This is
an important drawback iIn the system design.

Table 4.07 indicates the turnout areas served by each distributary canal
of the right bank tracts 1, 2, 5 and left bank tracts 1 and 2, and the
proportions of RBE and LHG soils In each turnout area. 1t is seen that iIn
general, the turnout areas are within the limits of the design, offering
theoretical operational flexibility for a variety of cropping patterns, from 100
percent rice iIn both RBE and LHG soils to a mixture of rice with non-rice crops
or upland rice. Turnout areas occasionally exceed the design limits and are as
large as 24 ha.

Design of Canals

The design dimensions of a canal are determined to provide permissible
velocities iIn the canal that would theoretically prevent silting and scouring,
for a design bed gradient and the assumed value of Manning’s rugosity
coefficient(n) for the nature and roughness of the canal bed. The rugosity
coefficient is usually assumed as 0.025 for earthen excavated canals. The
permissible velocity that would limit either silting or scouring is adopted as
0.46 meters per second (m/s} for earthen canals up to a capacity of 700 I/s (0.7
cusecs) and 0.76 m/s for earthen canals of the capacity range 700 1/s 1o 8500
1/s (8.5 cusecs).

The design bed gradient for a canal is usually selected considering the
limitations of maximum permissible velocity, relative loss of command (Steeper
the slope, more the loss), increase in seepage loss (milder the slope, more the
seepage), etc. These consideration have led to design gradients of 0.00040 for
field canals and distributary canals and 0.00035 for branch and main canals.

Table 4.08 gives the standard field and distributary canal sections adopted
by the Irrigation Department.
Table 4.08. Standard field and distributary canals.

The standard field canal and distributary canal are designed according to

v = 1.486 X ot/? x &0
n

The side slopes are 1:1 or t:1 and 1/2 and the free board is 0.45 m.
The free board may be encroached by 5 percent and 10 percent respectively in
field canals and distributaries. The standard sections are marked with asterisk
in the Table 4.08.
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Table 4.08. Standard field and distributary canal sections
Standard BW FSD A V  Actual Vc CVR  Permissible
Discharge in in in in Discharge in increase from
Incusecs  ft Tt sq.ft fps incusecs fps ______ STD discharge
Field Canal o
1.00 0.74 159 0.68 1.07 0.70 0.97
1.0% 1.00 0.80 1.76 0.70 1.23 0.73 0.96
1.00 0.87 2.00 0.73 1.46 0.77 0.95 16%
Distributary Canal
2 - 3% 1.50 0.90 2,57 0.79 2.02 0.79 1.00
1.50 1.05 3.23 0.86 2.76 0.87 1.01 38%
3 - 4% 2.00 1.00 350 0.87 3.04 0.84 1.04
2.00 1.15 4.28 0.93 4.00 0.92 1.01 33%
4 - 5% 250 1.20 5.16 0.99 5.09 0.94 1.05
250 1.35 6.11 1.05 6.41 1.03 1.02 60 - 28%
6 - 7% 3.00 1.40 7.14 1.10 7.84 1.04 1.06
3.00 1.55 8.25 1.16 9.56 1.11 1.05 59 - 36%
8 - 10% 3.50 150 8.63 1.16 10.04 1.09 1.06
3.50 1.65 9.86 1.22 12.07 1.00 1.05 51 = 21%
11 - 13x% 4.00 1.70 11.14 1.27 14.11 1.18 1.08
4.00 1.85 1253 1.32 16.60 1.25 1.06 51 - 28%
14 - 16* 4.50 1.80 1296 1.33 17.22 1.22 1.09
450 195 14.48 1.39 20.06 1.29 1.08 43 = 25%
17 - 20% 5.00 1.90 1492 1.39 20.70 1.27 1.09
5.00 2.05 16.55 1.44 23.90 1.33 1.08 41 - 20%
20 - 25* 550 2.10 18.17 1.48 26.94 1.35 1.10
550 2.25 19.97 1.54 30.70 1.41 1.09 54 - 23%
BW - Bed Width V. - Velocity in the canal
FSD - Full Supply Depth Vc - Critical Velocity
A Cross Sectional Area CVR - Critical Velocity Ratio (CVR=V/Vc)
Conversion factors
1 ft = 03047111 1 cusec = 28 1/s
1 fps = 0.3047111per second 1 cusec o 0.0283 Cumecs
1Sqg ft = 0.093 Sgm
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Turnout areas exceeding the design limits are usually served by field
canals of non-standard cross sections, i.=., different from the standard Cross
sections indicated in Table 4.08. In such circumstances the design depth of
water in the field canal, when i1t is running full (full supply depth), is
slightly increased to have the required discharge, without exceeding the
permissible velocities in the field canal. In other words, the difference In
cross section iIs usually accommedated only by a higher full supply depth, with
the water level at design discharge (maximum 41 1/s3} encroaching into the
freeboard provided it is within the acceptable limits and without exceeding the
permissible velocities. Therefore the field canals serving turmout areas larger
than the design sizes do not have =ny operational constraints built Into the
design. The design has allowed for deliberate overloading of the standard field
canal capacity of 28 1/s to run up to a maximum discharge of 41 1/s, when the
tumout area 1s larger. This sanctioned overloading of the standard field canal
woulld allow turnout areas of 23 ha (41/1.78 ha) for 100 percent LH: farms and
11.5 ha (41/3.61 ha) for 100 percent RBE farms. When 24 hour irrigation is
adopted for the irrigation of RBE soils, the occasional maximm Size of the
tumout area consisting of 100 percent R3E soils can theoretically be increased

to 23 ha. The tumout areas of Kirindi ¢ya lie well within these theoretical
limits as shown In Table 4.07.

Design of Distributary Canals

The design capacity of a distributary canal is determined on the basis of
the number of field canals served by that distributary. Under normal
circumstances, when a distributary canal serves a given nunber of standard field
canals of 28 1l/s capacity, Its design capacity is the sun of field canal
capacities served by it. When a distributary canal serves some occasional
tumout areas larger than the standard sizes, the discharge capacity of the
distributary canal should still be the sum of the discharge capacities of the
field canals. Such iIncreases in the design capacities are usually achieved by
the depth of water iIn the canal encroaching into the normal free board of the
standard cross sections indicated in Table 4.08, but keeping the velocity of flow
within the permissible limits to prevent silting or scouring.

Table 4.07 gives the design discharges of distributary canals In right bank
tracts 1, 2 and 5 and in left bak tracts 1 and 2. It indicates that most of
the distributaries in the new Kirindi Cya system have been designed for varying
canal duties ranging fron 1.0 I/s per ha to 3.7 I/s per ha, with most of the
distributary canals having a duty of 2.0-2.4 I/s per ha. However, it is also
seen that In most cases, the design capacity of the canal is not the sane as the
sum of the discharge capacities of the field canals.

Table 4.07 indicates that the ratio between the design discharge and the
sum of field canal capacities served by some distributaries is below 1,
indicating inadequate canal capacity at least iIn the head reaches of the
distributary canal. For example, CC5 canal of right bank tract 1 serves 6 field
channels of standard 28 1/ capacity ad 6 whose cagacitiss are more than 28 1/s.
This means that ©c3 should deliver a design discharge of 385 I/s (without
accounting for distributary canal losses) at the head in order to meet the
irrigation requirements under the field channels served by it. But the ratio
between the design discharge axdd the sum of design discharges of field channels
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is only 0.78, implying a capacity constraint. Thus DC5 has to be run bank-full
in order to meet the irrigation requirements as observed In the previous seasons.
In the maha 1989/1990 season, it was observed that the tail-end field canals in
this distributary canal suffered severe water shortages during the land
preparation period even when the distributarywas run at its tank full discharge.
This distributary was taken over by the farmers for operation from this season.
Discussions with the farmers and the farmer leaders reveal that they took over
this canal for operation because of the serious difficulties encountered by them
in water distribution and conveyance in the previous seasons. Thus the design
capacity has been a constraint for the successful operation of this canal.
Similar capacity constraints can be observed in some other distributary canals
too. The case of 0C 5 during maha 1988/1990 is discussed iIn detail iIn
chapter 7.

Design OF Drainage Canals

The capacity of the main drainage canals inKirindi Oya has been determined
on the basis of carrying 1 cusec (281/s) for every 10 ha. This is the standard
duty adopted for the design of drainage canals for major irrigation schemes.
Experience indicates that this capacity 1S adequate to drain OFF the excess rain
water from the command area without causing yield loss due to prolonged
inundation of crops.

Land Preparation

The method of water delivery adopted for the design and operation of the
irrigation distribution system is continuous delivery during land preparation,
end rotational delivery In the subsequent crop growth period. In other words,
the canals would be operated to run continuously during the land preparation
phase and the mode of water distribution would be changed from continuous
delivery to a system of rotation after sowing is completed. In this system of
rotation the field canals are opened and closed according to a pre-determined
schedule, whille the flow iIn the distributaries iIs maintained continuously. In
this mode of operation, field canals may be operated to run at design discharge
or at a slightly higher discharge when required, while the distributary canals
may be operated to run continuously, but at regulated discharges to suit the
discharges requiredby the field canals during any given period of the rotation.

However, though the delivery is said to be continuous during the land
preparation period, this statement reflects the perspective of the agency
operating the system. Field canals are run continuously during land preparation
period, but at the farmer”s level, the water for the land preparation has to be
shared by a systematic rotation. The design of the field canal and the

structural design of the farm tumouts are such that two fanners are expected
1o share the entire flow in the field canal at one time, for an agreed duration.

The design model allocates 100 mn In 5 days and 75 mn in 10 days, to meet

the land soaking and land tillage requirements respectively, anounting to a total
of 175 mm in 15 days for the land preparation of a typical 1 ha allotment. The

operation model recommends a somewhat restricted allocation of 50 mn in 7 days
and 50 mm iIn 14 days for land scaking and land tillage respectively. In the

first instance there is a remarkable difference iIn the assumptions on land
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preparation water requirements in the design and operation models, though the
design is more conservative than the operation. Second, the actual requirements
of the farmers for land soaking and the land tillage as observed in the previous
seasons appear to have been underestimated by toth models. Third, time periods
allocated for land soaking and land tillage and for the total land preparation
period appear to be more optimistic than the reality.

The land soaking requirement is necessary to bring the soil to saturation
to facilitate the mechanical operations in land tillage. It depends on the type
of soil and the antecedent moisture conditions of the soil. In a typical maha
season, where the cultivation begins after one or two rains, the land soaking
requirements assumed In the models may be sufficient for LH: soils but may need
revision for RBE soils. But for a typical yala season, where the rainfall is
limited, the antecedent moisture percentage can be very low and more irrigation
water is required to soak the land, particularly for 888 soils. In yala 1989
season, the famers in ocz of BC2 of right hank tract 5 used about 400 mm on
average for the land sosking (IIMI 1989b}. A rough estimate of water
requirements for land soaking as presented iIn a previous section (305 mm}
indicates that the assumptions made iIn respect of the land soaking requirements
need further iInvestigation.

The research conducted in yala 1989 season in ¥irindi Cya indicates that
on an average a farmer uses 6 to 8 days between the receipt of water and first
ploughing, 10 to 18 days between the first and second ploughings, 7 to 10 days
between second ploughing and puddling, and 1 to 3 days between puddling and
sowing (1IMI 1989b)., This means that the land soaking is allowed for about 6
to 8 days and the subsequent land tillage operations take about 18 to 30 days
till sowing, thus extending the land preparation ina typical 1 ha allotment over
3 to 5 weeks from the commencement OF water issues. Thus there exists a
discrepancy between the theory and the reality of the land preparation period
for a typical 1 ha allotment. As a result, the operation of the whole system
virtually slips out of the control of the operating personnel during this phase
of the cultivation.

The land preparation phase for irrigated rice cultivation is very complex
in terms ofF the period, water requirements, and systems of sharing water among
farmers. This complexity arises not only due to water but also due to various
soccio-economic constraints faced by the fanning community. Let. us review the
sequence of activities that follow from the Tirst release of water In a typical
field canal, in order to understand the complex interactions of water, socio-
economic factors, and water sharing practices In the land preparation phase.

When the field canal turnout gate is first opened for the season, the
operating agency implicitly assumes that one cusec (28.32 i/=2) will flow in the
canal and the farmers will immediately respond to water issues by beginning to
share water to soak their farms. The premise here is that the field canal would
be kept open €or 7 days per week and 24 hours per day so that two farmers would
share the discharge iIn the field canal at a time. It is theoretically possible
to deliver the land soaking requirement of 100 mn per one hectare allotment in
1.1 days (1 day and 2 1/2 hours), if pairs of farmers resort to sharing the field
canal flow at a time, at a rate of 14 i/s through farm turnouts, assuming a 70
percent application efficiency. IT the application efficiency is ignored this
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period reduces to 18 hours. If this rotational sharing continues among the
farmers without losing any time in between switching from one field turn out to
the next, the continuous flow In the field canal can theoretically deliver the
land soaking requirement to about 12-18 ha in a 7 day period, if there are no
application losses. IT the application losses are accounted for then the area
is limited to 12 ha. If the land soaking requirement is only 50 mm, as assumed
in the operation, then the area that can be served with the land soaking
requirement within a week increases to 24-36 ha.

The above computations pinpoint a part of the operational constraints faced
by rice farmers iIn the land preparation phase. Table 4.07 shows that in the
Kirindi Oya i@rrigation system, there are some turnouts serving about 20 ha of
100 percent RBE soils. IT the land soaking requirement exceeds the design limits
(100mm}, the standard one cusec flow in the field canal fails to serve the land
soaking requirement of larger turnout areas within a rotation period of one week.
This compels the operating agency to overload the field canals to have an
increased flow. IT the flow is increased to a limiting discharge of 41 1/s, then
the land soaking requirement of 100 mm can be delivered to only about 17 ha
within a week, If the application losses are accounted for, leaving another 3-
4 ha not served. Thus the design has Imposed an operational constraint in the
land preparation phase by laying out turnout areas as high as 20-24 ha consisting
of 100 percent RBE soils. This constraint is very significant in yala season,
when the rainfall is scarce.

On the other hand let us assume that the farmers in a typical field canal
resort to the ideal mode of water sharing for land preparation. When the first
two Tarmers receive theilr share for soaking after a day or two, they are
compelled to begin the First ploughing within the next two or three days, before
the moisture condition in their allotments is depleted below saturation. This
means the first two farmers should have farm power at their disposal In order
to commence the Tirst ploughing without losing any time for the depletion of
wetness iIn their allotments. The same argument applies to the other farmers too,
who complete the land soaking in succession in the ideal mode of water sharing.
This is where the main socio-economicconstraints interact with the water as well
as the mode of water sharing to disrupt the whole process.

Our research, observations and discussions with fanners reveal that
inadequacy of farm power and initial capital to pay tractor hire are a major
constraint which inhibits the operation and in tum the overall performance of
the water delivery system. Inadequacy of farm power has become = grave problem
for the new settlers, particularly when the cultivation in both the new area and
old Ellegala system commences almost at the same time. Though tractors had been
provided to the farmers under the project on easy payment conditions, most of
the tractors are not presently available in the project area to facilitate land
preparation activities. Shortage of farm power is the number one constraint that
affects land preparation activities.

On the other hand, when a farmer finds a tractor for hire, iIn most
instances he lacks the initial capital to pay the tractor owner. This is another
constraint. The collective impact of these constraints are reflected in the
command area by way of delayed land preparation activities. This leads the

operating agency to adopt ad hoc and trial and error methods In system operation
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during the land prepration. In the environment of these socio-economic
constraints the water use efficiency by the farmers goes down, leading to over-
use of water.

The socio-economic constraints impose an informal stagger of land
preparation activities iIn turmmout areas. This stagger may or may not be
identical with the staggers assumsd for the preparation of water schedules.
However, the informal stagger is a blessing for the operating agency to deliver
a continuous delivery within the capacity constraints of certain distributaries
inKirindi Oya. Itwas earlier seen that the capacities of some distributaries
are less than the aggregate sum of the capacities of field canals served by them.
IT there were ne sccio-economic constraints so that all the farmers could
commence land preparation simultaneously, then the Irrigation Department would
be compelled to maintain continuous design discharges in all the field canals
at the same time. This would not be possible in some distributary canals due to
capacity constraints. Though 1t is not realistic to expect simultaneous land
preparation to take place, this shows that in some distributary canals, capacity
is a potential constraint to deliver continuous supply to the field canals.

The foregoing paragraphs analyze the ideal mode of water sharing during
land preparation iIn order to recognize the design as well as operational
constraints and their inter-relationships with the socio-economic environment
within which land preparation takes place. It is now worthwhile to review how
the farmers in a tumout area adjust to the constraints imposed by both the
design and the socio-economic environment, in order to have a basis for
identifying more realistic scenarios of water distribution and allocation during
the land preparation phase.

When a field canal tumout gate is opened for the first time to issue water
for land preparation, the farmers compete with each other to soak their
allotments. The ideal mode of water sharing between two fanners at a time rarely
takes place. Instead, water sharing takes place in highly informal ways which
iIs different from tumout to turnout and therefore difficult t medel, One or
a few farmers who have the capability to hire tractors and are ready to plough,
come to an agreement with the rest of the farmers to use the first or first few
tums of water to soak their allotments, and then subsequently to commence
ploughing. Once they Tinish diverting the entire flow in the field canal,
another group of farmers gets its turn to divert water from the field canal.
There are various informal arrangements and eventually decisions on the
commencement of land soaking and other activities are taken by each individual
fanner on a day-to-day basis. This situation is a direct consequence of the
socio-economic constraints typical of the new areas of the project. Thus It is
difficult to predict In advance when a typical farmer needs water to soak his
allotment and when he will commence ploughing and the subsequent agricultural
activities.

The land preparation phase of rice cultivation is complicated by the fact
that the land preparation period is influenced by socio-economic variables and
in tum by the multiplicity of decisions, on the commencement and the period of
each agricultural activity, taken exclusively by each individual farmer each day.
Tt i1s often the case that the land preparation period stretches substantially
over a longer period than anticipated by the design or agreed at the cultivation
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meetings. The total water use by farmsra IS excessively high; 1t was 1400 mm
per ha in Dc8 of Chandrikawewa Branch Canal in Walawe and about 800 mm per ha
in 0CZ of right bank tract 1 in Kirindi Oya (1IMI 1989b). The land preparation
in a typical farm allotment stretched over 4.5 to 5 weeks in both Kirindi Oya
and Walawe (I1IMI19895}. This suggests the problems characteristic of matured
as well as new schemes. The Important question that emerges out of this
situation is that iIf the land preparation phase cannot be accurately modelled
or predicted in temms of the water requirements, quantity, point of time, and
duration, and in terms of time required by each fanner to begin and complete the
various activities, how can the operating agency maintain a balance between the

adequacy of supply and the prevention of over-use of water during land
preparation?

The option available to the operating agency is to monitor the day-to—day
land preparation activities very closely, if it is interested In ensuring high
water use efficiency. On any given day, only one farmer may need water and on
some other days three to four farmers nzy need water. [T there is a close system
of monitoring by the irrigators, the actual requirement can be closely matched
with the supply by de=creasing or increasing the field canal turnout gate opening
almost daily during the land preparation period. The irrigator has to inspect
the turnout areas very frequently, assess the progress of land preparation,
communicate with the farm leaders or individual farmers to identify their
cultivation plans for the day and during the subsequent days, and then adjust
the field canal flow to approximately match the supply with the field
requirement. This daily and intensive monitoring IS anyway required to assess
the land preparation progress and the informal staggers of cultivation occurring
in each individual turmout area and then at the delivery points higher up of the
system iIn order to adjust the irrigation schedules and canal deliveries during
the subsequent crop growth period.

Water Delivery Options

The options available to the operating agency for the distribution of water
can be categorized as follows:

1. Continuous but variable flows In the canals including field canals, the
rate of flowbeing regulated and adjusted to match the field and crop water
requirements.

2. Fre-determined rotation among field canals while distributary canals,

branch canals and the main canal run continuously but with variable flows.
Three methods are possible under this system.

a. The Field canals are run continuously with constant design flows for
the predetermined periods of rotations, the period being variable
depending on the growth stage of the crop. This can be termed as
"fixed discharge-variable period™" delivery.

b. The field canals are run continuously with variable flows for the

ora-determined periods of rotation, the period being constant
throughout the growing season of the crop. This can be termed as
"variable discharge-fixed period” delivery.
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C. The field canals are run continuously with variable flows for the
pre-determined periods of rotation, the periods too being variable
depending on the growth stage of the crop. This can be termed as
"variable discharge-variable period” deljvery.

Demand system which may again use any of the above options.

The selection of an appropriate option of water delivery up to the field
canal turnout in Kirindi Oys depends on the interaction of a multiplicity
of factors, including a wide variety of time-related factors such as crop
requirements, ,climatic conditions and water availability and the design
of the system. In the first instance i1t should complement and facilitate
the capabi lity and manageability of the farmers in sharing water below the
field canal turnout, within the facilities, flexibility limits, and
constraints of the design and construction of the canals, and appurtenant
control, regulation and measurement devices. Second, the option of water
distribution should ensure the minimum of interventions by the operating
personnel iIn adjustment and regulation of flons. Third, the method of
distribution should facilitate irrigation of the selected cropping pattern
in the turmout areas, whether It is rice, non-rice crops, or a combination
of rice with other crops. Finally the distribution should ensure the
predictability, reliability, adequacy and equity of distribution both of
the main and tertiary systems within the specific set of design,
construction, management, and iInstitutional facilities and constraints
prevailing In the environment.

The design of the tertiary system below the field canal turnout offers
limited options for water sharing among the fanners. A typical field canal
below the field canal turnout would usually consist of a number of farm
turnouts designed and located along the field canal in such a way that,
when the flashboard is inserted in the farm turnout across the field canal,
the entire flow In the field canal would head upstream of the board to
deliver equal amounts of water amounting to a flow of about 14 1/s through
the two 150 mm diameter uncontrolled openings incorporated in a single
structure. The uncontrolled pipe openings lack the facilities for either
measurement or control, and therefore the delivery to any individual farm
allotment has to be maintained either at zero or 14 I/s flow at any given
time. Thus the design of the tertiary system limits the flexibility of
water sharing among farmers to a degree at which two farmers in the turnout
area served by a typical farm turnout must simultaneouslyshare the entire
flow In the field canal at a time for the period ascribed to them, during
a pre-determined rotation interval. This limited flexibility in the design
of turmout facilities influences the choice of the water distribution
method, and limits the options available to the operating agency to adopt
either the "fixed discharge-variableperiod™"or "variable discharge-fixed
period” delivery of water.

The selection of an appropriate water distribution method depends on the
relative merits and demerits of each of the above two alternatives. In
the mid-season 1988 (maha 1987/1988 commenced In January 1988 therefore
it is called a mid-season), the "‘variable discharge-fixed period™" delivery
was adopted for the rotation among the field canals. In other words, each
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field canal of the system was schedulled to receive a variable supply but
for a pre-determined period which was constant throughout the growing
season. The constant period was determined on the basis of the period
required to supply the peak daily irrigation requirements (whichoccurred
in week 8 after the commencement OF season) when the field canal discharge
iIs maintained at the design discharge. The field channel discharge wes
scheduledto be reduced during the rest of the season In proportion of the
daily irrigation requirement of any given week to the peak daily irrigation
requirement.

The variable discharges were converted into equivalent heights of water
above the crest level of the measuring weirs constructed immediately downstream
of the field canal turnout structures and the irrigators were provided with the
water depths to be maintained in each week of the growing period. This mode of
scheduling was based on the premise that it would be convenient for the farmers
to share the delivery of the field canal for the same constant duration
throughout the growing season, two farmers sharing the flow at any given
duration. This method implicitly assumed that in the Kirindi Oya environment
where the fanners were not yet fully organized, the adoption of the constant
irrigation period would be more convenient than a variable irrigation period.

However, in the subsystems studied In our research, it was observed that
the farmers very rarely followed the intended internal rotations and instead
resorted to various informal ways of water sharing throughout the season. This
compellad  the turnout attendants to deviate from strict adherence to the
schedules preparedby the Department for the rotation among the field canals and
to respond to the nseds of each individual field canal in an ad hoc manner. The
variable discharge-fixed period mode of delivery demands very frequent and
accurate interventions at the field canal turnout gates in order to maintain the
required variable flows in the field canals and in turn at the distributary canal
turmout gates In order to maintain the design discharges. The broad crested
measuring weirs constructed at distributary canal and field canal turnouts have
not been location-calibrated; instead the required discharge has to be released
on the basis of the calculated height of water over the weir, which may or may
not be accurate. Thus the "variabledischarge - fixed period® method of delivery
appears to be cumbersome for Kirindi Gya.

The next alternative, "‘fixed discharge - variable period®® has certain
merits over the other, from a management point of view. It is basically a
schedule which delivers a constant design discharge in the field canal for
variable periods depending on the stage of growth. Though the farmers are
required to share the water for variable periods, i1t offers certain other
advantages. The discharge in the field canal is constant and =r:y reduction in
the flow is easily noticeable to the farmers and provides them clear evidence
to demand more water from the turmout attendants. On the other hand, It makes
the tumout attendants more responsible and accountable to maintain the design
discharge In the field canal throughout the season. It offers minimum gate
interventions and less water level fluctuation in the canals. The discharge iIn
the distributary canals -an be maintained almost at steady levels. The main
advantage of this method is that the scheduling within the field canal is done
with two extreme stream flows in the field canal: gate open with the design
discharge (28 1/=) and gate closed with zero discharge, making the actual
operation less complex than the other alternatives.
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The forgoing review shows that the “fixed discharge-variable period" mode
of water distribution requires mor= organizational capabilities of the farmers
and less intervention by the operating agency. The "variable discharge fixed
period" mode 1S the other way around -- It requires more effort from the agency,
less from farmers. Theoretically, in an environment like Kirindi Oya, where
farmer organizations are still very young and not strong, the ‘‘variable
discharge-fixed period” mode of water distribution appears to be cumbersome more
convenient for the farmers, but less convenient to the operating agency. But
in the long run, when the farmers are better organized to take over more
operation and maintenance responsibilities, the fixed discharge-variable period
would be the best method of water distribution.

VARIABILITY OF FLOW IN DISTRIBUTARIES

As discussed in previous sections, the field canal and turnout design is
such that, the discharge in the field canal has to be maintained either at design
discharge (typically 28 1/s) or zero. This design limits the flexibility of
water delivery schedules to a certain degree.

Annex 4.02 is the rotational delivery plan prepared for BC2 of right bank
tract 5 In maha 1987/1988 (mid) season by the Irrigation Department. This
schedule was intended to be implemented during the periods of peak irrigation
water requirements. It shows that field canals under pcz were planned to be
operated at design discharge on specific days of the week, «hile the distributary
canal was planned to be operated continuously throughout the week, but at
different delivery rates. In this specific example DC2 was to be operated at
design discharge (170 1/s}) on 5 and 1/2 days of the week, while at a higher
discharge (1951/s) during the remaining 1 and 1/2 days. The rotation schedules
for other distributary canals indicate a similar pattern of continuous delivery
throughout the week at different design discharges.

Thus, the design of the field canal and the operation schedules introduce
a variable flow at the head of a distributary canal in any given rotation week.
This variability is inevitable in most of the distributary canals where the
design capacity is less than the sum of the design discharges of the field canals
served, as documented in Table 4.07. For example, in X5 of right bank tract
1, the design discharges of the distributary canal is 300 1/s, whereas the am
of the design discharges of the operating field canals is also about 385 1/s.
Thus on certain days of any rotation week, the discharge at the head of the
distributary canal has theoretically to be maintained at about 400 I/s if losses
are accounted for.

Figures 4.01 and 4.02 show the discharge measured at half hourly intervals
at the head of pc2 and all field canals served by i1t during a seven day pericd
of the yala 1989 season. Close observation of these discharge hydrographs
indicates that the variability of flow at the head of a field canal increases
fron head to tail and there is a considerable flow variation at the head of the
oc2.  The results of findings from the set of hydrographs are given in Table
4.09. This table indicates that the flow In a typical distributary varies
considerably and the degree of flow variation amplifies when one goes down from
head to tail field canals served by a typical distributary canal.
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Table 4.09. Variability of flow in Dc2 of BC2 of right bank tract 5,
Kirindi Oya Project

Canal Design Maximum  Minimum  Average Maximun flow
Discharge Flow Flow range of Minim flow
1/s l/= 1/s flow L/s
Dc2 180 225 90 125-170 2.50
FC 9 30 32 10 30-34 3.20
FC 10% 30 14 8 8-12 1.75
FC 15 30 30 20 20-28 1.50
FC 11 30 65 12 30-50 5.42
FC 12 30 52 10 20-50 5.20
FC 14 30 58 10 10-50 5.80
FC 13 42 40 2 2-20 20.00

¥ Supply wes deliberately reduced because farmers had access to
drainage water.

OPERATION FOR OTHER FIELD CROPS AND FOR A MIX OF RICE AND OTHER CROPS

It was earlier stated that the design criteria for canals, tumout areas
and other structures In the irrigation and drainage infrastructure were based
on criteria to serve rice. However the irrigation water requirements for other
field crops are lower than for rice and therefore iIn principle, the design
capacities of the irrigation infrastructure should not impose constraints to
serving other field crops in the same command.

However, the irrigation layout designed for rice imposes a major impediment
0 adopting Trrigation methods based on furrow irrigation, which may be one of
the most efficient irrigation methods for non-rice crops. This drawback stems
from the difficulties and high costs involved in transforming the soils and paddy
basins into furrows, in the process of switching over from rice cultivation iIn
maha season to cultivation of other crops In yala season. The absence of a
secondary and tertiary network of drainage canals further limits the choice of
furrow-based irrigation methods. Thus the irrigation layout designed for rice
limits the choice of irrigation methods either to controlled floocding for the
well-drained and upper parts of the intermediately drained soils or to raised
bed methods for the poorly drained soils. The most appropriate irrigation
methods have yet to be decided on the basis of the experiences of fanners and
research results.

Unlike rice which tolerates excess moisture for a considerable period of
inundation, other crops are very sensitive to both deficit and excess moisture
in the soil, demanding a narrow range of moisture content for irrigation and
hence operation of the system. This iIn tum demands the exercise of more
attention and care in both scheduling and operating the canals ad turnouts to
implement the schedules. The major management questions that emerge from this
requirement are whether the present o&M resources and skills, and the present
level of farmer organizations and their management capacity would be sufficient
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to deal with mors precise operation for large scale cultivation of other crops
in the Kirindi Oya system. This question remains to be tested in yala 1990
season, during which non-rice crops are to be grown iIn the system on a wide scale
with the active participation of all line agencies responsible for agricultural
implementation and activities.

However, the design of the field canals and canal turnouts and the farm
turnouts iImposes two major constraints which limits the flexibility to select
a wide range of irrigation rates for other crops. As mentioned earlier, the
field canals have been typically designed for a standard design discharge of 28
1/s. Also the regulation of flow in the field canal to have a reliable discharge
in the range between zero and 28 1/s requires a high degree of intervention by
the operating staff, but even then the reliability of achieving a required flow
accurately iIs questionable. The economic considerations in the design of farm
turnouts have resulted in a limited flexibility to maintain accurately any
intermediate discharges between zero and 14 1I/s through the 150 mm farm pipes.
For rice cultivation famers presently regulate the stream size to the farms by
partially clogging up the farm pipes with stones, straw and earth, with no or
little concern for the rate of flow. Though planking arrangements have been
provided iIn the farm tumout to regulate the Flow between the two extreme rates
of flow, they are hardly used. These wooden planks are not designed to regulate
the stream flow to the farm at any discharge other than the two extreme values.
Thus the scheduling of irrigation for other field crops has to be done within
the design constraints imposed by the field canal turmout and the farm turnout.
When there iIs a mix of rice with other field crops in the same allotment, as a
few farmers attempted during yala 1989 season under the demonstration trials of
the Agricultural Department, the design constraints of the field canal turnout
and the farm turnout are more significant. When this mixed cropping is adopted
on a wider scale, scheduling becomes more complex.

The lack of facilities to regulate precisely the stream flow at both the
field canal and farm turnout levels limits the free choice of cropping patterns
that each individual farmers may prefer to adopt in this system. In the short
run, the fanners would not select a wide range of crops due to marketing and
other socio-economic constraints, and would Timit the choice to such crops as
chillies, legumes, onions and a few vegetables. However, In the long run If the
cultivation of other field crops turns out to be an attractive venture, there
will likely be more demand for a wider range of crops. But there would be
limitations on the free choice of crops within the scheduling constraints imposed
by the system as it is now designed. This means that the farmers have to come
to a common consensus to grow one or a combination of a few crops, before each
season, as they presently do with respect to the variety of rice to be grown in
each season. Therefore It is necessary to adopta uniform cropping sattern with
strict adherence to the cultivation calendar.

The system-wide cultivation of other field crops demands other managerial
and institutional requirements. The aperating agency will be compelled to
adhere somewhat strictly to the implementation of the pre-determined schedules,
based on ““fixed discharge - variable pericd” mode of water distribution. The

farmers will be required to share the water without defaulting within the
irrigation interval dictated by the schedulle prepared by the operating agency.
The observations during the previous cultivation season revealed that nerther
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the irrigators nor the farmers demonstrated the skill, leadership and dedication
to follow the schedules as envisaged. Though the Irrigation Department
demonstrated some improvements in ensuring a better quality of operation in yala
1989 season, the management below the Field canal tumout remained unsatisfactory
in levels and standards. Under these circumstances, the Irrigation Management
Division has to play a vital role iIn training and motivating the fanners to
adhere to the mode of water sharing imposed by the tumout design and iIts
inherent constraints.

CONCLUSTIONS
Operational and Institutional Assumptions

The design of field canals and turnouts iIn the Kirindi ¢:= irrigation
project enbodies a set of technical, operational and institutional assumptions.
The field canals are designed for a typical design discharge of 28 1/s (one
cugec) and the tumout areas are sized to serve the peak Irrigation water
requirements for rice, depending on the total percentage of vwell. drained (RBEs)
and poorly-drained (LHGz) allotment areas served by the field canal.

The climatic and soil variables, efficiency parameters, and the irrigation
water requirements for land soaking and preparation used for the sstimation of
peak irrigation water requirements both for the design of tumout areas and for
the water delivery schedules show an underestimation of the reality. As a
result, some turmout areas serving 20-24 ha of well drained soils will have
operationaldifficulties,as the design discharge in the field canal cannot meet
the i1rrigation needs of all the farmers within the typical irrigation intervals
of seven days, iIf rotation is implemented. This situation emphasizes the need
for continuous monitoring of the climatic and soil variables, efficiency
parareters etc. iIn the project area, In order to assess the 1irrigation
requirements more accurately and confidently.

Most of the distributaries in the Kirindi Oya system have design discharges
which are less than the aggregate sm of the design discharges of all the field
canals served by them. This Imposes a potentialcapacityconstraintparticularly
during the land preparation pericd during which all the field canals are operated
simultaneously with continuous flow. When such a distributary has excessive
conveyance losses above the assumed values (forexample, DC5 canal OF right bank
tract 1) and large tumout areas served by one or more field canal (forexample,
field canal 49 in o5 in right bank tract ! which consists of 24 ha), the
distributary canal capacity can be a severe constraint in ensuring an adequate
and equitable supply to the farmers.

The design of the farm turnouts In Kirindi Cya assumes that 14-15 l/s
(halfcusec) is the best manag=abls Stream size for an individual fanner and two
farmers below the field canal tumout willl share the entire 28 I/s (one cussc)
flow In the field canal simultaneously. The institutional assumption here is
that the Irrigation Department can communicate well with the farmers about the
water delivery schedules, rainfall adjustment rules, =tc, well in advance of any
cultivation season, and farmer organizations can manage the «mter distribution
below the field canal turnouts to suit the schedules preparsd by the lrrigation
Department.
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Water Delivery Options

The design of the tertiary system below the field canal turnout limits
the water distribution options due to lack of control andmeasurement facilities
incorporated in the design of farm tumouts. Thus, the water distribution below
the field canal turnouts has to be in such a way that two fanners at a time
irrigate their allotments with a stream size of 14-15 I/s (halfcusec) within
a predetermined irrigation interval, dictated by the water delivery schedules
prepared by the Irrigation Department. With this limited flexibility, the
Irrigation Department and th= farmers have options for either “fixeddischarge-
variable period” or“variabledischarge-fixedperiod” modes of water distribution.

The former option requires more organizational capacity and capability of
fanner organizations and less from the operation and maintenance unit of the
Irrigation Department and the latter the other way around. Presently the farmer
organizations are not well geared to adopt the “fixeddischarge-variableperiod’
mode of delivery and hence in the short run, the Department has to play a major
role in implementing “variabledischarge-fixed period” mode of delivery, if it
intends to assist farmers to smoothly accomplish water distribution below the
field canal turnout. However, the difficulties in regulating variable discharges
in the field canal due to the lack of accurately calibrated measurement
facilities hinders the implementation of such schedules precisely. Thus the
establishment of fanner organizations and enhancing their capacities and
capabilities to adopt the limited options of “fixeddischarge-variable period’
mode of water distribution are absolutely essential even at the early stages of
the project.

Variability of Flow

The design of the field canal and the limited option of “fixeddischarge-
variable period” water distribution available to the Irrigation Department, make
it difficult to maintain a steady and fixed design discharge at distributary
canal heads during the rotation periods. In certain iInstances, where some
distributaries suffer from capacity constraints, variability of flow at the head
is inevitable due to deliberate overloading of the canal beyond the sanctioned
limits. Also, sometimes there is a fluctuation in discharge at the head of a
distributary as a result of fluctuations in the upper levels of the system. This
Fluctuation propagates to the tail of the distributary with tail-end field canals
suffering from larger variability and fluctuations in the discharge than head-
end field canals.

Alternative Water Distribution Methods to Improve Performance

The complex Interactions of socio-economic factors with water and soil
properties make it difficult to model the land preparation in terms of the period
and water requirements and designation of daily quantum of water into the field
canals. Thus systematic and predetermined water schedules are difficult to
prepare for the land preparation period. What Is necessary to adopt iIs very
intensive monitoring of land preparation activities and progress during this
phase on a day-to-day basis, and adjustment of the field canal flows daily to
suit the land preparation activities that are likely to take place under the
command of each field canal on any given day.. This requires strong dedication
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by the irrigators who are required to inspect all the field canals under their
supervision, to meet the fanner representatives daily, and to adjust the canal
flows on a daily basis. This practice combined with farmer training to adopt
proper on-farm practices will reduce the water use in the land preparation phase.
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GROWTH STAGES AND CROP FACTORS

Growth Stages

Annex 1.01

Initial Development Mid Late Total

Lowland paddy Days 30 40 45 20 135
(135 day) k, 1.00 1.15 A 0.30

Lowland paddy * Days 20 30 30 25 105
(105 day) , 1.00 1,15 1.20 0.90

Upland paddy Days 30 40 45 20 135
(135 day) k. 0,80 L0e 108 0.90

Upland paddy Days 20 30 30 25 105
(105 day) K b.g6 §.00 1,05 0.90

Soya beans Days 15 20 50 20 105
ke 11.65 3.85 1.0 0.75

Ground Nuts Days 20 30 40 20 110
k, 0.65 080 1.00 0.80

Green Gram Days 15 20 25 15 75
k, 9.50 0,80 103 0.70

Cowpea Days 15 25 35 15 90
K, 0.74 0.00 1.10 1.00

Pulses Days 15 25 35 15 90
Kq 0.50 0.80 L9t 0.50

Chillies Days 30 30 90 30 180
(180 day) K, 0.6% 0.85 1,00 0.90

Chillies Days 25 25 75 23 150
{150 day} kC 0.65 0,83 100 0.90

Cotton Days 25 35 45 30 135
k, 165 0.90

£.65

D80



The rotatlonal delivery schedule of Dfor DG 2in BC 2, tract 5 in right bank for mid maha 1987/88 season.
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Annex4.02

‘C No| Area(ha) Peak Jolivery | Design | Delivery Weekly schedule
{BE LHG Total | equirement| Rate | Mscharge| Duration L
(/s/ha) (lis) (i/s) (Days) [Mon | Tue |Wed | Thu | R

9| 60 - 60 21 30| 2832 346 17T |reenalreeanian
10| - 150 150 16 0| 2832 6.02 |17 [ramuslanenapuren | wuunn
11| - 100 100 16 20.32 4.01
12| - 160 160 16 30| 2832 6.42 |*°"" [reewsf mn | mmm| wuua
13 00 - 200 21 45| 4200 7.00 |77 [rennefmeenainans lren
14| - 160 160 16 0| 2832 642 |77 | mmusmammmannna.,
15| 7.0 - 70 2.1 0| 2832 3.90

otal 2.16 195

2 | 3.0 570 900 185 165 170 P2 il Rihbl WA habdy

Note :-(1) The above schedule is for the peak weekly crop water requirement

(2 Schedules for rest of the period are obtained by adjusting the discharges at heads
of FGs in proportion of crop water demand in any week to that during peak

(3) Time schedule of delivery is indicated by ********

(@ Overloading s indicated by =*~*~*"**~

*%

**

f

i A i
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CHAPTER V

IRRIGATION SYSTEM PERFORMANCE

INTRODUCTION

Objectives and Rezzarch Questions

As outlined in the InceptionRerort (1IMI1983a:11), this research module

wes included with the object of assessing the performance of an irrigation system

in a holistic sense. A sanple subsystem of one distributary canal and 1ts field
channels are used to assess the performance and understand the systemic
interactions and processes that underlie the performance. In more specific
terms, this chapter tries to:

1.

Document the performance of a selected subsystem iIn the Kirindi Cya
irrigation system including changes iIn performance over the seasons;

Test methods and criteria for assessing performance of an irrigation system
in a holistic sense;

Develop or select indicators that could e tested for use In Kirindi Cya
project; and

Assess opportimities for improving System performance.
The research results are expected to answer the following questions:

What are the objectives against which system performance should be
assessed? \What are the objectives of national policy makers, the agency
personnel operating the system, and the farmers, respectively?

How are the objectives translated into criteria to govern system operation
and into operational plans of the systen? What are the targets against
which performance is now assessed, or could be assessed in future?

What are the iIndicators of performance that should be used in the
assessment of performance for the following:

i. irrigation water delivery system,
it, irrigated agricultural production system, and
1ii. social ad institutional system.

What are the deminant. attributes of the environment that promote or inhibit
the performance of the systen?

What are the key factors, incentives, constraints and interactions
affecting the system performance?

What are the opportunities for improving System performance? For example,
what steps are required to promote diversified crops in the Kirindi Oya
project?

z
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Definition of Performance

""Performance” iIs used here in a simple way, to refer to outputs at various

levels and In various time frames. performance IS measured by comparing the
degree to which the specific outputs match the specified objectives.

Conceptually, “short term performance™ of an irrigation system may differ
materially from its "long term performance™. Ifmanagers take a short term view,
for example, satisfying water users clamoring for water during a particular
season regardless of the long term implications or maximizing short term profit
at the expense of long term benefits, then the systemmay go "off-f.rack" 1IN terms
of its long term objectives, ad its sustainability. 1T the long term objectives
are the primary rationale for decisions, then a very different set of decisions
has to be made than what is aimed at for achieving the short term objectives.

The performance of an irrigation system is governed by many factors ranging
from policy and planning decisions at the national level to the operation and
management decisions at the famm gate level. This chapter focusses on the
performance of the water conveyance and delivery system of the Xirindi Cya
project. Figure 5.01 provides a schematic representation of the factors
affecting the water delivery performance of =n irrigation system. The water
delivery performance itself is analyzed using the concepts of reliability,
adequacy and equity. The adequacy of water supply iIs characterized by the
parameter Relative Water Supply (R%S) and Cumulative Relative Water Supply
(CRWs), while equity is explained using Water Delivery Performance (WDP).

A systems analysis approach has been used iIn this report to analyze the
interactions of various elements and factors in the subsystem whose performance
IS being assessed. The system has been analyzed on several aspects such as water
delivery, agricultural production, economics of crop production, institutions,
and management, The results of this analysis have been integrated to develop
insights and draw guidelines for improvement of system performance. The results
and findings of research regorted In other sections also have been used to draw
final conclusions and answer the research questions raised at the beginning of
this chapter.

Seasons Selected

The water issues to right bank tract 5 for the 1987/1988 maha (Or "mid™)
season commencad on 25 January 1988 according to the decision arrived at the
cultivation meeting held on 18 January 1988. However, our systematic data
collection and water flow measurement started only in the first week of March
1988, missing data collection during land preparation period. Therefore, the
analysis of the results for maha 1987/1988 does not present full quantitative
data and findings for the land preparation period for that season. This season
ended In June 1988 and there was no water issue for the 1988 yala season for
tract 5. The 1988/1989 maha Season started on 20 September 1988 but due to
unsettled ad disturbed conditions prevailing iIn the project area, the study had
to be discontinued in November 1988. The 1989 yala seasonwas the third season
of study. We were able to capture the whole season. This season commenced 15
March 1989 and continued up to 27 July 1989. The 1989/1990 maha season started

with water issues for tract 5 on 20 November 1989. After ten days of water
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supply, the irrigation t this tract had to be stopped due t the very low
storage position In the reservoir. Therefore, the results presented hereiln are
based mainly on two seasons of observations (full yala 1989 and part maha
1987/1988). The analysis and interpretation of the results are based on actual
field reasurements and observations, interviens of farmers, and regular
discussions with the Irrigation Department officials who are responsible for the
operation of the right bank main canal system. \While the findings are based on
a study of all the data collected, only a selected set of figures are included

in this chapter.
Data collected
The major data collected under this research module are as follows:

1. Discharge measurements at the heads of X2, and 03 (head),Dc2 (middle)
ad s (tail)of X2, aswell as at the heads of all field channels under
the intensive sample of pc2, and at two intermediate locations along (2,
representing middle and tail of the camal. The discharge measurements at
the head of L¢3 had 1o be abandoned early during the yala 1989 season, due
t heavwy silting up of the canal. Altematively, FO6 was selected to
lt’kegr@entme head of the subsystem and the measurements were continued

re.

2. Daily otservation OF pan-evaporation and rainfall in the system.

3. Measurement of ssepage and percolation by sloping gauge method in nine
allotments In the tC2 command area, representing well-drained (RBE),
moderately drained and poorly-drained (LHG) soils.

4. Observation of daily water levels In nine allotments in #¢10, 12 and 13
In 0C2, by perforated tube method.

5. Observation of half hourly water level fluctuations at the heads of &C2,
DC8, DC2 and FC9 and 10 of pc2, during a rotation week.

OPERATION IN GENERAL

During maha 1987/1988, the water issues to tract 5 commenced On 25 January
1988 as agreed to at the cultivation meeting, but only with 30 percent of the
scheduled delivery because most of the tfarmers were not ready to start farming
activities. Only after seeing the flow of water in the canal, the fanners took
steps o initiate land preparation activities such es hiring tractors, getting
loans, etc. During this inittial gericd, the 1rrigation agency was compelled to
reduce the supply of water iIn older to prevent wastage. However, the releases
\gre}refars]tjbsequerrtly increased to 100 percent of scheduled discharge on the request

ners.

The Irrigation Department’splan was to deliver a continuous supply during
the first five weeks of land prepration period and then to implement rotational
delivery. There were substantial time delays by farmers in conpleting the land
preparation due to delays in obtaining bank loans, hiring tractors and procuring
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seed paddy. As a result, the continuous delivery prevailed until about 28 March,
i,e., for a period of roughly 2 months. However, during this gericd, the
discharge In the canal was reduced In an ad-hoc manner by the Irrigation
Department officials. The implementation of the proposed rotation schedules In
terms of target quantities and time in BC2 and the distributaries under study
was hot successful during the season. Water was available in plenty during the
season In comparison to the scarcities and hardships experienced during the
previous season. Therefore, apparently both the Department and farmers had
somewhat relaxed attitudes and did not comply with the rotation schedule. In
addition, the implementationof the rotation on BC2 was greatly hindered by the
use of BC2 as a drainage by-pass for the right bank main canal, iIn order to
protect the cofferdam erected across the canal for phase II construction
activities In the domstream reaches. This practice masked to a considerable
degree the typical operation and flow behaviors of the study area.

The design of Kirindi Oya project envisages cultivating mainly other field
crops during the yala season, as a measure to spread the benefits of the limited
water available over a large number of settlers. However, the yala 1989
comuancad with clear signs of reluctance by fanners to go In for cultivating
other crops, due to various iInstitutional, economic, technical, and
constraints, which are yet to be solved by the agencies responsible for irrigated
agriculture. The farmers recommended the cultivation of 3 to 3.5 months rice
in yala at the pre-kanna meeting held on 20 February 1989. This decision was
later ratified at the cultivation meeting held on 8 March 1989. It was also
decided O commence water issues on 15 March and to terminate on 15 July with
one mortth allowed for land preparation period. The last date of water issue was
later anended to 27 July but the water issues for rice cultivation continued till
about 10 August.

The Pepartment OF Agriculture launched a demonstration program to cultivate
other field crops iIn right bank tract 5 on some distributaries including DCs 12
and 13, which are the tailmost distributaries In tract 5. Though the water
issues for rice cultivationwas virtually over by mid-August 1989, the Irrigation
Department was compelled to make intermittent deliveries to the non-rice crops
till the end of September 1989.

It was observed that though the water issues for the season commenced oOn
15 March, most of the fanners iIn tract 5 area were not ready 1o receive water
so early in view of the yet standing maha crop and harvested product awaiting
disposal in sore allotments. This resulted Iin limited time available to the
fanners to properly clean the field channels and to the Irrigation Department
to carry out pre-seasonal maintenance work in fulll scale.

The consequences of the hasty decision to start water issues prematurely
were reflected clearly iIn the unsteady flow that prevailed in the distribution
system during the land prepration period. Since the water releases commenced
with the minimum operating level In the reservoir, anticipating a designated
quantity of inflow Into 1t, the Irrigation Department had to exercise great care
in releasing water from the reservoir. The land preparation progress iIn the
entire conmand area was carefully monitored by the lrrigation Department with
a view to economize on water use. The land preparation in tracts 2 and 5
extended over a period of two months. During the land preparation period, the
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Irrigation Department was campelled to close completely some distributaries for
a few days, to carry out essential desilting work, when they realized that the
design discharges could not be pushed Into those distributaries without removing
the silt. This resulted In Interruption of water deliveries and fluctuations
of supply In some distributaries.

The Flow In the system wes continuous during the land preparation rericd
folloned by rotation within the distributaries. In view of the unsatisfactory
storage position of Lunugamvehera reservoir, the water management unit took early
precautions to prepare the fammers for any eventual crisis situation of
inadequate supply, by informing the fanners and appealing to them o use water
with care, through posters and leaflets. This was effective In the subsequent
operation, because the Irrigation Department was able to economize on water
supply without stepping Into a conflict situation with the fanners. The
Improvement in operation during the second season is the introduction of rotation
in field chanrels after the land preparation period.

CLIMATIC DATA

The daily rainfall and conputed evapotranspiration (ET) , based on measured
pan evaporation data at Weerawila, Tissamsharama (rightbank tract 5) for the
period 6 March to 18 June 1988 and 15 March to 16 August 1989 are given 1in
Figures 5.2 and 5.3. The total rainfall during the 1988 study period was 413
mm Whille during the 1989 season it was 220 mm. The long term average rainfall
of the project area for the season IS 250 nm.

The month-wise rainfall, number of rainfall Occurrences per month and
highest recorded monthly rainfall are presented for both 1988 and 1989 seasons
along with long term averages in Table 5.01. The amount of rainfall and its
pattemn of occurrences are entirely different for both seasons, indicating the
high variability of rainfall Occurrences frem year to year. On the other hand,
the computed values haz=d on Weerawila data in both the seasons remained more
or less the same and are higher than the values used based on the measurements
from Angunukolapellessa for preraring irrigation scheduling (Table5.02).

Though the Operation and Maintenance tanual for Kirindi Oya prepared by
the Water Management Consultants (1989) indicates how the effective rainfall is
t be computed for the preparation OfF water delivery schedules, it does not
provide guidelines for adjusting the supply of water In the event of rainfall.
The effective rainfall depends on a complex iInteraction of many physical
parameters and processes. As such, It is difficult t lay out precise rules for
adjustments of 1rrigation deliveries to account for effective rainfall. The
question of deciding when to stop supplying water to a given area and for how
many days becomes difficult when the rainfall and 1ts distribution are not
uniform over the irrigated area. Theoretically speaking It the rainfall amount
is higher than the evapotranspiration and s=erage and percolation losses, then
the Irrigation can be stopped on that day, or a nunber of days In succession.
But it may be difficult to decide precisely, on which day or after how many days,
the irrigation should be reintroduced in order to make the best use of the
effective rainfall. The rotational schedules prepared by the Irrigation
Department usually detail the specific days on which the field channels iIn a
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distributary canal should be closed or opened, i.=., opened on Sunday, Monday,
Tuesday, etc., and closed on Friday, and Saturday. The reintreduction oF
irrigation after a closure of the system due to rainfall =y disrupt the rotation
schedulle and as a result the days of opening and closing in a typical week may
have to be revised immediately. This is very difficult in practice. Also to
know whether a particular site had rainfall or not is difficult and needs a high
density of rain gauge stations.

However, Sir M. MacDonald and Partners (M) have suggested certain
adjustment rules for accounting for weekly rainfall iIn rice irrigated areas.
They suggest no adjustment for rainfall be made during weeks 1, 2 and 16 of rice
cultivation. For weeks 3 to 15, irrigation can be withdrawn for a specified
number OF days (Table5.03) In the event the 7 day running total rainfall is In
excess of 35 mm (M{P, 1986). IT the same adjustment rule is applied In Kirindi
Oya operation, then during 1987/1988, irrigationwould have been atopped during
4 spells for a total period of 15 days, while during 1989, 1t would have been
stopped for one spell of three days. In a water deficit project like Kirindi
Oya, accountting for the rainfall in scheduling has to be given considerably more
importance than 1t has so far. The possibility of storing the excess rain water
and 1rrigation water at times of rain in the service area iIs another possibility
worth exploring.

SEEPAGE AND PERCOLATION

The seepage and percolation losses were measured with great cars during
the 1989 yala season, based on the experience gained In handling seepage and
percolation measurements during the previous yala 1988 season.

The measured average value of sespage and percolation over the season
varied from 10.8 mm/day 1O 4.74 mm/day (Table5.04). As one would expect, the
measurad vValues In the TC2 command area Indicated a wide variation and a
location-specific nature. The seepage and percolation valuss adopted for
preparing the scheduling in the Operation and IIC\)/I?'slintenance Manual are 6 mm/day
for upland soils (RBEs) and 3 wmm/day for lowland soils (LHGs), which are very
much at variance with the measured values. Similar measurements conducted iIn

Walawe irdicated comparatively high average seepage and percolation values (14
o 16 mm/day).

One may wonder why the soilsurdsr a relatively old irrigation system like
Walawe give rise to higher values of ssespage and percolation while soils under
a relatively new 1rrigation system like Kirindi ¢ya, IIMI's soil scientistargues
that Kirindi ¢ya soil has more clay content In i1ts dispersed form and therefore
Its permeability IS reduced. But the mgjor reason for such a large difference
in seepage and percolation values between the two projects appears to be the

and surface drainage losses occurring through bunds., Basically i1t
relates to bund condition, maintenance and water control exercised by the
farmers. It has also been observed that In places where water availability is
high, seepage and drainage losses are also high due to less management control.
The uda Walawe project is endonved with much greater water resources than Kirindi
Gya and this may be one of the reasons for higher seepage and percolation values
obtaining there. However, further investigation and verification of sespage and



113

percolation values over a few seasons are required inboth the systens to arrive
at firm values of seepage and percolation for these two projects.

LAND PREPARATION

The assumptions made In the preparation of water delivery schedules

(ProgressReport, IIMI 1988b: 16-17) with regard to land preparation are given
in chapter 4.

The monitored land preparation progress during y=ls 1989 in Dc8, Dc2 ad

Dcs5 sample subsystems is shown in Figure 5.04. The following points are
observed:

1.

A typical farmer takes about 4.0 t0 5.0 weeks for completing land soaking
and _prepration from the day he receives water on his allotment until
sowing-

On an average, a farmar needs 6 to 8 days between the receipt of w=ater and
first ploughing, 10 to 18 days between the first and second ploughings,
7 10 10 days between second ploughing and puddling, ad ¢ to 3 days betuesn
puddling and sowing.

The total time required until 100 percent completion of sowing on a
distributary from the first date of water issue ranged from Six and half
weeks In Dc5 (tail-end) to nine weeks in g (head-end). The farmers in
D2 spent about eight weeks for this.

The total quantity of water used by a typical fanner in Dc2 for land
preparation is about 880 mm/ha comprising about 400 mm/ha for land soaking
and about 480 mm/ha for the other activities in land prepration.

The effective rainfall received during the land preparation period was
about 6.0 mm.

The peak daily deliveries of irrigation during the land preparation period
are 3.41, 3.58 and 2.68 1/s per hectare at the heads of BC2, D2 and D&
respectively. These values are slightly higher than the anticipated peak
land prevaration Irrigation requirements as per design at this level of
the subsystem,

The total quantity of water delivered at the heads of Dc2 and DC5, and the
corresponding farming activities carried out in every week during the land
preparation are shown in Table 5.05.

As seen from Table 5.05, total water used for the completion of the land
prepration period in bc2 and Dc5 s 1168 mm/ha and 683 mm/ha
respectively. These figures include a rart of the water used for the
subsequent crop growth as well.




Table §.01. Rainfall distribution in right bank tract 5 at Wearawila
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Jan Feb Mar Apr May Jiin Jul Aug Sep Oct Nw Dec
1988
Raeinfail - - 1204 &% 3.8 M 439 7.8 34.0 1437 248.5 1882
No of Ceeurrenca - - 11 12 3 6 4 a 7 10 18 11
Highest recorded (mm) - - 194 79.4 2.4 105 35.3 3.7 120 85.9 ma 42.7
1009
Rainfuli 1402 282 1101 7.1 826 10.1 1183 7.8 x4 1375 87.1 -
No of Occurrence & 3 3 4 7 2 11 & 5 d 10 -
Highest recorded (mm) 118.7 17.0 B5.8 3.3 20.7 18.8 29.0 6.4 17.6 61.2 226 =
Table 5.02. A comparison of computad evapotranspiration {(ET) based on pan svaporation measurement at Weesrawila
with evapotranspiration values adopted for the design based on climatic variables at Angunukolapelessa
Year Jan Fab Mar Aps May Jun Jul Aug Sep Oct Nov Dec
wes - - 5.8 45 39 6.1 55 8.2 6.7 5.8 6.1 6.0
Measured ET
{mm/day) 1900 2.6 41 3.7 438 6.5 6.6 5.4 8.4 6.6 6.0 4.6 =
Design ET 38 4.8 5.1 5.0 6.2 6.8 6.1 6.2 6.3 5.1 3.6 37
{with 2% a.n")
{mm/day)

¥ « axcesdanca prabability
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Table 5.03. Adjustment rules for rainfall in yala

A) Week 1, 2 and 16

- No adjustment for rainfall
- Canals to be run at the calculated
discharge shown on Forms A1 and A3

B) Weeks 3 to 15
Running 7 da¥ Stop Irrigating
Total Rainfall for N days
R7 (mm) (days)
< 35 ¢
36 - 50 1
51 - 65 2
66 - 85 3
86 - 100 4
> 100 5
Weekly Adjustment to
Rainfall Flow In Next
Total Week
RW  (mm) P (%)
<5 100
6 - 20 85
> 21 75

it 7o e o . T ! R e e . . T T S o P U o o e . D o S e e e e ot i o o . e iy v e Sy g b e ot

Source : MMP (1986).
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A comparison of the water used for land preparation between Dc2 and pCs
indicates that Cc2 had used roughly twice the amount of water as 5. The soil
characteristics of Dc2 and DC5 are similar. The only difference between the two
distributaries is their location and possibly the manazernent control of water
during the land praparation pericd., While Dc2 is iIn the middle of BC2, 0G5 IS
the tail-most distributary. The lceation ofF DC2 in this case has had a major
influence in using twice the quantity of water that o¢s had used. This brings
out the fact that water availability and locational advantages Tor water access
have a marked effect on use of water during the land pregaration period. By
proper management and water control, the water used for land preparation could
have been reduced from 1168 mm to as low as 683 mm. Dc2 had taken one week more
than ©C5 1In completing the land preparation. From the beginning of the first
week, the water delivery of Dc2 wes roughly twice that of tcs, indicating that
the farmers who had easy access to water used it less carefully and were
complacent about using the water efficiently.

TARCGET AND ACTUAL DISCHARGES AT HEADS OF BCc2, L3, bcz AND DcS
Mid-Maha 1987/1988

Figures 5.05 and 5.06 indicate the actual daily deliveries at the heads
of B¢z, pc2, DC5, Dc8 and FCl2 under ©Cz, compared with the target deliveries.
The quick conclusion that can be drawn from the Figures at a glance is the non-
compliance to the scheduled operation. It might appear that an erratic supply
prevailed during the season, but this does not appear to be the actual case.
In all these canals except on Dc2 the actual supply during the months Of March
and April was below the targeted values. This 1s mainly because during these
months the total rainfall was 330 mm, which iIs much higher than the long temm
average for the two months. During these two months, there =2 rain on 22 days
and hence the supply In the main and distributary canals had been reduced.
Discrapancies In the actual quantity supplied occur because the targeted values
do not take actual rainfall into consideration. This non-adherence to the
targets actually indicates management interventions to save water. <n the other
hand, one can also notice that during the months_of May and June, the delivery
was equal to or more than the targeted values, indicating oversupply of water
during this period.

The summary Of Findings from daily Flow hydrographs is tabulated in Table
5.06. It mmplies that supply to BC2 from right bank main canal was below the
target for 68 percent of the time captured by the research. However, It IS
interesting to notice that ©c3, which is at the head reach of BCZ, w=s
undersupplied for 64 percent of the duration, while Dc5 In the tail-end ==
undersupplied for only 20 percent of the time, and Dc2 in the middle for 15
percent of the time, It was observed that the total area under [C3 was not
cultivated during the season and this was the cause for the large discrepancy
of undersupply. The high degree of oversupply in Dc2 and CC5 was due to the
Irrigation Department practice of diverting excess water in right tank main canal
to 22, As a result X2, ncs 8, 2 and 5, as well as field channels In EC2
received heavy deliveries at times, as recorded by the flow hydrographs.
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Table 5.04. Measured seepage and percolationvalues, DG2, tract 5

Location Minimum Maximum Average Standard
FCNo Allotment NO (mm/day) (mmlday) (mmlday) Devlation
FC 10 115 254 21.90 10.24 6.73
FC 10 108 210 13.92 392 3.92
FG 10 110 184 11.73 551 241
FC 12 128 300 .77 17.77 4.99
FC 12 130 183 9.11 474 1.92
FC12 133 3.00 18.04 7.61 411
FC 13 145 250 17.39 7.64 362
FC 13 155 268 9.60 5.20 163
FC 13 152 1.94 18.49 10.81 3.80




Table 5.05.

week
number

01

02

03

04

05

06

07

08

Total (mm)
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Progress in land preparation during yala 1989

Water
delivery

{mm/ha)

88

97

182

198

190

147

137

129

1168

Farming
activities d
during the

week

Land soaking and first
ploughing

Completing land soaking
begining second ploughing
20 percent completion

of first ploughing

Completing first ploughing
20 percent completion of
second ploughing, begining
of puddling

80 percent completion of
second ploughing, puddling
and begining of sowing

3G pewrcent completion of
second ploughing, slow
progress in puddling and
sow ing

Completion of puddling an
80 percent completion of
sowing

95 percent completion of
sowing

100 percent completion of
sowing

0C 5
Water Farming
elivery activities
during the
{mm/ha) week
48 Commencement of land
soaking
45 Land soaking, slow
progress in first
and second ploughings
121 80 percent completion
of first ploughing
slow progress in
second ploughing
144 Completing first ploughing
50 percent completion of
second ploughing, begining
of puddling and sowing
130 Slow progress in second
ploughing, 25 percent
completion of puddling
and sowing
113 Rapid progress. 80 percent
completion of sowing
83 100 percent completion of

sowing

Crop growth begins
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The daily flow hydrographs reflect two periods of remarkable water
shortages, from 20 to 22 March and again from 10 to 18 April, though it wss
reported that continuous delivery was maintained until about 28 March, Our
discussions with Irrigation Department officials revealed that on the first
occasion the shortage occurred as a result of reducing the main sluice releases
to right bank main canal on 20 March, for the suddsn Implementation of rotation
by the resident engineer on 21 March, without any prior communication with the
senior irrigation engineer or intimation to the farmers, The Irrigator In bC2,
with no instructions received from his iInmediate supervisor, had no other
altermative except to shut dowmn field channels gates either fully or partially,
in order to respond to the reduced supplies in EC2 and DC2. This erratic
operation created difficulties for some of the fanners, who had been waiting to
irrigate their allotments after having sprayed them with weedicides. The flows
were restored after 22 March, with the increase of main sluice discharges to the
main canal, after the Irrigation Decactment realized the impact of 1ts premature
decision to implement the rotation. This incident suggests cammmication gap
Wri]fhin 1'h§: department as well as between the irrigators and farmers (See
chapter 3).

The second occasion of water shortage occurred as a result of the cutoff
of supply from the main sluice after rainfall (79 mm) on 09 April, to prevent
damage to canals and canal structures. However the operation of the system
seemed to have become virtually paralyzed during this period due to continued
closure of the sluice for about 5-6 days. This resulted, according to our data,
from the absence of most of officers and Irrigators wo were on leave for
their Sinhala New Year festivafl ,

It is also apparent that the flow in the canals had been rapidly increasing
from 28 April until it reached a peak on 03 May. The figures also indicate peak
discharge once again on 19 May. These peaks occurred due to deliberate increase
of main sluice releases by the Department for a separate 1IMI research study on
main system management (Sallyet al. 1989).

Table 5.07 1s a comparison of weekly irrigation water requirements as per
Irrigation Department schedules, with the average weekly deliveries made at the
heads of field channels under £cz, for weeks 7 to 18. It shows that Fos was the
most undersupplied whille FC12 was the least undersupplied. It is also seen that
all field channels under Dc2 were severelyundersuppliedduring weeks 8 and 12.
Week 8 corresponds to the period during which the Irrigation Department suddenly
implemented the rotation, whille week 12 corresponds to the Sinhala New Year
rericd,  Some Field channels receilved less than targeted supplies during weeks
7, 9, 10 and 11, but the rainfall might have coapensated for the small deficits.
Table 5.07 also indicates that the water deficit in field channels is
closely related to the rainfall that occurred during that week. IT rainfall is
converted iInto mm/day as an average value frocm weekly rainfall and added to the
actual release, then there is very little iInadequacy in any field channel
throughout the crop season.

The Irrigation Department is not in agreement with this statement.
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Table 6.06. Summary of findings from dally hydrographs, maha 1987/1988 season

DCE FCO

DESCRIPTION BC2 pc2 et ] 80% ) FC 10 FC 11 FC 12 FC 14 FC 18
PERIOD OF OVER SUPPLY (26) 3% 86% % 20% 5% T 1% 56% 9% 46%
PERIOD OF UNDER SUPPLY {%} 658% 15% 4% 2% 100% 63% 9% 429 61% 54%
PERIODQF SUPPLY DURING WHICH | 23% 12% 42% 92% 100% ™% 2% 62% 42% 44%
SUPPLY EBELOW T5% TARGET
DAYS OF EXTENDED SUPPLY {duys) 7 7 7 7 7 7 2 5 3 0
DATES OF PEAK DELIYERY IMAY 3MAY | 19MAY | 3MAY 30APR WAY 5MAY | 3-4MAY | WAY 3MAY

-12MAR | -12MAR ZMAR | 1TTMAR | 22MAR | R2MAR
DATESOF ZERO DELIVERY 9-10,13-1¢ -8,13-17
14-15APK | 1-1B6APF | 1-15APf | 3-17APR| 21-22APR | 1-17APF | 3-27APR{13-17APR| I-17APR | 1-17APF
=17TMAY

CANAL CAPACITY ()s} 1188 170 113 142 £8.32 28.32 28.32 28,32 1 1
MAXIMUM DELIVERY {l/s) 1444 306 170 238 1.3 2.8 093 2.24 19 186

Note: - Indicates the extra number of water issue days after the agreed last date of issue.
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Table 6.07. Comparison of actual delivery with targets Inmaha 1987/1988 season

o

FC 10 FC 16 FC11 FC12 FC14 FC1a
Weeks Rainfall

{mmiweek) | Targst Actual Targed  Actun) ‘arget  Actus) arget Actual Target Actusl arget Actusl lfarget Actual

7 17| 1872 1346 1.4 1171 18.72 1843 1149 1373 1148 15.69 11.4 6.87 1572 t8.98
8 33| 1642 7.46 1201  &.91 1642 1127 12.01 604 *| 1201 7.17 12.01 8.01 1642 15.68
9 AN 1885 1222 12.61 82 16.06 2058 12.61 138 1261 1208 1261 1222 688 1761
10 2| 1788 1262 1308 1414 17.88 213 13.05 1245 *| 1305 1696 1305 B2 1788 2207
11 2| 1788 6.42 1348 7.34 1788 3%.11 1348 13.28 1348 1475 1348 15.14 17.88 1330
12 91| 1788 4.10 1374 117 | 1188 571 13.74 374 *| 1374 2.01 13.74 171 17.88 130
13 141 1614 771 1391 1119 1814 182 1391 4302 1391 1998 13.01 1363 1814 1974
14 21| 1814 4573 1391 32.64 1814 4828 1391 1487 13.81 2487 1301 21853 1814 2737
16 108 | 1014 18.68 13.82 3003 18.14 k< 1382 1625 1382 2421 1382 1668 1814 2053
16 2| 1746 17.12 13.05 176 1745 1239 1305 007 *| 1305 21.1% 13.06 18.16 1745 1604
17 0| 1261 4116 g.16 22.294 1261 31.72 .16 1346 916 26.24 9.18 106 1281 25
18 ] 294 1188 2.16 6.47 204 18.2 2.16 5.08 2.16 184 218 1314 204 144
10 0 211 318 0 0 3 122 0

* represents the week6 during which supply had been below targets.
Delivery and target values are in mm/{day

—ke
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Predictability of Supply during Yala 1989

The actual deliveries measured and the target deliveries at the heads of

BC2, DC2 and Dc5 are shom iIn Figure 5.07. A close study indicates the
following:

1.

the

The supply at the head of Bc2 and other sample distributaries fluctuated
significantly during the firstweek of land preparation. A study of right

k main sluice issues from the reservoir reveals that an almost constant
supply (13.4 cus=cz) was delivered into the right bank main canal during
this period. Yet there was considerable variation in the discharge at the
head of BC2. As has aready been explained, this is mainly due to opening
and closing of distributaries and field channels taking off from the main
canal, which was necessitated by the inability of the fanners to receive
an early supply of water, and also due to pre-seasonal maintenance
activities. The same phenomenon can be observed in all the lower control
points such as distributary and field channel heads too,

After the First week, the discharges were increased from 26 March onwards
and kept approximately constant, always above the target, for a period of
about two months, except on 4 May, when there was a rainfall of about 30
mm ccourring on two days before. It is also seen that from June onwards,
the supply was gradually reduced and also at times further reduced causing
Fluctuations at the head of 22 and other distributaries. This gradual
reduction was effected iIn order to conserve the dwindling storage in the
reservoir, while the mgjor fluctuations were caused by the operation of
the system to account for the rainfall In the command area. The study of
right bank main sluice discharges and the pattem of increasing and
reducing the canal deliveries confims this. In contrast, the degree of
discharge fluctuations at the head of [C5 was remarkably more than the
other distributaries, or the fluctuations at the upper part of the

were rather amplified at 05, This may be because DC5 is the tail-most
distributary canal and also the continuation of BC2,

In the subsystem studied, though the supply has deviated from the targeted
sdlwedule, the supplied quantities were by and large above the targeted
values.

Figures 5.08 and 5.09 iIndicate the plots of measured discharges against

targets at the heads of field channels served by the intensive sample 2.

The following are observed:

1l

The rotation was not implemented in all the field chanrels of the PC2.
Also the rotation In other distributaries was Introduced only two months
after the date of water releases, due to slow rates of | praparation
progress attained by the farmers in completing land preparation,

In almost all the Tield channels except FC13, the water supply against the
target was predictable. InFC13, which is the tail-mogt of DCZ2, more than
one third of the allotments (about7 ha) did not depend on the irrigation
supply, as they had access to the drainage water for cultivation.
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3. During the periods of rainfall, almost all the field channels were closed
completely.

4. The trend of fluctuating discharges and the gradual reduction of water
supply In the latter part of the season as observed in the upper control
points of the system can be dbserved in the lower control points too.

Discussion

The present procedure of comparing the rigid schedule prepared by the
1rrigation officials with that of the actual deliveries at chosen points of the
subsystem such as branch canal, distributary and Field channel heads has certain
inherent weaknesses. The schedulle prepared by the officials dces not take
rainfall or the reuse of drainage water InNto consideration, and IS based on
certain assumed paraveters and assumptions such as so many days for land
preparation, ste. Many reasons may be attributed for the mismatch of the actual
deliveries with the scheduleddeliveries. However, the two seasons of comparison
of scheduled and actual deliveries of Kirindi ¢ya project brings out the
following points as the dominant factors causing discrepancies:

1 The 1rrigation officials used the delivery schedule as a guideline and did
not strictly follow the schedule for supplying water since rainfall and
reuse of drainage water =tc. have not been taken iInto account In preparing
the scheduled delivery.

2. The actual delivery of water is intimately related to farmers’ activities
and needs. Often the farmers were not able to follow the schedule
strictly, especially with respect to the time stipulated for land
preparation. Due to this, the quantity of water had to be adjusted to suit
the requirement; otherwise the water would go waste. Therefore flexible
water delivery was adopted by the irrigation officials.

Item 2 above brings out the fact that irrigation supply schedules prepared
before the start of the season have to be reviewed frequently, possib(% every
week during the irrigation season and are to be updated ing INto consideration
the state of @rrigation activities, area Irrigated, rainfall occurrence, etc.
Such updating has to be done by the agency officials in close col laboration with
farmer representatives so that the requirement can be estimated more
realistically. This procedure needs more management effort from the agency
officials and more iInteraction with the farmers than what is happening at
present. Such a schedule updated periodically during the season when comparsd
with the actual deliveries would bring out the deficiency iIn the managsment OF
water, if any. The present procedure of comparing the rigid schedulle prerarad
at the beginning of the ==zzson with the Flexible water supply delivery adopted
by the irrigation officials gives only a rough guideline and cannot be used
effectively as a management tool for monitoring the water supplies at different
points of the sub-systems. In other words, rigid irrigation scheduling which
IS used now as a standard for comparison iIs not suitable because It iIs not
dynamic. A dynamic schedule, periodically updated during the season, would be
more suitable and effective.
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Presently land soaking and land preparation consume anywhere between one
third to one half of water supplied for rice cultivation; yet this is the period
of least iInteraction at the field between fammers and agency officials. There
is a very high potential to save at least half the present water used for land
preparation 1f a procedure is adopted for close interaction between farmers and
officials and 1f effective monitoring and control of flexible water supplies is
adopted by the agency officials during the land preparation p=ricd (a@s proposed
in chapter 4).

WATER TABLE FLICTUATICHS

The water table atove or below the paddy allotments was measured during
07 April - 03 June 1988, iIn each of the selected allotments iIn field channels
10, 12 and 13. Figure 5.10 shows the water level fluctuations in a tail-end
allotment under Fc12.

IT the number of continuously drained days without water iIn the field In
excess of three are defined as stress days, all allotments except FCl2 at the
tail suffered crop stress for varying durations between 10-22 April, as a result
of the main sluice closure. The analysis of water level fluctuations in other
selected allotments indicates crop stress during 16 May to 03 June (weeks 16-
18). However Table 5.07 does not Indicate any short supply during this period,
except for Fc12 in weeks 17 and 18. This brings out the that farmers were
not organized to distribute the water uniformly iIn their fields, although the
supply to the field channel was adequate.

Table 5.08 is a sumary of findings on water table fluctuations in field
channels 10, 12 and 13 compared with the average yield obtained from each
allotment. The nurber of stress days and the average yield do not follow a well
defined relationship with each other. Other factors such as use of fertilizers,
and weadicides and pest attack might have
influenced the yield to a greater extent.

CONVEYANCE LOSSES

The daily supply hydrographs at the head of DC2 and the sum of daily supply
hydrographs at the heads of field channells under pc2 are shown in Figure 5.11.
The difference in daily hydrogragh ordinates iIs a measure of losses during the
period under study. The steady state periods between 11-19 March, 24 March-4
April, and 22-28 April 1n Figure 5.12 correspond to conveyance efficiencies of
69, 74 ad 69 percent respectively, with an average of 71 percent. This value
iIs close to the recommendad value of 75 percent iIn the irrigation dzpartment’s
(1981)Technical Note no. 6, but far belowv the value of 93 percent adopted by
the Department 1n water delivery schedules for the season. The averazs 0SS In
D2 is therefore about 5170 cubic meter= per day which corresponds to a loss rate
of 0.6 cubic meters per day per sguare meter of wetted area (6.94 cusecs per
million square meters of wetted area or 22 cusecs per million sguare feet of
wetted area).




Table 5.08

Summary of water table fluctuations

125

vater table below
w&¢ ground level

FC 10

HEAD MIDDLE TAIL

FC 12

HEAD MIDDLE _TAIL

FC 12

HEAD MIDDLE TAIL

O-loom 7 4 5 0 10 6 3 26 3

10 - 20 cm 8 0 3 1 | 1 3 10 1

20 - 30 cm 4 2 2 2 3 0 3 4 1

30 - 40 cm 4 2 1 6 4 2 1 0 2

40 -850 cm 5 1 0 0 6 1 1 0 3

> 50 cm 0 3 0 0 6 0 0 0 6

Total measured days A 85 55 65 54 55 50 55 56
Number of stress days 28 12 11 12 30 7 11 2 16
Yield (kgiha) 4393 4737 3679 | 3158 3498 4459 | 4134 3869 3171

Note :-The water table fluctuations were observed from O7 April to O7 June.
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HALF HCURLY FLOW OBSERVATICNS

The flow of water at the h=ads of D¢2 and the Field channels under it were
observed every half hour between 7:00 am and 6:00 tm during two rotation periods
in the season. The First rotation period spannsgd 26 April to 04 May, while the
other waes between 16 to 22 May. The half hourly flow fluctuations at the heads
of field channels 9 and 13 odbserved during the first rotation period are
indicated in Figure 5.12.

A review of the observed flow patterms for both rotation periods indicates
sudden jumps of discharge on 28 April aftermoon and on 19 May, in gcz, Dc2 and
in all field chanrels. This was a result of a deliberate increase of discharge
in right tank main canal and BC2 by the Irrigation Department to facilitate
studies conducted by IMI mentioned above.

The second rotation period also reflects a sudden remarkable decrease of
flow folloned by an increase in Dc2 and field channels, except in field chanrels
9, 11 and 15, within a few hours on 17 May. Field channels 9, 11 and 15 had been
kept closed on this particular day. The daily flow hydrograph for B2 also
indicates a similar pattem between 15 to 17 May.

The degree of flow variation in Dc2 for both rotation periods was moderate,
with steady flow conditions prevailing for significant periods during the day.
The micro variations during near steady flow periods may be partly attributed
to possible measurement errors in the field.

The study of half hourly flow variations at the heads of field channels
for both rotation periods indicates a lesser degree of flow variations in field
channels 9 and 10, and a comparatively high degree in the others. The variations
in FC15 axe apparently not realistic due to doubtful accuracy of flow
measurements at the heed of the field channel, caused by the regular blocking
of FC15 by a farmer Immediately downstream of the outlet iIn order to feed his
allotment at higher elevation.

The near steady flow conditions iIn field channels 9 and 10 ad
comparatively high degree of daily flow variations in field channels 11, 12, 13
and 14 reflects s increasing trend of unsteady conditions from head to tail of
the distributary. It is noted that FC13 suffered the highest degree of half
hourly flowariations. It is the tail-most Field channel and functions as the
continued last reach of DC2.

ADBQUACY OF SUFPLY

The adequacy of supply can = evaluated In t=rms OF Relative Water Supply
(rRwS) which for our analysis is defined as:

For Land FPreparation Period:

RWS o0 {IW t Re] / [E t saP *+ Land Soaking and Ponded Water]
For Crop Growth Period:

RWS = [I¥ t Re] / [ET t S&P]}
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where,
Iw = Irrigation Water Delivery (mm)
R E = Effective rainfall in mn (assumedas total rainfall)
ET = Evapotranspiration (mm)
Sab = geepage and Percolation losses (mm)
2 - Evaporation

The weekly RWS values for yala 1989 at the heads of Bc2, FC6 (head), DC2
and C0Cs were computed and are presented iIn Figure 5.13.  Similar computations
were carried out for the field channels under DC2 and are presented In Figure
5.13.

The weekly R¥S values for the maha 1987/1988 were prapared 1IN exactly the
same way as for yala 1989 and are presented in Figures 5.14. The only difference
IS that In maha 1987/1988, measurements were made in Dc8 instead of FC6 at the
head of the branch canal.

A g#3 o 1.0 on any given week, at the level of a typical farm allotment,
means that the corbined supply by the system and the rainfall in that week
exactly matches the actual requirement or demand. The adequacy of irrigation
delivery i1s In theory, best, i.=., efficient, at this level, mmplying no
"oversupply” or "undersupply’. But If RwS : 1.0 at the head of a typical field
channel, then the water delivered by the farm tumouts In that field channel will
be less than the actual requirements, because of the conveyance losses of the
field channel, mplying "‘undersupply to the farms™. Therefore, the "critical
RAS* at the head of a typical field channel, which corresponds to the condition
where supply exactly matches the demand, may be deduced with due consideration
for losses In that field channel. The same argument can be extended to arrive
at "critical %3 values" at the heads of distributaries and branch canmals iIn
order to interpret the adequacy of water delivery at those levels.

For the purpose of our analysis, the conveyance efficiency In a typical
field channel, distributary or branch canal were assumed ax 93 percent, as
adopted In the water delivery schedules prepared by the Irrigation Department.
This results in critical RAS values of 1.07, 1.15 and 1.24 at the head of a
typical field canal, distributary canal ad branch canal respectively.

A comparison OF the weekly RWS values iIn the le subsystem for yala 1989
with the critical R8s values Indicates that during first four weeks of the
crop grovth pericd that the system delivered an adequate or rather an
“'oversupply’’ to the farm allotments. It is assumed that the crop growth period
starts around 20 April 1989, the date on which about 50 percent of sowing has
been completed. In contrast, for most of the time iIn the remaining period, less
than the critical Rws both along the branch canal as well as within Dc2
prevailed. If one comparss the computed P¥S for the crop growth period against
the line ’¥s o 1.0 (Figures5.14 and 5.15) then the actual RAS for most of the
time prevailed above the rRwWs=1.0, both along the branch canal as well as at the
heads oOf distributaries (including¥cs) .
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At the same time, a general trend of gradually declining RwS values can
be observed from the beginning of the crop zrowth pericd Which may te due to the
deliberate reduction of supply by the department in view of the gradually
declining storage in the reservoir. Also, during week 13 (19-26July), high Rws
were observed due to high rainfall that occurred In that week, and Iowrws values
were observed in the subsequent week 14, due to cut-off of the supply by the
department to account for the rainfall in the previous week.

The distribution of computed rws values at the heads of field channels
under the intensive sample camal (D¢2) as presented In Figure 5, 14 indicates high
RWS values throughout the growing season except for FCio, 12 and 13. It is also
seen that the general pattem of rws distribution at the head of BC2 over the
groving season is clearly transmitted to the field channels as well as the
distributaries, with low kWS values iIn the range of 0.50 = 0.8 prevailing at
the heads of field chanrels during the latter part of the season, implying
"undersupply,

However, a more sensible comparison of the actual :ws values with the
distribution of rainfall over the season, as well as the actual deliveries Into
the right tank main canal and to the other canals iIn the subsystem brings out
the fact that the Irrigation Department has made its best effort to sconcaize
on water supply during the rainy periods by complately withdrawing or reducing
the 1rrigation supply, erther during or after the rains, or both, in view of the
limited storage In the reservoir.

The E¥S plottings for maha 1987/1988 (Figure 5.14) present an entirely
different pattemn of water distribution frem that of yala 1989.

1. During the first six weeks of study, the R\S vallues were relatively
low, on the orders of 0.7 10 0.8 in the branch canal, distributaries
and Field chanrels. The lowest vallue had occurred on the sixth week.
The reason for this low value apgears to be high tofal rainfall of
more than 100 mm during that week; there was a complete closure of
canal supply for almost a week.

2. On week 8, the RS recorded the highest value because the water in
the right bank main canal w=s increased deliterately by the
Department for a ssparate IIMI research study on main system
mapagainant,,

3. During weeks 7-13, the rws values were generally high (highthan 1)
indicating that there had been an oversupply during the latter part
of the cultivation season.

The rRWsS values presented iIn the plots for the two s=ssons bring out
graphically the style of operation of the water distribution system by the
Irrigation Derartrent under two different situations. The vala 1989 represents
a condition in which the rainfall is just below normal 1IN the service area and
the storage position in the resenvoir is not very satisfactory free the beginning
of the season. The msha 1987/1988 season portrays a situation INnwhich rainfall
iIs much higher than the normal rainfall in the service area and the storage
position in the reservoir s comfortable.
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In the first case the IrrigationDepartmentwas Vvery cautious from the very
beginning iIn releasingwater and focussed its attention on economizing the water
by reducing the water supply in the canal whenever there was rainfall iIn the
service area. By frugal and careful use of water, they were able to carry
through the yala season successfully. On the other hand, during maha 1987/1988,
the release of water iIn the canal systems during the beginning of the seasonwes
coordinated with the occurrence of rainfall In the service area, mainly to
prevent breaches of canal sections. However, at the end of the season as the
RWS values indicate, there has been a certain relaxation in the use of water,
pushing the B%S to a higher value.

WATER DELIVERY PERFORMANCE
The Water Delivery Performance (WDP) is defined by Lenton (1983) as:
WDP = K{t) V. (t) vi(t) < Vi¥(t)
ool '

/. Vix (&)} K(t) =1

where,
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Volume of water delivered to farm 1 during week t of
cropping season.

-
s
E
—
o
i

Target volume of water to be delivered to fam i
during week t of cropping season.

Ki(t) = Weighting factor indicating the relative importance of
water at different stages of crop growth.

n = Mumter OF weeks In cropping season.

In this study, the WDP parameters were computed assuming equal weight for
all periods of the growing season or study period for all the canals studied.

Equity of Water Supply

Table 5.09 indicates the mean BWS , maximum and minimum R¥WS as well as Water
Delivery Performance (WDF) for both the seasons studied. It shows that both the
mean Rws and WDP do not differ very much and are almost the same. The mean B¥S
and WDP both iIn the branch canal as well as in the sample distributaries are
higher than 1. Along the branch canal, the supply is not equitable, as WOP
varies between 1.39 at the head to 1.05 at the middle and tail during the yala
1989, whereas during maha 1987/1988, the WOP value at the head was 1.38, middle
1.71 and the tail 1.31, indicating abundant water supply and inequitable
distribution. Though the head-end FC§ received more supply during the yala,
which may be partly due to i1ts position along the branch canal, the agency has
succeeded in maintaining a fairly equitable supply between the middle and tail
reaches of the subsystem studied.
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Table 6.09. Relative water supply (RWS) and water delivery performance (WDP)
for right bank tract 6, BC 2 sub system

BCz2DCs~ D2 DC5 FCg FC10 FC15 FC i1 FC 12 FC14 EGC 13
Minimum RWS| 048 047 0.53 035 051 0.33 0.62 0.81 0.39 0.37 0.338
Maximum RWS| 274 3.03 3.52 2.80 457 3.88 478 2.35 3.22 293 3.23
Maha 1987188|
Average RWS 1.20 1.38 1.71 131 1.44 1.28 1.80 1.09 1.47 1.30 1.38
WD 1.19 132 1.89 129 1.34 1.25 1.73 1.06 145 1.21 1.40
Minimum RWS| 0.60 0.67 049 045 0.48 0.36 0.33 0.26 0.33 0.50 0.19
Maximum RWS| 157 1.87 1.55 159 2.74 1.52 2.19 2.16 2.00 1.87 1.31
Yala 1989
Average RWS 1.14 1.38 1.05 1.08 1.43 0.8 132 1.04 0.98 1.25 0.72
WDP 1.12 1.36 1.08 1.08 1.38 0.81 1.27 1.00 0.94 1.23 0.74

* For yala 1989 FC 6 was used, not DC 8.




131

As far as the equity among the field channels within DC2 iIs concemed,
except FCIO ad FC13, the mean RWS was higher than 1.0. It is to be noted that,
contrary to the common perception of progressively declining equity between head
and tail, mean %S altemated between 1.41 at the head to 0.75 at the tail. Only
two field channels out of the seven received less than a mean supply of rws less
than one. Though FCI0 and F¢13 indicate low Rws values, FC10 and ¥C13 received
the benefit of drainage water. During maha 1937/1983, all the field chanrels
under DC2 received a mean RWS value greater than 1 with the values varying
between 1.88 to 1.00. in the variation is not progressively declining from
head to tail (Figure5.15). Inboth the seasons, there w=s no equity of supply
at the field canal lewvel.

An 1nherent weakness of the w3 methodollogy In assessing the adequacy of
supply is that 1t fails to account for the use of drainage water as well as any
residual water left in the fieldsdue to rain or over-irrigation, which can still
be used to supplement the water requirements iIn the subsequent weeks. The
concept of cunulative weekly relative water supply (CwrS) Instead of weekly Rws
accounts for the residual water and gives a better representation of available
water at the field level. Plots of cwrs as a function of time for ECs,
distributaries ad field channels are shown In Figures 5.16 and 5.17 for yala
198 and maha 1937/1988, respectively. One can observe from these plots that
the adequacy of water along Bc2 as well as along DC2 has been brought out clearly
and was always equal to or greater than the requirement, except iIn #C10 and FC13
which received drainage water during yala 1989.

Although equity amonz the Field channels of the sample subsystem w== found
1o be within acceptable limits, there was a wide variation of water level In rice
fields in different areas as well as within the sare field (maximm +18 cm tO
minimum -50 ez), The wide variation within and between the tumout areas iIs an
indication of ineffective water distribution by the farmers in the field chanrel
tumout areas. ¢ne OfF the operational assunptions of the design of the turmout
area iIs that the farmers in any given field channel form a cohesive group to
share the entire flov In the field channel among two farmers at a time during
the rotation interval. \\hile it is true that the Department 100 could not adhere
to a strict implementation OF rotation among Field channels, 1t wes also observed
that farmers did not adhere to any systematic sharing of the water delivered.
In fact, this was the first season in which we observed a pattem of farmer
interventions such as manipulating field channel and distributary gates and
cutting channel burds, This, and the high degree of water level fluctuation in
the Tields pinpoint the Importance of Improved management at the farm level to
avoid crop stress.

Water Delivery Ratio

The daily supply hydrographs indicate a high degree of overloading. As
indicated in Table 5.10, the highest degree of overloading has taken place In
DC2 during the yala 1989 and in FC10 during the maha 1987/1983,

Discussion

The water delivery system operation during maha 1987/1988 is a classic
example to show how the agency and the farmers behave when the supply of water
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Table 6.10. Water delivery ratioin BC 2 sub-system, tract &

BC2 DCcB8* DC2 DC5 FC® FC10 FC15 FC1t1 FC12 FC14 FC13

Design diecharge (US) 1300 20 170 170 28 28 29 28 a8 28 -
Peak discharge 1317 = 415 291 40 81 79 27 68 60 82
Maha 1987/68
Overload factor 1.01 = 244 171 143 288 284 096 242 2.13 -
Peak discharge 1772 40 326 222 37 47 27 44 44 48 78
Yaia 1989
Overload factor 19% 133 191 131 132 167 1.00 16% 115 1.17 -

* For yala 1989 FC 6 was used, notDC 8
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is abundant. During this season, 2¢2 was usad as a by-pass to send down excess
supply from the right bank main_canal. This resulted in unscheduled supply to
the sub-aystem under study, During the months of March and April in 1988, fairly
high rainfall (330 mm) led the to operate the system by reducing the
discharge to conserve water as well as to safeguard the nunds oOfF the channels
from breaching. Also, the storage position in the reservoir s=s comfortable
during this season. All these aspects corbined ther led to the farmers and
agency officials taking a relaxed attitude to their not introducing
rotational scheduling. Table 5.11 gives the irrigation water used during the
crop groving season of 13 weeks at branch canal, distributaries and fTield
channels levels, which is very much in excess of the designed deliveries. In
addition to abundance of water supply, there wsz a lack of supervision and
monitoring of operation by the Department staff because of thelr precccupation
In achieving the construction targets. There was no systematiC monitoring,
communication and feedback mechanism. The irrigation schedules prepared on the
basis of unrealistic values assumed for conveyance efficiency, seepage and
percolation values, and soil distribution within the tumout areas without
accounting for rainfall and reuse of drainage water resulted iIn either
oversupplied or undersupplied schedules.

The study of micro-variation OF flow In field channels In D2 iIndicates
that steady flow conditionsdo prevail for considerable zericds as long as there
is no Fluctuation of head In the parsnt canal or o interventionswith prevailing
%l‘(t}?] shggings or E)orm It also shows an Increasing tendency of flow Fluctuations

o tal.

The average loss rate InCC2 1S about 0.6 cUbIC meters per day per square
meter of wetted area which corresponds to a conveyance efficiency of about 71
percent. This is close O the recommended Value of 75 percent In the design
criteria of the Department but very much different from the 93 percent used by
the project < division In preparing the water delivery schedules.

After the 1987/1988 msha season, selected farmers whom we met did not
complain of water shortages except for two specific instances which were
mentioned earlier. Some tail-enders complained that they did not receive their
due share from the field chanrel most OF the time, but they did not have any
shortages as they were able to tap seepage and drainage water to feed a major
part of their allotments. Though FC3 had been the most undersupplied out of all
field channels, farmers did not complain of any water shortage because of the
seepage water from B2, From the farmers’ point of view, the adequacy or
availability of water during the season was satisfactory.

The main constraint to proper operation during the yala 1989 season
resulted from the hasty decision taken by the farmers to start the season, even
before the previous maha Season In some areas was over. The enviroment and the
process in which this decision was arrived at inply: 1) the famers' lack of
understanding of the Importance of pre-seasonal maintenance both by the
department and themselves; 2) the lack of communication among farmer
representatives - farmsrs - Hrrigation Department officials; 3) the farmers®
reluctance to go in for ather field crops as envisaged iIn the project design due
to various constraints faced by them; and 4) the mnability on the part of the
agencies to convince the farmers to grow other field crops in yala, due to lack
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Table 5.11. Total water use in BC2 sub-system in right bank tract 5.

8¢ (]9] ne B
Maha 1980/80 | Yaln 1989 Maha 108708 | vals 1909 Mahs 1987/58 | Vala 1069 Mahe 1087/8¢ |  Yaln 1889

Target®  Usec | wpet*  Used | wrget® Used | rget'  Used Target* Used | wget* Used | wget* Ussd | rget® Used

Land Preperation (mm) - 5% TR - -| 40 gas - - M“5 @ - - ae2  wma4
L4

Crop Growth {(mm) 1274 1188 | 1566 1974 1407 1254 | 1190 2408 1263 1784 | 1182 1790 | 4D7  1PME | 1177 1662
Tatal (mm) - 2181 2637 - -| 180 2200 - - | ez 2812 - -| 1610 zxw
Land Preperation (Acft. - 106 237 - -] 147 29 - - 148 2.7 - - 146 179
Crop Growth (Acft/Ac) | 418 3.83 82 6.47| 4861 444 39 789} 414 585 388 507 - 412 3% 545
Toka! {Ack/Ac) - 745 888 - -| 837 1w - -| s34 867 - -| 531 723

* means FC 8 was used in yala 1988, nct DC 8.
- means data not available.

means target values have been computed on the basis of irrigation schedules prepared by the irrigati
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of technical know how and other institutional and management constraints yet to
be solved. The low reservoir storage at the start of the season coupled with
the decision to grow rice iIn right k tracts 2 and 5 forced the Irrigation
Department to be cautious in distribution and allocation of water from the
beginning of the season in order to avert the risk of water scarcity during the
tail-end of the season. The sudden on-set of the cultivation season together
with the limited availability of water resulted in an uneven supply of water
due to the attempts of the water management unit of the Department to match the
supply to the actual requirement in a sensibleway. The release of water, taking
iInto sccount. the rainfall and the essential maintenance requirements of some
distributaries, led to closing and opening of the canals at times. In general,
the IrrigationDepartment succeeded In the attempt to economize on water use and
in the effort to distribute and manage the limited resource of water to a
satisfactory level from the point of view of adequacy and equity.

The total rainfall during the season (215 nun) was more than the 80 percent
probability of esxceedance value at Tissamaharama. 1t was observed that the
rainfall wvas effectively utilized for crop growth iIn the season by cutting down
the supply whenever there was a rainfall. The limited availability of the water
was a plus factor for the Irrigation Department to exercise more care iIn
utilizing the rainfall for crop growth, as against the previous mid-maha season
which was blessed with an abundance of water availability.

The seepage and percolation value neasured In yala 1989 over the command
of DC2 1S about 8 mm/day on average. This is a significantly higher than the
values adopted (5.7 mn/day for RBEs and 3.0 mm/day for LHGs) for the design and
the preparation of irrigation schedules. The measured values are scattered over
a wide range. This wide variation of seepage and percolation values deserves
further iInvestigationand verification over the whole command area over several
cultivation seasons kefore one or more representative values can be adopted in
the models used for irrigation scheduling for rice. Presently, the seepage water
which is likely to re-emerge as drainage and ponding water in the lower fields
IS not being accounted for in the delivery, both iIn the scheduling and the real
time application. Nevertheless, it is difficult to account for the reuse of
water accurately, due to the difficulty In understanding the wprocesses and
magnitudes associated with the re-emergence of seepage water. ©Cne way of
accounting for drainage reuse is to apply a correction factor for some of the
parareters like seepage and percolation and conveyance efficiencies.

The time required for a typical farmer to complete the various farming
activities during land preparation and the actual use of water for land soaking
and puddling are some areas not adequately addressed iIn previous irrigation
management research. our study and analysis of the land preparation period and
the 1rrigation water requirements In Kirindi Oya as well as iIn Uda Walawe
irrigation projects confirm this. While accepting that the assumptions made In
the design for the land preparation period are not expected to be realized
exactly, a proper understanding of the reality of land preparation as affected
by socin-economic Factors would be necessary to develop an irrigation schedule
which matches the actual requirementsof irrigation. It is thereforeworthwhile
to monitor these variables In the command OF Kirindi Cya over a few seasons, in
order to further refine the model adopted for the determination of irrigation
requirements for any given yala or maha season.
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The predictability of supply during the season was not up to the levels
by the farmers, with respect to the closing and opening of the
dlstrlbutary canal gates as per the schedule. However, the Irrigation Department
had to deviate from the schedule it prepared at the beginning of the season In
order to: 1) conserve the limited water; 2) match the operation to the actual
rate of progress attained by the fanmners due to initial delay iIn land
preparation; 3) capture the maximum possible rainfall to supplement the delivery:
and 4) upgrade the canals by carrying out rapid maintenance work after the
commencement of water releases.

IT one assesses the adequacy of supply strictly based on the actual and
critical r¥s values, then the overall supply to the farmers during the season
was not adequate. An inherent wealmess of the RWS methodology In assessing the
adequacy of supply is that it fails to account for 1) reuse of drainage water
and 2) residual water iIn the rice fields after it rains that can still supplement
a part of the crop water requirements in the subsequent weeks. As observed
during the season, not many complaints were heard from the farmers on the
inadequacy of supply by the system. This means, though the computed RWS values
are loner than the critical values most of the time, the operation by Irrigation
Department attempted to take Into account the drainage reuse and effective
rainfall, in a practical sense. This suggests that CWEWS 1S a better parameter
for assessing system performance than simple RW3,

As far as equity is concermed, the head-end canals of the sanple subsystem
received more water as against the middle and tail counterparts. However, there
was no great inequity between middle and tail as well as among the field channels
of the iIntensive sample (DC2), except for FCl0 and FC13. These two field
channels had the benefit of using the drainage water for the cultivation of a
part of their coomand areas. Had a correction factor been applied in the RWS
computations to account for the actual area benefitted by the irrigation supply
from the canal system or the actual area benefitted by the drzinage water, then
the actual RWS value would have been very much higher.

It 1s encouraging to observe that the water management division of the
Kirindi Oya project has prepared a plan to operate the different parts of the
system In such a way that the loner parts are benefitted by the drainage retum
Flow from the upper parts. While this iIs considered necessary for the long term
develogment OF the potential area by optimising water use, 1t iIs equally
necessary to utilize efficiently the drainage water generated by the upper parts
of the subsystems In the lower parts whenever possible. It Is necessary to
delineate the areas which receive drainage water and to quantify such water In
order to prepare more realistic water delivery schedules.

Though the equity among the fTield channels of the sample subsystem was
found to be within acceptable limits, yet there Is a wide variation of water
level in the rice fields in the different areas, well within the fields (maximum
+13 cm to minimun -50 acn). This indicates that the field lewel. distribution by
the farmers i1s not being carried ut effectively. One of the operational
assumptions of the design of the field channel tumout areas is that the farmers
in any given field canal will form a unified group to share the entire flow_in
the field canal among two farmers at a time during the rotation interval. While

highlighting the fact that IrrigationDepartment oo could not adhere to a strict
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implementation of rotation among field channels, 1t :as also observed that
farmers did not adhere to any systematic sharing of water delivered by the field
channels. The high degree of water level fluctuation in rice Tields pinpoints
the 1mportance of improved management at the farm level in order to avoid crop
stress. The weakness of field channel groups is also discussed In chapter 3.

RESEARCH QUESTIONS AND RECOMMENDATIONS
Irrigation System Objectives

Irrigation development in 5ri Lanka until recently has been focussing on
the construction of major new Irrigation schemes with the primary objective of
increasing focd production, achieving self- sufficiency iIn rice production and
providing employment through settlement of landless people. Higher rice
production in recent years, mainly as a result of iIncreased irrigated area and
higher yields obtained by farmers through higher input use, has brought Sri Lanka
closer to self-sufficiency iIn rice, though recently there have been some
sethacks. The recent realization that water availability during the dry season
is limited and water is used inefficiently inareas with soils not suited to rice
production have led the Govermment to embark upon a policy of encouraging
diversification Into subsidiary focd crop production In irrigated systems,
Improved manags=ment. OF Irrigation systems in general and efficient management
of 1rrigation systems for crop diversification In particular, are thus a high
priority in the agricultural dsvalopment Strategy of the Government.

Ever since the Kirindi Oya project started functioning in 1986, only
irrigated rice has been grom in the project area with very small areas al located
for non-rice crops. The farmers and agency officials seem to accept rice
cultivation as the desirable cropping pattem during both the yala and the maha
seasons and do not consider altermative scenarios, such as the one progosad by
the water management consultants, as practical, or at l=ast worth a serious
trial. From the farmers® point of view, rice gives a fairly good yield (3.5 t
5 tons/ha) , IS comparatively risk free, Is less labor and capital intensive, and
provides the staple food. ¢n the other hand they are not sure of having a good
market, credit, insurance and making higher profit out of other crops.
Therefore, they are interested in growing only rice during both the seasons iIn
spite of 1ts large water consumption. Moreover, water dees not cost them, they
get it almost free of charge. Therefore, thelr concern iIs not with respect to
water consumption of rice.

A far more significant factor lies in the way the project IS managed, A
number of departments are presentlyinvolvedin implensnting different activities
of the project. There is no single department which has the responsibility for
achieving the overall projectobjectives, or especially, for implementing along
term agricultural production plan, Consider, for example, the roles and
functions of the Irrigation Department which is the major dspartment 1nvolved
INn managing the project. Its job is to deliver water, within the constraints
imposed by water availability, finance, the physical condition of the system,
etc. It responds to farmers®™ demands, to the extent possible. Other agencies
have their own specified technical functions. But no single agency is
reaponsible for achieving the long term objectives of the project.
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Presently the Irrigation Department caters to short term objectives of
providing water for rice in a few tracts, on an ad hoc tract-wise rotating basis,
depending on the water iIn the resenvoir at any given time, but with the old
Ellegala system always getting sufficient water for zrowing rice for two seasons
per year. This satisfies farmers’ short term interests, as they wish to grow
rice, and it is also easy for the agencies as they know how to support rice
production. The end result of the above type of system management is that the
system as a whole is not able to get Into a seasonal rotation i.e., maha~yala~
maha and cannot raise other crops as contemplated In the project design.

The above statement is validated by the operation of the system during the
yala 1989. Because the reservoir wzs emnptied to support the yala 1989 rice crop,
the old area and only two tracts iIn the new area were able have an irrigated maha
rice crop. Therefore, the ultimate objective of irrigati% the wholle project
area of 12,900 ha under phases I and I with diversified crops could not
be achieved and may not be achieved at all if the present practice continues.
We feel that a radical change iIn the system operation is required. The first
and the foremost question to be answered is what is the ultimate extent of area
to be mrrigated under the Kirindi Oya project in view of the changsd estimation
of water availability and the present water use pattem? The second question
is what should be the water allocation between the old and the new area which
will then lead to choosing a proper cropping pattem? The third question to be
answered is what iInstitutional and organizational changes are required to
implement the solutions with farmers’ participation? Some suggestions are
presented iIn the following paragraphs.

Water Delivery Performance

The research carried out by 1IMI In the B2 subsystem has provided certain
tasic operational parameters and has brought out the need and potential for
improving the water delivery performance of the Kirindi Oya project. In
analyzing the results at subsystem level, the concepts of reliability, adequacy
and equity of water supply were introduced using cunulative w=ckly water supply
{Cwrs) and water delivery performance ratio as parareters which were satisfactory
and adequate for the purpose. The salient research findings are as follows.

1. The 1rrigation water use per season during the two seasons of rice
cultivation was far In excess of what has been generally allowed for
in the design. The water used per season varied between 2.0 t 2.5
m/ha at the branch canal tumout against the normal ly al loned figure
of 1.20 to 1.3 m/ha. Considerable potential exists for water saving.

2. The performance of the system appears to be directly related to the
water availability in the system. Inmaha 1987/1988 when water was
abundant, iIts use w=s much higher than in yala 1989 which was a
relatively water deficit season. When water IS aburdant, the
tendency for officials and farmers is t relax; no rotation was
implemented, management input became less, and irrigation water use
increased.
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3. There exists a great potential for improving the water delivery
performance with active involvement of the system managers including
the farmers in actual operation of the system. The formation of a
separate Q& division under a senior Irrigation engineer with more
powers and Its active interaction with the fanners and field visits
had considerably improved the operational performance of the system
during the yala 1989.

4. Some of the operational parareters such as canal efficiencies,
seepage and percolation losses, ete, measured in the field are much
high than what has been used for preparing the irrigation schedule
and therefore, they need to be reappraised.

5. The water used for land soaking and greparation was very higher and
varied between 6380 to 1180 mm. Also, the land preparation period
extended up to a period of 2 months. There exists a great potential
for water saving during this gericd with close interaction of the
agency officials and the farming community, with a monitoring and
Teedback mechanism.

6. The fanners did not adopt rotation for appc?/lng water to their fields
as envisaged In the design. Forming and sustaining water users’
groups within field channel turmout 1Is necessary to distribute the
water more equitably ad to operate and maintain the field channels.

In addition to the above findings relating to the subsystem level, there
are certain macro-issues at the project and national level which appear to affect
the performance of the system. The followving dominant issues which have a
bearing on water delivery performance are briefly discussed and possible further
studies or solutions are recommended (See chapters 2 and 3 as well).

Water resources potential of the basin;

Water allocation between the old and new system;
Crop diversification;

Water management; and

Project management.

a. Water resources potential of the basin. As has been indicated In chapter
2 the present estimation of reservoir inflov appears to be on the high side by
at least 30 to 40 percent of the estimated design inflov into the resenvoir.
The long term rainfall analysis indicates that there iIs a decline of rainfall
at the average rate of 4.5 mm/y=ar In the catchment area. Upstream development
of water use within the catchment area is likely to have a greater impact on the
water availability in the coming years. Therefore, the hydrology of the basin
and the present upstream water use have to be studied systematically since the
success of the project depends to a great extent on the accurate estimation of
reservoir inflow and 1ts distribution.

0aooe

It is recomended that adequate rain gauges (both recording and non-
recording) be installed In the catchment area to systematically collect rainfall
data. Reliable flow measurement data at the newly established gauging station
at Tanamalwila are also be collected. These reliable measurements shoulld be used




140

to update and revise the Inflowv series and arrive at dspendable Flow for
reservoir operations. We have also rscomm=nded that the hydrology section of
the basin be made directly answerable to the operation and maintenance (i)
division of the Kirindi 0ya project (chapter 3). Necessary wireless
comminication should be established between the &t division and the hydrology
section.

b. Water allocation between the old and new subsystems. The water allocation
between the old Ellegala system and the new area iIs now decided based on the
water use prior to the construction of the dam. Presently, 1rrespective of the
storage position in the reservoir, the old area gets water for cultivating two
rice crops, leaving very little water for the new area especially during sub-
normal and drought years. A well defined policy for water release from the
reservoir which takes iInto account allocation between the seasons, time of
release, and the patterm of rotation between the tracts In czse of short fall
IS needed.

It i1s recomended that the water allocation and release pattem for the
old and new areas be studiedwith updated inflow seriesconsidering the available
water iIn sto at the old tanks, water requirements for the proposed c i
pattem, and%tional water that can be auegmented from souroeg such as rar?pn?aw
run off and receipt of drainage water from the upper tracts. For this purpose,
a water balance study of the old Ellegala system should be undsrtaken for
estimating the additional inflov required from the reservoir. This study hes
not been attempted by the present water managsment consultants group.

C- Crop _diversification. In view of the water scarcity existing iIn the
project area, there is an urgent need to switch over fron the present rice
cultivation to other field aops. Growing other crops requires devalopmant OF
a sustainable markst, remunerative prices for the produce, eredit and crop
insurance facilities, and storage and transportation. In addition, the
introduction of other crops has to be done more carefully and in a phased manner
in view of water scheduling problem associated with field channels having LHG
and EBE soils, and design limitations in water distribution for the mixed
cropping pattem proposed. It iIs recomended that other crops be 1ntmduced in
the project iIn a phased manner, tract by tract, with provision of good extension
and other infrastructural services. Intrecduction Of other «rops INn the project
area must be a leaming process for iIts succesz as far as water management is
concermed. The long term objective of achieving a 100 percent diversified
ocropping pattem needs a well defined strategy with commitmsnt from both the
project authorities and the Govermment.

d. Water menagemenit. Presently In the Kirindi ¢va project, irrigated rice
uses roughly twice the water budgeted. Most of this excess water is used during
the land szcaking and land preparation period. It is possible that by proper
water management and better water control, the operational efficiency of the
system can be increased considerably and water use can be cut down during the
land soaking and land preparation period. For this a close monitoring and
supervision of the agency fTield level officials during the land preparation
operation at the field level is required. The institutional aspects relating

to water management and project management are dealt undsr chapter 3.

)
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~Figure 5.02. Ralnfall & Evapotranspiration
RB Tract 6
Maha 1987/88
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Figure 5.03, Rainfall & Evapotranspiration
RB Tract 6
Yala 1989
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Figure 5,10, Water Table Fluctuation
RB Tract 6 - FC 12 - tail end allotment
Maha 1987/88,

Water table from the ground level (om.)
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Figure 5.11, Gonveyance Losses in DC 2
RB Tract 06
Msha 1987/88
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Figure 5.12, Half hourly Fluctuation
RB Tract 6
Maha 1987/88
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CHAPTER VI

RICX AND NON-RICE CROP PRODUCTION IN KIRINDI OYA:
A STUDY ON SYSTEM PERFORMANCE AND
CROP DIVERSIFICATICHN

INTRODUCTION

The economiics component of this project has two major objectives: to assess
irrigation system performance through the performance of irrigated agriculture
in the system; and to analyze, mainly based on data from on-farm experiments,
the relative profitability of non-rice crops that could be grown by farmers.

Since the first=ter issue in the 1986 yala season, there have been five
cropping seasons in the Kirindi Oya system, of which the last three seasons,
L.e., 1987/1988 maha, 1988/1989 maha, and 1989 yala, have been covered in this
research project. Throughout all these seasons rice has been the major crop
grown by the farmers. In spite of the intention for the Kirindi Cya system to
be a diversified-cropping system, non-rice crops have virtually not been planted
at all so far by the farmers, except the non-rice crop demonstrations organized
by the Department OF Agriculture, and sporadic cases in which farmers on their
owmn planted by themselves some non-rice crops to a limited extent. Yala 1990
constitutes only a partial exception to this statement (see chapter 7).

Given such a situation, the analysis of irrigated agriculture is largely
limited to rice production in the system. In this report, we first examine the
agro-economic performance of rice production. As far as possible, attention is
paid to such conditions as factor markets that would have an important influence
on successful crop diversification In the study area.

Although on-farm experiments on non-rice crops have not been conducted so
far, the data to attain the second objective of analyzing relative profitability
of non-rice crops were obtained from the demonstration program on non-rice crops
of the Department of Agriculture. In the following section, we present the
results of demonstration trials conducted by some of system farmers in the 1989
yala season, together with some other available data on non-rice crop production
under irrigated conditions in Sri Lanka.

Given the data on production of rice and non-rice crops In the system, we
try in the last section to simulate possible changes In the system™s i1ncome
generating performance, azsuming different scenarios as to cropping pattern and
cropping intensity In the system.

Samples and Data Collected

The necessary data to attain the first objective were collected from the
sample allotments i.nthe subsystem under study, right bank branch canal (BC) 2,
tract 5. Of the eight distributary canals iIn tract 5, DC 2 IS the sample
distributary wherein our iIntensive monitoring of hydraulic: performance was
carried out. Forty percent of population allotments In X2 area were drawn as
the sample for data collection, after stratifying the population according to
location along the distributary and soil type (Table6.01). In addition to X2,
located at the middle portion along B 2, sampleswere dram, with lower sampling
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ratios, from allotments in bC8 and E5, in order to have a more general idea on
farming iIn the sample sub-system as a whole. D3 represents the head-end
distributary canal along the branch canal and E 5 represents the tail-end. It
should be noted that iIn the second and third seasons under study the data were
collected from only a part of the sample fammers because of the security
situation prevailing in the study area during that time: the total number of
sample farmers from whom we were able to collect the data wes 32 iIn the 1988/1989
maha and 55 iIn the 1989 yala season.

The following are the major items for which data were collected under this
module.

1. Basic characteristics on the allotments and cultivating famers, such as:
a) drainage water use,
b) channel route from distributary to allotment,,
<} area cultivated other than the sample allotment,

d) tenure status, and
e) the extent affected by salinity problems in the last season.

2. Basic data which are necessary to estimate costs and retumns of rice
production, i.=,, data on output and inputs for rice production, and on
prices involved.

3. Data on farming practices, such as dates of land preparation and planting,
and frequency of fertilizer application.

4. Data on output disposal and credit.

Aside from the data collection for the sampie allotments, crop-cut surveys
were conducted for the sample allotments In DC2 (except 1987/1988 maha when the
crop-cut. survey was made for all the allotments under this distributary), E 5
and pcg.  Although each allotment in this system is designed to be a one-hectare
paddy field, actual area varies from allotment to allotment. Therefore, area
surveys were made for all allotments that underwent the crop-cut survey.

as Tor non-rice crops under the demonstration, data were collected from
fifteen farmers who joined the demonstration in the 1989 yala season. The same
set of data as for rice ws obtained for each non-rice crop grown by the fanners.

An area survey was made for each crop, but cropcut survey was not conducted for
non-rice crops.

RICE FARMING IN STUDY AREA AS OOMPARED TO SOME OTHER REGIONS

First, let us observe briefly how rice farming in the study area compares
with that of other regions in Sri Lanka. Some indicators related to rice
production in the 1986/1987 maha and the 1986 yala seasons are summarized iIn
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Tables 6.02 and 6.03, respectively, for selected regions, together with the
summary results of our Kirindi Oya data. The data for these regions are from
cost~production sample surveys of agricultural crops conductedbythe pegartment
of Agriculture.

As iswell known, there are two distinct agro-climatic zones in Sri Lanka;
the wet zone and the dry zone. ameng the regions shown in the tables, Kegalle
belongs to the wet zone, Matale and Kurunegala to the wet-dry intermediate zone,
and the other three regions to the dry zone. The tables reveal some interesting
differences iIn rice production not only between the wet and dry zones but also
between regions in the dry zone.

In the case of the 1986/87 maha season, all regions, except Kegalle,
commonly recorded rice yields per hectare of more than 4 tons. It was 4.3 tons
in Hambantota, the sample of which Includes Kirindi Oya study area. For the 1986
yala, the northern dry zone regions recorded 3-3.5 tons, hut. the southern dry
zone regions recordaed yields of more than 4 tons.

Heavy application of fertilizers, which would be an Important explanatory
variable for the high yield of rice, also commonly characterizes rice farming
in the regions. The level of nitrogen use was as high as 80-120 kg per hectare.
Although the level of usage differed, probably depending on the degree of pest.-
insect outbreak, farmers in all regions applied pesticides. Other farming
practices, however, show some zonal or regional differences. For instance,
transplanting is the major method of crop establishment in the wet zone, whereas
It is broadcasting, even in the maha season, In the dry zone. The dry zone
farmers commonly use herbicides and are less dependent on manual weeding, while
weeds are controlled in the wet zone mainly by manual labor without using
herbicides.

The factor payment to fixed capital services also differs between the wet
zone and dry zones; 1t is higher in the latter than in the former. This
difference i1s due mainly to the difference iIn fixed capital used for land
preparation and post-harvest operations between the two zones. The wet zone
farmers use draft animals as the principal power source, while their dry zone
counterparts are more dependent on the 2- or 4-wheel tractor.

Above all, the most striking differences are found in labor Intensity and
sources of labor. The total labor use in terms of labor days per hectare wss
as high as 226 in Kegalle and 188 iIn Kurunegala in the maha season, while 1t was
as low as 82 in maha and 88 in yala in Hambantota. There is a clear tendency
that labor intensity is high In the wet zone and low in the dry zone. Even
within the dry zone, rice farmming in the northerm part (Kalawewa) seems to be
more labor intensive than in the southern part (Uda Walawe and Hamtantota), As
a result, the regional difference in labor productivity iIs much more pronounced
than that of land productivity. The regional differences iIn the sources of
labor, i.e., family and hired labor, follow a similar pattermn; the dependence
on hired labor is least iIn the wet zone, intermediate In the northern dry zone,
and most in the southern dry zone.

_ To some extent, the difference in_labor intensity of rice production among
regions could be explained by agro-climatic factors. There would be certain
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agro-climatic advantages for the wet zone fanners to adopt such techniques as
transplanting, manual weeding, and animal land preparation, all ofwhich are more
labor intensive farming methods than those adopted by the dry zone fanners.

A more important factor, however, seers to be the scarcity of labor.
Although, generally speaking, the wage rate levels in rice fanning iIn these
regions are all low, there are considerable wage differences smong the regions
as shown In Tables 6.02 and 6.03. There is a close negative correlation between
the level of wage rate and the level of labor intensity across regions,
suggesting that the labor intensity is determined largely by the scarcity of
labor which is reflected by the wage rate.

It is more difficult to ascertain reasons behind the regional differences
in the sources of labor for rice production. The size of cultivation could be
one explanatory factor. It is a universal phenomenon that, ceteris paribus, the
larger the farmm size, the higher the dependence on hired labor. Among the
regions listed in the table, this trend is clearly observed. The different
patterns in family versus hired labor use among the regions, however, appear to
be beyond the difference in farm size. More decisive factors must be sought in
the structural differences of rural society In which rice farming is being
practiced.

Whatever the reasons, these differences in labor scarcity and sources of
labor should have important implications for irrigation management and crop
diversification in the study area. At least, three implications can be pointed
out immediately. FIrst, being iIn the high wage region, non-rice crops to be
introduced in the study area for crop diversification should not be toc labor
intensive, or, more accurately, they should be able to generate returns to labor
as high as those generated in rice production.

Second, the study area belongs to the region where the dependence on hired
labor in rice production is highest. More than 50 percent of the total labor
input is supplied by hired laborers who capture around 20 percent of total rice
output as their wages. This implies that there is a need to take these hired
laborers into account while diversifying crops away from rice. Unless due
consideration is given to them, their welfare position might deteriorate due to
crop diversification.

As 1s the case In rice production In other parts of Asia, the labor tasks
in which hired laborers are most popularly employed in the study area are crop
establishment, harvesting and post-harvesting activities. Unlike production
processes In industry, which can easily be standardized as iIn the factory system,
production processes In agriculture are difficult to standardize and require
personal judgments on infinite variations iIn plants, water and soil. Rice
production is not an exception, hut. the above tasks have a common: characteristic
of being relatively easy-to-standardize and easy-to-monitor. As a matter of
fact, crop care operations Such as fertilizer and chemical applications, which
require more specific decisions, are the labor tasks In rice production least
dependent on hired labor not only In the study area but in all rice growing
regions in Asia.
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Generally speaking, non-rice crops require more attention for crop care
than rice. It is therefore important that, while searching for suitable non-
rice crops for diversification, attention should be given to the crops whose
labor operations can be standardized as much as possible, in order to preserve
employment opportunities for hired laborers who in most cases belong to the
poorest and most wvulnerable section in the rural society.

Third, as a corollary of the second point, It IS necessary for the system
management to take hired laborers into account, both as the beneficiaries of the
Irrigation system and as the subjects of system maintenance. The fanners are
only one of the agents whom the system management should deal with. As shown
in Tables 6.02 and 6.03, rice farers In the study area receive about 50 percent
of the rice output as their Income. The ratio of farmers” income to hired
laborers” income was 5:2 iIn Hambantota in both the 1986/1987 maha and 1986 yala.

RICE PRODUCTION IN KIRINDI OYA

Having identified the regional characteristics of rice farming iIn the
study area, we observe iIn this section the rice production in Kirindi Oya 1in
more detail. It should be noted that, throughout this study, the yield data
used are those obtained from crop-cut surveys. It is generally the case that
crop—-cut survey yields are higher than those reported by the farmers, and this
iIs so for our data sets iIn which the former consistently give yields about 10
percent higher than the latter.

Yield Perforwance

The average rice yields per hectare obtained from the crop-cut survey are
shown in Table 6.04 for the three seasons studied by location in the system and
by soil type.

The average yield per hectare for the sample as a whole was 3,675 kg per
hectare in the 1987/1988 maha; 6,876 kg per hectare in the 1588/1889 maha; and
4,697 kg per hectare iIn the 1989 yala. Although yield variation scross seasons
IS rather high, i1t could be said that rice yield iIn the sample area has been on
an upward trend. Since the yield of the old irrigated area before the Kirindi
Oya phase one project used to be about 3.5-4.0 tons iIn the maha season and 2.6
tons in the yala season (ARTL 1988: 35), the new settlers in the system have
already caught up or even surpassed these levels. It sesems, moreover, that the
target yield levels assumed i1n the project appraisal, 4.5 tons for the maha and
4.8 tons for yala (ADB1982: 22), have already been attained by the farmers, at
least In tarms Of the average for the past three seasons.

There were differences in yield among different locations along the branch
and distributary canals. But, contrary to the popular expectation, the farmers
at the head-end of the branch canal as well as of the distributaries were not
always the ones who got the highest yield, and those at the tail-end were not
always the ones who got the lowest yield. In fact, the yield differences by
location were not statistically significant for either the branch canal or
distributaries in all the seasons studied, except for the location along the
branch canal iIn the 1987/1988 maha In which the head-end distributary farmers
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recorded average yields significantly lower than the middle and tail-end
distributary famers. There is a tendency that the better the drainage, the
higher the yield, though the yield difference is statistically significant only
in the 1987/1988 maha, As shown in Table 6.05 for ncz, the poorest yield in this
particular season was recorded in the poorly-drained sections of the tail-end
along the distributary, while the highest yield was recorded In the well-drained
allotments of the tail-end along the distributary.

All this suggests that water was not a limiting factor for rice production
in the last three seasons In the study system. The major water-related problem
for farmers was not how to get enough water to their fields but how to drain
excess water from the fields. In fact, the salinity due to water logging was
a serious problem for some farmers whose allotments were poorly drained, as shown
in the following section for the 1987/1988 maha Season.

The yield records thus support our findings in earlier chapters as to the
water delivery performance; the system delivered water to the branch canal and
the distributaryturnoutgates more than adequately. A resultof this oversupply
of #rrigation water was low productivity of water. Table 6.06 shows the rice
yield per unit of water for different locations of the sub-system under study
for the 1989 yala season in which the data on total water supply are available
by location. First, it should be noted iIn the table that the variation iIn the
level of water supplied does not explain the variation in the level of yield (the
simple correlation coefficient between yield per hectare and irrigation water
supplied 1s 0.317, but it is not statistically significant at all), which
confirms our statement that water was not a limiting factor in the rice
production.

In spite of impressively high levels of land preductivity ranging from
4.3 tons in the DC5 area to 5.3 tons in Fc3 which is located along D2, the
yields per one mm of water supplied are low, ranging from 1.32 kg iIn FCS to
2.71 kg in¥c13. If rainfall is taken into account, water productivity becomes
even lower. If we can assume that yield of the same level can be attained with
an available water supply on-farm of 1,500mm, the actual water productivity in
this season for the entire branch canal area was less than 50 percent of the
maximum water productivity attainable. In other words, nearly 50 percent of
irrigation water was wasted.

With rice as the crop to be grown, the Kirindi Oya system has developed

to a level comparable to other well-developed irrigation systems in the country,
as far as land productivity for a single season i1s concermed. As explained In

the following sections, however, this may not be a blessing for this water-short
system which IS supposed to be a diversified-cropping system, not a rice
monoculture system; once these farmers with access to abundant. water get used
to high productivity rice production, it wculd become difficult for them to get
out of it and shift to non-rice crops.

Farming Practices and Production Inputs

In this and following subsections, we observe the rice farming in Kirindi
Oya. In some detail, mainly based on the data for the 1987/1988 maha.
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The levels of mgjor iInputs per hectare are summarized in Table 6.07, by
distributary, by location, and by soil type. The level of labor use by operation
is given in Table 6.08. Similar to the yield level, the pattern of iInput use
ahows Some variation among distributaries, location along the distributaries,

and soil types.

In the 1987/1988 maha season, the water issue to right bank tract 5
commenced on 25 January 1988. The land preparation in the Dc2 area ended by 1
March, including generally two times of plowing and a final land leveling
(harrowing). It ended by 9 March in the tail-end DC5 area. In spite of their
head-end location along the branch canal, the end date of land preparation for
many sample farms In the DC8 area was as late as the mid-March, the latest one
being 20 March. ©On the average of all samples, 54 labor days per hectare were
spent for this operation. Considering the fact that all farmers used tractors
for plowing, this level of labor input seems to be too high. This is due partly
to the long fallow that preceded this maha season caused by the serious drought
in 1987. The tractor land preparation is mostly done as custom work, since very
few farmers omn a tractor. 4s a result, nearly 50 percent of labor for this
operation was supplied by hired laborers. Among the strata for distributary and
soil type, o3 farmers and farmers cultivating the poorly drained soil used
significantly less labor for land preparation.

Before or right after the water issue, the farmers spent about 2 days
clearing weeds along their field channels. It is interesting to note that the
tail-enders along the distributaries worked significantly longer hours than
others for clearing weeds. This work was mainly done by family labor or the fam
operator himself, but some fanners hired laborers even for this purpose.

Immediately after the land leveling, seeds were sown by broadcasting
method. The seeding rate was, on the total average, 131 kg per hectare, which
was about 30 kz higher than the seeding rate by the transplanting method (see
Tables 6.02and 6.03). The labor requirement for crop establishment was 14 labor
days, more than 60 percent of which was from hired labor.

Fertilizer use by the sample farmers in this season was lower than by
Department of Agriculture, Hambantota sample farmers in the 1986/1987 msha
season. The nitrogen and potassium inputs per hectare were still as much as 82
kg and 30 kg, respectively, on the average. In the case of phosphorus, however,
the fertilizing rate of our sample was just one half of the level of the
Hambantota sample.

Typically, the farmers in Kirindi Oya apply fertilizers three times; once
as basal, usually v fertilizer just before sowing, and twice as top dressing,
usual ly urea about three weeks after sowing and TDM about one month after sowing.
Some farmers add one more top dressing. As a result, the total average frequency
for fertilizer application was 3.3 times. The farmers in the DC5 area applied
significantlymore P and K with siznificantly more frequency of application than
the farmers iIn other sample distributaries. Compared to the farmers cultivating
the well drained allotments, the frequency of fertilizer application of those
cultivating the poorly drained allotments wes significantly less.
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Weed control in the study area is done by herbicide application and hand
weeding. IT herbicide is used, it is usually applied only once as post-emergence
weed control, about one month after sowing. Though many farmers adopt both
methods, the two methods of weed control are obviously altermative In nature:
the more herbicide is used, the less the manual weeding labor, and vice versa.
The DC5 farmers and the farmers cultivating the poorly drained allotments have
a clear tendency to resort more to herbicide.

On the average, the sample farmers applied pesticide 4.5 times, for a total
application of 927 rupees per hectare, which was slightly more than the
application for fertilizer. Aside from scheduled spraying within a few weeks
after sowing, many fanners had to apply pesticides even at the later stage of
plant growth in May and June. Among the fanners in different categories, the
fanners in the D3B8 area, those cultivating the tail-end allotments, and those
cultivating the poorly drained allotments applied a relatively lower amount of

pesticides.

The crop care labor as a whole, including fertilizer application, weed
control and pesticide spraying, totaled 17 labor days per hectare on the average,
nearly 80 percent of which wes carried out by family labor. Depending on the
methods adopted for weed control and on frequency of chemical applications,
however, the amount of labor used for this task varies significantly among strata
In each category; the farmers iIn the DC2 area, those cultivating the allotments
at the middle portion along the distributaries, and those cultivating well
drained allotments used more crop care labor than other respective counterparts.

As opposed to crop care labor, nearly 80 percent of harvesting and post-
harvesting labor work wes done by hired labor. As expected, not much variance
IS observed across strata and categories as far as the total labor days for these
activities are concerned.

As for the labor use for rice production in general, the following points
are worth noting. First, of the total labor use, 39 percent was from family
labor, 6 percent from exchange labor, and 55 percent from hired labor, on the
average for the total sample. Though the share of exchange labor was relatively
high for such farm tasks as crop establishment and harvesting and gost-harvest,
altogether the labor exchange tradition in rice farming is of less importance
In the study area. Second, in terms of labor use, the DC8 farmers reveal a
remarkable difference from those iIn other distributaries. They did not use
exchange labor at all. Moreover, their dependence on hired labor was
significantly higher; of the total of 112 labor days, 87 days were supplied by
hired laborers, whereas only 26 labor days were utilized out of their oan labor.
Such a distinct pattern of labor use iIn the D33 area suggests that the rural
society to which the DB farmers te=long has characteristics very different from
those In the other sample distributaries.

The fixed capital services the farmers iIn the study area employ are those
derived from the 2- or 4-wheel tractors used for lad %’eparation ad “post-
harvest operations. As explained earlier, these services for most of the farmers
take the fonn of custom service contracted based on area. Usually, the payment

for such a contract includes not only the payment, for the tractor itself but the
wages for tractor operators and the cost of fuel for running the tractor. The
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value of fixed capital services shown in Table 6.07 is the pure tractor rental
per hectare after deducting the wages and the fuel cost by using the respective
market rates. For the farmerswho used theilr own tractor, its service is imputed
at the market rental rates. The use of fixed capital thus estimated shows
remarkable uniformity across the strata for all the categories examined, except
for the Dc8 fanners who used it significantly more than others.

As explained so far, there were some differences in the pattern of input
uses among the allotments in different strata of the categories examined.
Attempts were made to test IT these differences could be supported statistically
after controlling other factors. The tests were made through regression analyses
in which the level of a certain input per hectare ws regressed on a set of
factors; distributary, location, soil type, tenancy, and salinity. If all
independent variables are dummy variables, this is nothing but performing the
analysis of variance. Here, all factors are defined as dummy variables, except
salinity which is defined both as a dummy and as a continuous variable showing
the percentage of area affected by salinity in an allotment. The results are
summarized N Table 6.09. Note that an intercept in the table shows the average
of dependent variable for the allotments having all of the following
characteristics: 02, head-end, well-drained, free of salinity, and tenant-
operated. The following points are confirmed:

1. Seeding rate was higher, other factors being equal, for the farmers iIn
the DC5 and Dc8 areas.

2. Fertilizer use, as the total value of all kind of fertilizers, wes higher
for the Dc5 and DC8 farmers, and the incidence of salinity lowered it.
In terms OF nutrient element, the levels of nitrogen and phosphorus were
higher in Dc5 and 1cg, and lower on the poorly drained allotments.

3. The farmers cultivating poorly drained allotments used more herbicide.

4, Pesticide application was less for the Dc8 farmers and those cultivating
the poorly drained allotments.

5. The farmers cultivating poorly drained allotments used less labor. The
owner operators used more Mlabor than the tenant farmers, whether
leaseholder or sharecropper.

6. The total cost of rice production defined as the total factor payments
did not show any factor-specific effect.

Factors Affecting Rice Yield

It was suggested in Table 6.05 that the rice yield on tail-end allotments
along the distributariesand on goorly drainsd allotments was significantly loner
than that of other allotments. To test whether this fact IS retained after
controlling other factors, regression analyses similar to the Input regressions
in the previous sub-section were attempted. The results are summarized in
Table 6.10.
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The Tirst two equations are estimated using the yield data on all
allotments for which the crop-cut survey was conducted, i.e., all allotments iIn
the DC2 area and the sample allotments in DC5 and DC8. Regression 1 confirms
that the yield of poorly drained allotments was significantly lower than other
allotments even after the distributary and distributary-location factors are
controlled. It also shows that the yield of DC5 allotments was higher than
others. The location factors do not show any significant inpact on the yield.

Regression 2 i1n which the salinity dummy is included reveals that the
incidence of salinity lowered rice yield by about 800 kg per hectare. The
coefficient of poorly-drained dummy is still negative and significant. This
implies that, aside from the salinity problem that occurred exclusively on poorly
drained allotments, the poorly drained allotments had certain factors that caused
the low yield.

The last two equations are estimated with the data obtained from the sample
allotments. Regression 3 shows that, although the coefficient of DC5 dummy turns
out to be iInsignificant, essentially the same structure as In Regression 2 is
detected in the data from the sample. In Regression 4, tenancy dummy and input
variables are added in the linear form. The production inputs are divided into
the major nutrient elements of fertilizers and the non-fertilizer cost. The
addition of Inputs makes the coefficient of poorly-drained dummy insignificant.
Salinity dummy, however, remains significant.

These results suggest that the farmers cultivating the poorly drained
allotments reduced the levels of inputs accordingly In the course of the
production process, AS shown in Table 6.09, the level of input use on the poorly
drained allotments is significantly less for many production inputs examined.
In the case of salinity, since the problem arose in the later stage of production
process, iIts adverse effect on yield is picked up by the dummy variable even
after excluding the effect of differences in Input use.

In the same regression, the coefficient of DC8 dummy turns to be
significant, the sign being negative. This means that there are some factors
that explain the low yield of the allotments there other than the inputs and
other factors introducedin the regression. As observed in the previous section,
the timing of land preparation in the CC8 area delayed by more than one month.
This might have caused the low yield. Itwas also observed that the DC8 farmers
exhibited distinct characteristics in their input use pattern, particularly for
labor, which seemed to stem from their social structure. One of the unrsvealed
factors behind the d&umy variable could ke traits in their society. Or, more
specifically, it could be due to a relatively lower level of their rice growing
technology as a reflection of such traits.

At least, the following two implications are derived from the regression
results above: First, reflecting the fact that water wes generally abundant iIn
the this season, the head-tail problem was not serious at all for either the
branch canal or for the distributaries. As a matter of fact, the branch canal
head-enders, i.e., the vC3 farmers, attained significantly lower yield than
others, and the location factors along the distributaries revealed no yield
effect.
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Second, the problem was how to draln excess water. IT the system
management. could solve this drainage problem under abundant water supply, the
productivity of the systemwould be iIncreased through two routes; first, it iIs
increased directly by reducing the incidence of salinity, and second, It is
increased iIndirectly by letting the farmers cultivate the poorly drained
allotments and iIncrease their use of production Inputs.

Credit

Table 6.11 shows the sources of credit for farmers in the three study
seasons. In the 1987/1988 maha season, 80 percent of the fanners obtained loans
either from iInstitutional or fron informal sources, or from both. On the
average, the amounts borrowed per farmer from institutional and informal sources
were 3500 rupees and 2500 rupees, respectively, totaling 6000 rupees. The
interest rate of the institutional bank loan was 9 percent per year or 4.5
percent per season. OF the 2500 rupees from informal sources, more than 50
percent was interest-free, while the rest was with interest, the typical rate
of which was 120 percent per year or 60 percent per season.

In 1988/1989 maha season, while the percentage of borrowers increased
slightly to 84 percent, the amount borrowed per farmer became less than the
previous maha season; 2200 rupees from institutional and 1820 rupees from
informal sources. The decline in the amount borronved wes particularly large in
the case of iInstitutional loans, suggesting that the decline might have been due
to the unstable security situation which paralyzed for some time many social
activities iIncluding govermment and btank services iIn the study area.
Institutional loans per farmer declined even further in the 1989 yala season when
the unstable situation continued. However, the amount borroned from informal
sources was more or less the same across seasons. As a result, the share of
informal loans became more than twice as much as that of institutional loans In
the third season.

It 1s Interesting to note that, whatever the reason for the decline iIn
institutional loans in the last two seasons, it did not affect adversely to the
rice production in the system. As shown iIn the previous section, the yield
performance N rice production was much improved in the last two study seasons
as compared to the first one. Its economic performance, as will be shown iIn the
next section, was far better In these seasons. These facts suggest that the
credit constraint, if any, is not a serious problem In the system as far as rice
farming is concemed. It could be said that the availability of informal loans
IS rather good, which also suggests that modest credit needs of farmers could
be dealt with by the local financial market, rather than by the formal credit
system. Such experiences In credit In this system cast doubt on a popular
premise that farmers must be provided with formal credit systems through which
subsidized loans are channeled.

IT is difficult to divide these loans to the farmers into production and
consumption purposes. This is especially so In the case of informal loans, a
substantial part. of which would have been spent for consumption purposes. Even
a part of bank loans, which were made for production purposes in farming, could
have been diverted for consumption purposes. In the following section, we assume
that all loans were for production purposes in rice farming, and that they were
made at the beginning of this season.
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Econcmic Performance

There could be various indicators by which the economic performance of
agricultural production In an irrigation system is evaluated. Farmer’saverage
income from particular production, or as it is popularly called, the net returns
to farmers, is one of the possible indicators. A few indicators are showmn iIn
Table 6.12.

The first set of iIndicators iIs the factor payments and the operator’s
surplus iIn rice production. Viewed from one side, the factor payments are
nothing but the costs of production, counting all factor iInputs used In a
production process as factor costs. Factor inputs are either purchased iIn
respective factor markets or self-supplied within a farm. Self-supplied 1nputs
are valued at their opportunity costs. The difference between the gross revenue
and the total factor payments is, by definition, the profit, or the operator’s
surplus. Viewed from the other side, the factor payments are nothing but income
of owners of the factors. This applies in strict sense to two primary factors,
i.e,, labor and land, since payments for non-primary factors can further be
divided Into payments to primary and non-primary factors. The factor payments
as such In rice production are presented iIn the table. Production factors are
classified into four categories; current inputs, fixed capital, labor, and land,
Self-supplied inputs are valued at respective market prices which are listed In
Table 6.13.

The current inputs are such inputs as seeds, fertilizers and chemicals,
the value of which is transferred to the output and exhausted during a prcduction
cycle. The difference between the gross revenue and the current inputs is the
value added, Since the value added is the iIncome that iIs generated by a
production process and distributed among the owners of resources involved iIn the
production, this can be an iIndicator of economic performance of irrigated
agriculture and hence of the system.

The third indicator listed in Table 6.12 is the farmer’s income from rice
fanning. This iIndicator is derived from the factor payments. The labor
productivity of rice production is also shomn In the table as the fourth
indicator.

In Table 6.12, these iIndicators are shown for the three seasons studied.
In addition to the figures In nominal value term, those in real value terms are
also shown after deflating the nominal values by the rice (paddy)price at the
farm gate In each year. The averages over the three seasons are given in the
real terms.

Improvements in economic performance from the 1987/88 maha to the 1988/89
maha Were enormous; gross revenue, gross value added, and labor productivity
increased more than two times. In the case of farmers” income, the rate of
increase was nearly four times. In terms of current prices, the economic
performance of the 1989 yala ws as high as in the 1988/1989 maha, and far better
than In the 1987/1988 maha even In terms of paddy equivalent. Such improvements
were brought about by two factors: iIncrease in yield and changes in relative
prices between the output and Inputs.
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The increase In rice yield was substantial particularly in the 1988/1989
maha season; it increased by 80 percent from the 1987/1988 maha level. Since
this increase in yield ws attained without concurrent increases in inputs, it
resulted in large increases iIn gross value added and farmers” income. In
contrast, the increase in rice (unhusked, i.e., paddy) price relative to input
prices was more important contributor to better performance in the 1989 yala
season; It increased by 67 percent fron Rs 3.83/kg in the 1987/1988 maha tO Rs
6.40/kg in the 1989 yala (Table 6.13). All prices increassed substantially
between these two seasons, not only for rice output but for all production
inputs, but the rate of iIncrease was highest for rice. The impacts of this
change in rice price relative to Inputs can be observed in the reductions in
factor payments iIn terms of paddy equivalent from the 1987/1988 maha to the
1988/1989 maha, and further to the 1989 yala.

It should be noticed that the performance of rice farming In Kirindi Gya
is now one of the best among major rice growing regions in the country (see
Tables 6.02 and 6.03) . Compared to other productive rice growing regions, such
as Uda Walawe, Kalawewa, and Matale, the performance of rice production in the
Kirindi Ova 1987/1988 maha was lower in terms of gross value added and farmers’
incone per hectare. However, the performance iIn the last two seasons is more
or less comparable, or even better. If labor productivity is compared, Kirindi
Oya performed best. It can thus be said from these observations that, as far as
the performance in a single cropping season iIs concerned, the rice production
in Kirindi Oya has evolved very quickly fron a substandard level to one of the
best levels in the country.

NON-RICE crors FOR DIVERSIFICATION IN KIRINDI OYA

Thus far, we have summarized the results of our surveys on rice production
in the Kirindi Oya system. Since the first water issue in the 1986 yala season,
there have been five cropping seasons in Kirindi oya. Despite the intention to
make it a “non-rice’system, the system has so far been a “rice monoculture”
system; the farmers in the system have been planting rice in all five seasons,
and non-rice crop cuttivation has been nil.

It wes shown iIn the previous section that rice production in the system
has evolved to a stage which is comparable to the best standard In the country
in terms of economic performance. It should be noted, however, that cropping
intensity per year iIn the system has been low; on average for the past four
years, It was at best about 1.4 for the old area and 1.2 for the new area
developed under Phase | of the Kirindi Oya project (seechapter 2). Moreover,
another new area of roughlly same extent as the Phase | new area will be developed
under Phase II, and the entire command area, including this Phase IT new area,
will be irrigated with the same source of water now available. Unless the
cropping pattem in the system is switched fron rice monoculture to diversified
cropping with non-rice crops that require less water, cropping intensity per year
for the entire command area would become far less than 1.0.

Cropdiversification is thus essential in order for the water-short Kirindi
Gya system to be a socially viable irrigation system. Then arises a question
as to what non-rice crops are to be gromn in the system. Ironically enough, the
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fact that rice production in the system has become very high and profitable makes
it difficult to specify the list of non-rice crops that can substitute for rice
with better economic performance. In what follows in this section, we examine
the economic performance of non-rice crops that could pessibly replace rice.

Production Structure of Major Non-Rice Crops

The list of non-rice crops that can be growmn under irrigated conditions
may be long, at least biologically. However, the list becomes much shorter in
Sri Lanka, when it comes to non-rice crops actually planted in irrigation systems
with significant extent. Crops included in such a list are chili.,onion, and
some kinds of legume, such as green gram, black gram, cowpea, and soybean. Some
kinds of vegetable, «.g., cabbage and tomato, may be added to the list, but the
extent plantedwith these vegetables iIn irrigation systems have so far been very
limited. Major attention in this section will be directed to these
"conventional™ non-rice crops. Other crops exotic to irrigated agriculture in
Sri Lanka, such as gherkin, asparagus, grapes, and limes, might have a good
potential to replace rice. Although farm data on these exotic crops are still
scarce, to the extent possible the performance of these crops are compared with
rice and other conventional non-rice crops.

For the conventional non-rice crops, production-cost data are available
from many sources. In this section, we use two sets of data: First, production-
cost data collected by the Department of Agriculture for different regions in
the country, and, second, the non-rice crop demonstration trials conducted in
the Kirindi Oya system in the 1989 yala season by the same Department.

Department Of Agriculture regional data. Data on yield, labor requirement,
and costs and returns of selected non-rice crops gromn on irrigated fields In
some dry zone regions are summarized iIn Tables 6.14, 6.15, and 6.16 for the yala
season in 1985 through 1987, the original data of which are from the Crop
Production Cost Survey conducted by the Department of Agriculture (Department
of Agriculture 1986, 1987, 1988). Crops included in the tables are chili, red
onion, Bombay onion (or big onion), green gram, and soybean. These crops are
selected to show a variety of performance OF "conventional" non-rice Crops.

Close observation of these three tables raises several points that should
be noted. First, the gross revenue per hectare, or land productivity, varies
tremendously from crop to crop, and so do the gross value added, and farmers®
income per hectare. Roughly speaking, however, the crops can be classified into
two groups: high performance crops and low performance crops. The former group
includes chili and two kinds of onion, and the latter green gram and soybean.
Although there were variations for each crop in yield, gross revenue, gross value
added, and farmers®™ iIncome across seasons as well as across regions, the
performance of the First three crops was consistently higher than that of the
last two crops. IT compared to rice In terms Of Income generation per hectare,
the crops iIn the first group perform much better, and the performance of those
in the second group and other kinds of legume is more or less comparable.

Second, the classification of crops by performance reflects differences
in factor intensity as well. The high performance crops are characterized by
high factor intensity. They require more current inputs than the low performance
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crops. Extremely high current input cost due to high seed and fertilizer costs
for red onion is a typical case of high current input intensity, though to some
extent, other high performance crops also require more fertilizer and chemicals,
generally two to three times, than the low performance crops.

The intensity of fixed capital services does not vary much among the crops
in both groups as long as the services consist only of draft power for land
preparation. However, it jumps up sharply in case irrigation pumps are used to
supplement water. Additional irrigation by pump is popularly practiced in some
regions for two kinds of onion and for chili. Such a practice is rarely found
for the low performance crops.

The difference in labor intensity between high and low performance crops
is also enormous. Among the high performance crops, the lowest labor intensity
recorded was for chili in the 1987 yala in Kalawewa, but it was still as high
as 360 days per hectare. Labor requirements of low performance crops were much
loner than those of high performance crops. It should be noted, however, that
the labor intensity of low performance crops Is comparable to, or even higher
than, that of rice. As compared to rice, these low performance crops are not
less labor iIntensive. As a result, labor productivity of these crops is
generally loner than that of rice. For the high performance crops, their
extremely high labor intensity makes the labor productivity roughly comparable
to rice, In spite of thelr performance 1IN INcome generating capacity per unit
of land area being far better than rice.

Third, generally applicable to both groups, these non-rice crops are
planted on a small scale; In none of the cases presented iIn these three tables,
did they exceed 0.5 hectare. As a result, the actual iIncome per farm from a
particular crop cannot be so large in the case of low performance crops.

Fourth, seasonal or yearly variation in costs and retums could be very
large for non-rice crops, since two major sources of fluctuation, yield
fluctuation due to water and climatic conditions, and output price fluctuation
due to market conditions, could both be high. Judging from the data in these
tables, the most serious source of Fluctuation for non-rice crops seems to be
from the output prices. For each crop, yield per hectare varies from one season
to another and from one region to another, but the degree of variation seems not
too large. For chili, yield ranges between 1.2-1.5 tons/ha; for red onion, 10-
12 tons/ha; for green gram, 0.8-1.0 tons/ha; and so on. In contrast, the degree
of price variation for some crops was 50 to 100 percent. For instance, the price
of green gram varies nearly 100 percent between 1986 in Polonnaruwa and 1987 in
Kandy. These observations suggest that, as long as output prices are favorable,
there are non-rice crops that will provide a reasonably steady income Flow.

Table 6.17 gives the same set of Information for some non-rice crops under
rainfed conditions in the mzha season. Future options for diversified cropping
in Kirindi Oya iInclude planting of semi-rainfed non-rice crops in the maha
season. This table is prepared to provide some data on possible profitability
of non-rice crops under such a condition. Only “lowperformance” crops are shown
in the table, since “highperformance” crops are usually planted under irrigated
conditions. Compared to the production structure under Irrigated conditions,
the same crops grown under rainfed conditions have less factor intensity for
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current inputs and for fixed capital services, and the yield and other
performance indicators are accordingly slightly lower than under irrigated
conditions.

Kirindi Oya non-rice crop dsmonstration. The Department of Agriculture
launched, in the 1988/1985 maha season, a field demonstration program of non-
rice crops in the Kirindi Oya system using farmers” allotments. The program
continued In 1989 yala. About. thirty allotments iIn the new area were selected
for demonstration of various kinds of non-rice crops. Seeds, fertilizers, and
chemicals were supplied by the Department free of charge, but cultivation itself
was carried out by the farmers themselves. The crop harvest from the
demonstration plots ws disposed of by the farmers, either for their home
consumption or for marketing.

We collected crop production data from fifteen allotments covered under
this demonstration program in the 1989 yala. Though outside the program, we
included in our non-rice crop sample one more farmer who joined the 1988/1989
maha demonstration program and planted some non-rice crops voluntarily on his
allotment in this yala season.

The non-rice crops planted by these demonstration farmers and their extent
are shovm In Table 6.18.  Altogether, eight crops were tried. Chili was planted
by all the sample farmers. Two Kkinds of onion, green gram, and okra were each
triad by four to six farmers. Only one farmer each planted soybean, long bean,
and tomato. In terms of area, chili was planted on a relatively large extent;
the average of sixteen sample farmers was 0.452 hectare. The average areas
planted with green pram and soybean were 0.100and 0.194 hectare, respectively.
On average, about 0.050 hectare wzs devoted to two kinds of onion and okra. The
area planted with long bean and tomato wes very tiny; 40 square meters and 150
square meters, respectively. As both the number of samples for each crop and
the extent planted were quite small, we should be cautious in drawing
implications fromn the results of the demonstration cultivation. This 1is
particularly applicable to soybean, long bean, and tomato.

The yields, total labor requirements, and costs and returns of the non-
rice crops tried In the 1989 yala are summarized in Table 6.19. Let us first
observe the yield performance. The average yield of chili wes 1.25 tons per
hectare in terms of dry chili equivalent. This can be considered a reasonable
yield. The chili yield iIn other regions shown in the previous tables ranges from
1.2-1.6 tons. Red onion recorded an average yield of about 8 tons per hectare.
Comparad o the yield level of 10 tons in other regions, the level iIn Kirindi
Oya was a bit low. Bombay onion was successfully cultivated; the average yield
of 12.6 tons per hectare is higher than other regions listed in Tables 6.14-
6.16. The yield performance OF green gram was less than other regions; the yield
of 0.65 tons per hectare is even less than the yield under rainfed conditions
showm In Table 6.17. Soybean trial apparently failed; the farmer who plantad
this crop could harvest only 180 kz in terms of yield per hectare.

For other crops, there is no good standard with which to compare their

ield. Judging from factor shares, however, the performance of okra seems to
ave been a bit less than satisfactory. Long bean and tomato performed well in

terms OF returns, but it is too risky to rely on these data because the sample
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is too small for both the number of farmers and the size of area planted. We
set aside these crops in the following analysis.

Next, let us see the output prices of these crops. Generally speaking,
the fanners who planted non-rice crops in Kirindi Gya in the last season enjoyed
favorable output prices. The Bombay onion price received by farmers, for
instance, was Rs 18.78/kg. This price level is nearly two times the price
received by the Bombay onion farmers in #atala In the 1987 yala (Table 6.19
versus Table 6.16). Similarly, the price of green gram iIn the last season wes
as high as Rs 27.89/kg. The price range for green gram in the past seasons in
the regional data wes from Rs 1li/kg to Rs 20/kg. The Kirindi Oya farmers
received for red onion Rs 9.62/kg, which falls within the price range for this
crop iIn the regional data.

The price of chili in the last season in Kirindi Oya was also good; Rs
67.37/kg. This chili price ws the weighted average of three grades of dried
chili, using the quantity sold in each grade as weight. As shown in Table 6.13,
the price of chili in each grade was Rs 69.10, Rs 44.40, and Rs 35.00,
respectively. Since the majority of dried chili sold by the Kirindi Oya farmers
in the last season belonged to the first class, the weighted average was very
close to the price of the first grade. Aside from dry chili, the farmers sold
green chili, the price of which was Rs 11.3/kg. OF the gross revenue for chili,

22 percent was earmed iIn the form of green chili and the rest (88 percent) in
the form of dry chili.

The yield performance of the non-rice crops grom by the Kirindi Oya
demonstration farmers In the 19389 yala was more or less comparable to other
regions, and the output prices received by the fanners were also at least
comparable to, or better than, those experienced in other regions during 1985-
1987. These facts suggest that the economic performance of these crops iIn
Kirindi Cya would be more or less similar to that in other regions shown earlier
in this section. 1Tfwe compare the production structure in Kirindi ¢ya of chili,
red onion, Bombay onion, and green gram with other regions, It iIs essentially
the same; the first three crops belong to “high performance®, “high input
intensity” group, and green gran to “lowperformance”, “low input iIntensity”
group.

The factor shares, value added ratio, and fanners” income ratio for the
non-rice crops In Kirindi oya in yala were roughly on the same order as in other
regions, which indicates that the production structure of these crops in Kirindi
Oya IS basically the same as in other regions. The value added and farmers’
income per hectare was quite high for chili, red onion, and Bombay onion, though
they require a huge amount of labor, more current inputs, ad more Fixed capital
services. Compared to this group of crops, green gram requires less labor,
current inputs, and Fixed capital services, and generates less value added and
fanners” income per hectare accordingly. However, even with the yield which was
less than expected, the income generated In green gram production was as high
as Rs 14,460/ha and Rs 6,210/ha for gross value added and fanners” income,
respectively. As an extensive crop, this level of income generating performance
may be considered ‘gocd’.
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It should be emphasized that these results in Kirindi ¢ya were attained
bK the farmers who had less experience in the cultivation of non-rice crops.
The demonstration program thus exhibited good potential for non-rice crop
production iIn the system not only iIn terms of such physical conditions as soil,
water, and climate, but also In terms of farmers” technological capability as
well. Itwould be fair to say that, should the farmers iIn the system be provided
with appropriate extension services as to cultivation techniques of non-rice
crops to be grown, their performance in the production of “conventional’ non-
rice crops would be as good as farmers in other regions in this country.

Sugar cane. Sugar cane is a “conventional’crop which can be grown
successfully under irrigated conditions, and could thereby replace rice in some
irrigation systems. It is indeed a candidate crop for diversification in the
Walawe system. Let us examine here its economic performance based on the data
obtained from farmer-allottees in Sevanagala, Uda Walawe.

A big difference between sugar cane and other non-rice crops examined in
the previous subsections is that the crop duration of sugar cane is more than
one year whereas other non-rice crops usually require less than six months to
grow. Moreover, the possibility of ratoon growing for sugar cane makes one cycle
of plantation even longer. Since Sevanagala cane farmers grow up to a second
ratoon, one plantation cycle takes three years. In Table 6.20,data on yields
and factor shares are shown by crop, together with averages per year over three
Crops.

It should be noted first that cane yields per hectare of Sevanagala farmers
are extremely high as compared to other cane growing regions. Whereas the
typical yield of planted cane In Sri Lanka under rainfed conditions ranges
between 30 to 50 mt and that under irrigated conditions is around 80 mt, it was
as high as 154 mt 1In Sevanagala. Ratoon crops generally give lower yield than
planted cane, but, even for the second ratoon, the yield was 120 mt. With such
high yields, gross value added was high; on average, 64,000 rupees per hectare
per year, or 32,000 rupees per six months which iIs comparable to chili
cultivation.

Since the payments for fixed capital services and hired lator were large,
the farmers” income was much lower than gross value added; 38,000 rupees per
hectare per year or 16,000 rupees per six months which is at about the sare level
as, or a bit lower than the level attained iIn rice production in Kirindi Cya In
the last two seasons. It could be said from these observations that sugar cane
belongs to the “highperformance” crop group in terms of gross value added and
to the “lowperformance’ crop group in terms of farmers” Income.

Exportable non-rice crops. A recent trend in crop diversification iIn Sri
Lanka 1S to promote the cultivation of exportable crops. Some consultants have
recommended SUCh exportable crops as asparagus, gherkins, strawberry, grapes,
and limes for crop diversification (e.g., MacDonald Agricultural Services 1987;
Irrigation Sub-sector Study Office 1990). It is necessary for us to identify
the economic performance of these export oriented crops which can be grown in
irrigation systems, relative to “conventional” crops. However, since these
exportable crops are mostly exotic to Sri Lankan fTarmers, few farm data are
available yet to compare theilr performance with other conventional crops
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including rice. Here, we t'r_¥, based on a few examples, to get a rough idea as
to the relative economic performance of these exotic crops.

Gleason (1990), based on actual farmers' trials In Mahaweli System B,
reported production cost data on gherkins. According to her data, the economic
performance of gherkins is quite similar to that of “conventional high
performance crops”, such as chili and onion. The gross value added of gherkins
IS estimated to be 52,000 rupees and the farmers” income to be 41,000 rupees,
both per hectare iIn 1989 prices. It shares the same characteristics with
conventional high performance crops: labor intensiveness (800 mandays per
hectare) and high capital requirements (35,000rupees per hectare).

A consultant recommended lime cultivation in a wide scale for the walawe
system (MacDonald Agricultural Services 1987). Though not field tested, he
projected that, under the “high production* profile, a full annual income of
62,040 rupees per 0.5 acre will be generated starting fron the twelfth year
after the first planting (ibid: 42). In terms of per hectare, this means an
income of about 300,000rupees per year, or 150,000 rupees per six months. At
a glance, this level of income appears to be twice as high as the income obtained
from conventional high performance crops, such as chili and onion. However, if
we discount this assuming the discount rate of 20 percent per year (nhote that
the actual interest rate in the local capital market is much higher than this
level), 1ts present value iIs Rs 34,000/ha per year, or Rs 14,000/ha per SiIX
months, which is more comparable to rice and other conventional low performance
crops than to conventional high performance crops.

These examples suggest that the economic performance of the export oriented
crops which are recommended for cultivation in irrigation systems would be
similar to the economic performance that the conventional high performance crops
have under the present price structure. In the long run, these export oriented
crops may perform better than the conventional high performance crops because
of their higher income and price elasticities for demand, but, in the short to
medium run, It would be reasonable to assume that their performance is as good
as that of the conventional high performance crops.

Potential Constraints to Crop Diversification in Study Area

The existence of good potential for non-rice crop cultivation in the system
does not necessarily mean that crop diversification in the system is easy to
attain. There could exist many potential constraints to crop diversification
as well. In this subsection, we briefly review possible constraints to crop
diversification In the study system.

Table 6.21 summarizes basic parameters obtained so far In this chapter as
to rice and non-rice crop production In the Kirindi Oya System, together with
some other information related to the crops. In this table, chili and red onion
represent conventional “high performance” crops, and gherkin exportable “high
performance’ Crops. As for ‘low performance” crops, cowpea IS added to green
gram and soybean. Other legumes, such as groundnut, are well represented by
these crops iIn terms OF parameters shown iIn this table. Sugar cane is also
included In the table. As explained earlier, this crop falls iIn between; iIn
terms of value added “highperformance, but in terms of farmers” Income ‘low
performance”.
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Crop duration. All crops shown in the table, except chili and sugar cane,
have a crop duration of around ninety days. Since the duration of these crops
is comparable to, or shorter than, that of rice, they would conveniently replace
rice as far as the timing of water scheduling is concerned. In the case of
chili, crop duration iIs as long as 200 days, sometimes even longer. To plant
such a long duration crop with other shorter duration crops may create
difficulties in water delivery schedule within a season as well as between
seasons.

Sugar cane is different from other crops In this respect because of iIts
longer crop duration; one production cycle including ratoon cultivation lasts
at least two to three years. If sugar cane iIs iIntroduced iIn replacement of
rice, four to six crops of rice have to be foregone. Since the crop is usually
planted on a wide contiguous area, rather than plot to plot mixed up with other
various crops, its planting would not entail so much difficultyinwater delivery
within a cropping cycle. However, If rice and sugar cane are to be planted
sequentially in rotation, land as well as water management may become a problem,
particularly for rice cultivation after sugar cane.

Crop water raquirsments. All non-rice crops listed require less water than
rice. Note that for sugar cane the water requirement shown in the table is for
one year. In this respect, these crops fit well In this water-scarce system.
Among the non-rice crops, however, the high performance crops generally require
more water than the low performance crops. Moreover, they require much more
frequent irrigation than the low performance crops. If water were to be
delivered in rotation, rotation intervals for these high performance crops need
to be shorter than for low performance crops. In other words, the introduction
of high performance crops into the list of non-rice crops to be grown will entail
heavier demands for good water management in the system.

Relative profitability. It is often zaid that there are non-rice crops
that generate better income for farmers than rice. Such a statement is true as
far as the high performance crops are concerned. It is not necessarily true for
the low performance crops. Particularly In productive rice growing areas, It
becomes difficult to hold to this statement. Unfortunately from the point of
view of promoting crop diversification, the Kirindi Oya system has become a
“productive’rice growing system. Compared to the performance of rice production
in the 1987/1988 maha, the low performsnce Crops can compete with rice in terms
of profitability, as shown in Table 6.20. However, compared with the averags
yield level of rice for the last three seasons iIn Kirindi Cya and. with the level
of rice price of the 1989 yala, the income potentials of the low performance
crops are far behind those of rice. Should the risk and uncertainty inherent
in non-rice crop production be taken into account, the economic disadvantage of
these crops over rice would become even greater.

It may be technically easier to replace rice by the low performance crops
(chapter2). But, given the present price structure and technology of rice and
these non-rice crops, crop diversification with these crops would sntail a rather
serious backward shift in the income position of the farmers who now plant rice
in the system. As will be shown in the next section of this chapter, the total

benefit In the system or to the society to be generated from this kind of
diversificationwould also be marginal. [f the system is to be diversified, and
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iT the low performance crops alone cannot deal with diversification, the only
practical solution in the short run is to introduce some high performance crops

at least as a part of a mixed cropping pattern, however difficult it is to do
so.

Prices and markets. Profitability of non-rice crops of course depends
criticallyon their prices, which in tum depend on the markets of the respective
Crops. As compared to rice production, non-rice crop production generally
involves more risk and uncertainty. An observation in the previous section
suggests that price uncertainty is more serious for the performance of non-rice
crops than the risk associated with physical production.

It was also shomn iIn the previous section that the farm gate prices of
the non-rice crops growm by the Kirindi Oya demonstration farmers were rather
favorable. This wes partly because the products were sold in a very localized
market 1N and around the system. The farmers marketed the products beyond their
home consumption either through private traders or through selling directly to
the consumers iIn their villages or In the town markets located nearby. Since
there have not been large sources of local supply for any of these crops iIn the
study area, the farmers had no difficulty in finding the demand for their
atomistically small supply of these products. [T these cropswere to be produced
by many farmers in the system at once, the demand for these crops in the
localized market would surely not be enough to absorb a large volume of marketed
supply from the system. The prices of non-rice crops received by the farmers
in the system under such a situation would depend critically on the markets
outside the system. Without information on the markets, both national and
international, of the non-rice crops, it is impossible to forecast their possible
price levels in the future.

We can do nothing for the analysis iIn this sub-section but to assume that
the prices of these crops will continue to be at the present levels or the levels
in the recent past, with certain degrees of fluctuation around the levels. In
Table 6.20, the impacts of a dowward output price fluctuation on value added
and farmers” Income per hectare are shown, assuming 50 percent decline in the
prices of the non-rice crops. IT such a decline happens In the very short run
so that farmers do not have time to adjust their input levels, the results are
disastrous; the farmers” income per hectare of the high performance crops is
reduced to a level far lower than that of rice for the three year average case,
and it becomes nil for the low performance crops.

Labor requirement. Most non-rice crops require significantly more labor
than rice. Labor intensity is especially high for the high performance crops.
High labor requirement is in a sense blessing, since more labor, otherwise left
underemployed, could be absorbed i1.n agriculture. In fact, the fanners who
planted non-rice crops under the demonstrationprogram In the yala season tried
to cope with large labor requirements for these crops by mobilizing a part of
the fTamily labor force otherwise lying idle or engaging in other job
opportunities (Table6.22). For chili and green gram cultivation, the share of
female labor iIn the total family labor was much more than that for rice. In the
case of chili, even child labor was mobilized.
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However, a very high labor requirement might create difficulties for the
fanners to adopt these labor intensive crops in replacement of rice. Since the
average labor force a farm family iIn the study areas has iIs less than three
members (ARTI 1986: 5), it is difficult for a farmer to meet the labor
requirement of these crops solely with 1ts family labor, unless the extent
cultivated is extremely small. The large labor requirement can be met by hiring
labor from outside. But, it may entail certain transaction costs for a farmer
to hire a large number of laborers.

As pointed out earlier, one characteristic of rice farming In the study
area is relatively high dependence on hired labor. This means that the labor
markets are relatively better developed In the study area. However, since the
total labor requirement for rice production is relatively small, the hired labor
man-days per hectare do not exceed 100. A sudden increase in labor demand above
this level due to the introduction of labor intensive non-rice crops might result
in an Increase iIn the wage rate, which further reduces the profitability of the
non-rice Crops.

It should be noted that seasonal peaks in total lakor demand could be very
high under a mixed cropping pattem in which labor peaks of different crops
coincide with each other. Figure 6.01 shows the cropping calendar of selected
crops cultivated during the 1989 yala iIn Kirindi Cya. In this Figure, the
duration of a certain cultivation activity for a particular crop represents the
period from the time the First farmer began this activity to the time the last
fanner completed it. Water was first issued on 15 March in this season. About
ten weeks after the water issue (inearly May), three major activities, i.¢.,
land preparation, planting, and crop care, cccurrad together for all crops
including rice. As shown iIn Table 6.23, these activities each require
substantial labor for each crop. If these crops were planted by all system
fanners to a significant extent, the total labor demand during this peak season
would be enormous.

An indicative order of this seasonal labor demand can be seen in

Figure 6.02, in which weekly labor requirements per hectare for selected crops
are depicted. For each crop, the labor flow data iIs represented by a typical
farmer who grew the crop in the 1989 yala. In the case of rice, the highest
weekly labor peak of about 40 man-days iIs found during the harvesting season.
It may be reasonable to assume that the local labor market in the study area is
now organized to accommodate this level of maximum weekly labor demand. For all
non-rice crops listed in the Figure, there are weekly peaks that exceed this
standard level. The excess is large for the labor intensive crops like chili
and red onion, but It is substantial even for less intensive crops like

green gram.

In the long run, the labor market could be flexible enough to adjust itself
for an increased labor demand due to the introduction of labor intensive crops.
In the short run, however, it is quite likely that the introduction of labor
intensive crops on a wide scale is constrained by labor availability in the local
labor market. Inany case, it is sure that the labor requirements of these labor
intensive crops could not be met by family labor alone, if they were to be
introduced by the fanners on a significant extent.
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Capital requirement. It is often said that non-rice crops are more cash
intensive than rice. For the high performance non-rice crops, this IS true;
capital requirement, defined as the summnation OF costs for current inputs, Fixed
capital services (tractor and draft animal rentals), and hired labor, is higher
for the high performance crops than for rice (Table6.21). In the case of red
onion and gherking, It @s as high as Rs 35,000 per hectare. Such a high
requirement of capital funds may be a constraint to introducing high performance
Crops.

It may be said, however, that the high profitability of these crops makes
some credit available to farmers. In this sense, it may be more difficult for
farmers to get credit for growing low performance crops, even though capital
requirements for these crops are much lower. Judging from the data on informal
credit for rice production presented In Table 6.11, however, the problem of
credit, 1If any, would not be so serious. More crucial than credit would ke crop
insurance; the risk and uncertainty inherent in non-rice crop production makes
some kind of crop Insuranoe a necessity, particularly for the high performance,
capital intensive crops.

ALTERNATIVE SCENARIOS FoR CROP DIVERSIFICATION AND SYSTEM PERFORMANCE

However difficult it is, crop diversification Is an imperative need for
the water-scarce Kirindli Cya system. With the cropping pattern of rice
monocullture, the cropping intensity of the system has been less than 1.3 per
year since the first water issue, in which water has been delivered to the old
area and the phase | new area. Since the farmers in the old area have been given
priority in obtaining water, the phase | new area has suffered from chronic water
shortages so that the cropping intensity for this area has been barely above one.
With the same water resource, the system is envisioned to irrigate the phase 11
new area iIn addition to the areas presently irrigated. Given the rice
monoculture pattern with the current rate of irrigation water consumption, It
is simply impossible to irrigate the phase 11 new area. Such conditions make
it essential for the system to be a diversified one.

Based on the data presented so far in this chapter on rice and non-rice
crop production in Kirindi Oya, we briefly examine in this section possible
changes iIn the income generating performance of the system under different
possible scenarios as to cropping pattern and cropping intensity. The result
of the analysis which follows is based on many heroic assumptions, and should,
therefore, not be taken as more than indicative of possible outcomes. Yet, It
will reveal some critical points that should be considered seriously while
converting the system into a diversified one.

Alternative Cropping Patterns

As to cropping pattern and cropping intensity, we set forth seven possible
scenarios including the present situation (Table 6.24), The following four
factors are taken into consideration in devising altematives: the availability
of water iIn the system; relative crop water requirements for rice and non-rice
crops; the rate of irrigation water consumption; and the distinction between old
and new areas. The last factor i1s iIntroduced because of the privileged status
given to the fanners in the old area for water delivery.
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For each alternative cropping patterm except for scenario VII, both type
of crop to be planted and cropping intensity for the maha season are
predetermined for each area. Assuming the relative crop water requirement
between rice and non-rice crops of 2: 1 and the present level of water consumption
rate, the cropping intensity of yala season for pre-specified type of crops is
determined so as to fully utilize the total available water. The total water
availability in the system is assumed at the level that allows the present
cropping pattern and intensity per year. Our research indicates that the present
water delivery practice tends to supply more water than required. Scenario VIT
assumes that a 40 percent water saving is possible compared to the present water
use In the systemand the cropping pattern is determined so as to keep the yearly
cropping intensity at 2.0 while delivering 1.4 times more water than before to
the entire system, including the phase II new area, and sllocating 1t anong maha
rice, and maha and yala non-rice crops.

Crops are broadly grouped into rice and non-rice crops (other field crops;
OFC). There can be numerous possibilities as to the crop-mix for non-rice crops

to be planted in the system. Here, we assume only two kinds of non-rice crop-
miX.

The First one {(OFC cropping pattern A) consists of 50 percent soybean and
50 percent green gramn. This pattern represents crop diversification with only
“lowperformance” non-rice crops. Since the economic performance of these low
performance crops does not vary so much from one crop to another, any combination
of different crops with different shares gives a similar macro performance.

The second pattern (OFC cropping patterm B) includes two crops each from
“high performance” and “lowperformancs’ crop groups; chili, red onion, green
gram, and soybean, with 23 percent, 7 percent, 25 percent, and 45 percent of
relative planting share, respectively. The planting share of each crop is
determined as inversely proportional to the peak weekly labor requirement of
the respective crops. No difference in yield, output price, and gross value
added ratio are assumed within the system for a particular crop. Assumed levels
of these variables are shown in Table 6.25.

It should be noted that we do not take into account, in setting out these
scenarios, some important technical aspects inherent In the system. For example,
there exists diversity in soil types in different locations within the system;
some soil is suitable only for rice and some others are anenable both for rice
and non-rice crops. Scenario VI, which assumes that the entire system goes for
non-rice crops, may be technically infeasible, or not desirable, under such a
condition, or It may entail certain costs to implement such a scenario. All
these details are abstracted from the analysis here.

Income Performance

For each alternative cropping pattern, the expected level of gross value
added for the system as a whole is estimated as an indicator of system
performance. The results are presented in Table 6.26. The total income

generated from the present cropping pattem is treated as the base for comparison
in the table, and changes are expressed as the difference between the income

level of alternative scenarios and this base.



180

The first altermative scenario (scenarioII) 1is presented to show that,
iT the rice-rice pattern is adhered to, no water is available for the phase 11
new area. Even If the present inequitable water distribution between the old
and phase 1 new areas is rectified, the total income for the system will not
change much. Inequity between the two areas will be reduced, but the total
cropping intensitywill remain as low as 1.2 with no water available to the phase
If area. IT the yala season is diversified, while omitting the phase 1: new
area, sixty percent of the existing area could be planted with non-rice crops
(scenariolll}. Although cropping intensity is higher, the total income in the
system remains the same, 1If OFC cropping pattermn A is adopted.

The next four scenarios assume water delivery to the phase II new area.
Rice is still retained as a crop €or the old area, in scenarios IV and V, owing
to the privilege given to them In water supply; In scenario 1V, as yala season
rice; and In scenarioV, as maha sSeason rice. Scenario IV assumes rainfed ror-
rice crops for the maha with supplementary water supply at 50 percent of the
required level. Because of water saving by rainfed non-rice crop cultivation
in maha, cropping intensity for this scenario is high; 1.9 for the old area, and
1.7 for the new areas. In contrast, it is 1.2 and 1.3 for the old and the new
areas, respectively, In scenarioV Inwhich Irrigated non-rice crops are assumed
for the maha iIn the new areas. In scenario VI, withholding the privilege given
to the old area. the entire command area is planted with irrigated non-rice crops
in both seasons, In which case the cropping intensity becomes 1.55.

The income performance ranking among these three scenarios varies according
to the non-rice cropping pattem. [T OFC cropping pattern A is adopted, scenario
IV with maha rainfed non-rice crops (greengram and soybean with 1:1 planting
ratio) gives the best result; the total income for the system is iIncreased by
about 20 percent over the current situation. There will be no change In the
total i1ncome for either scenario V or VI. These two cases become therefore a
zero-sum game iIn which the phase II new area gains at the loss of the other two
areas. In both scenarios, both the old and the phase | new area lose, but the
latter loses more In scenario V. This means that the iInequity between the old
and the new area will become more pronounced in this scenario. This Inequity
problem is solved In scenario VI, but 1t raises another question whether the
fanners In the old area will accept such a plan that entails for them about a
40 percent loss in their income from the present situation. A similar problem
exists iIn scenario 1V in which only the farmers iIn the phase | new area lose so
that the inequity relative to the old area becomes even more greater.

IT OFC cropping pattern B (which is a mix of "high™ and "low" performance
crops) is adopted, the situation is different. First of all, the increase in
the total income for the system as a whole becomes quite large for all three
scenarios. Of these, scenario VI (non-rice crops iIn the entire system) gives
the highest income, and scenario IV the lonest. Except the old area for scenario
V, no area loses in shifting avay from the present pattem.

Scenario VII assumes a 40 percent saving inwater use. With this saving,
rice can be grom in forty percent of the total command area in one of the
seasons. It is assumed that rice is planted In the two new areas as well as In
the old area. Even with OFC cropping pattern A, the income performance of the
system under this scenario iIs more than 50 percent higher than the present
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situation. I OFC cropping pattem B is adopted, the total system income becomes
nearly three times as much as the present level.

In summary, this exercise indicates the following points: first, the income
performance of the system under diversified cropping heavily depends on the non-
rice crop mix. If the mix consists of only “lowperformance” crops, such as
green gram and soybean, given the present rate of water consumption, the total
income to be generated in the system, including the phase 11 new area, would be
roughly the same as that now being generated under rice monoculture pattern
without the phase II area. If some “highperformance” crops, such as chili ad
onion, are included in the non-rice crop mix, however, the income performance
of the system will be drastically improved, given the present structure of
technology and prices for these crops.

Second, given the low performance crop mix and the present rate of water
consumption, scenario 1V, in which rainfed non-rice crops are grown in the maha
season for the entire command area, performs best In terms of INcome performance
for the system as a whole. However, from an income equity point of view between
the old and new areas iIn the system, scenario VI, iIn which the system is
converted fully to a non-rice system, may be considered better.

Third, such an equity question would be less important, if the crop mix
is with high performance non-rice crops: each area in the system could receive
an iIncome as much as, or even better than, the income It is now receiving.
Should these scenarios be “politically’ feasible, it would be essential to
establish a crop mix that includes high performance crops.

Fourth, if water use efficiency in the system were improved through better
management, Its Impact upon improving income performance would e very large.
IT the system performance were to be improved while reducing the inequity without
entailing any loss to any group of farmers within the system, the only way would
be through crop diversification with high performance crops while saving water
by better management.

CONCLUSIONS

1. As far as the performance iIn a single season iIs concerned, rice farming
in the Kirindi Cya System has evolved to a level that is comparable to
the best standard in the country within five years since the project’s
commencement. The yield level in the last two seasons exceeded the target
yield set for the system.

2. Such a good yield of rice was attained by consuming water in excess of
the crop’sneed. Innone of the last three seasons, was water a constraint
to rice production, except for some allotments which had salinity problems
due to poor drainage. There is ample scope for saving water in the system.

3. The price of rice at the farm gate went up by nearly 70 percent from the
1987/1988 maha to the 1989 yala, This, coupled with the increase in
physical productivity, made rice production in the system highly lucrative
relative to non-rice crop production.
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As a result of wasteful water use during each cropping season, the system™s
performance in terms of cropping intensity has been very poor; It has been
around 1.3 for the old area, and barely above one for the new area
developed under the phase | project since the first water issue in the 1986
yala season. Given the present patterm of rice monoculture and the rate
of water consumption in the existing areas, there Is no room to irrigate
the new area that will be brought In under phase II. In order for the
system to be socially viable, it iIs necessary to get out of the rice
mt})]nocu!ture patternand to introduce non-rice crops that require lesswater
an rice.

The on-farm demonstration program carried out iIn the system during the
1989 yala season clearly indicates that a good potential exists to grow
"conventional " non-rice crops which have been popularly cultivated under
irrigated conditions in other regions of the country. The yield
performance of non-rice crops tested iIn the system was as good as in other
regions.

Conventional non-rice crops can be classified into two groups according
to economic performance; "high performance™ and 'low performance®. Crops
in the former group, such as chili, red onion, Bombay onion, and gherkin,
generate income per unit of area planted at least as high as, or generally
higher, than rice does. In contrast, the economic performance OF crops
in the latter group, such as green gram and soy bean, is at best at the
level of rice. With the high productivity of rice production in the
system, the performance level of these crops is far lower than rice. Under
the present price regime, the performance of such exportable crops as
gherkins and limeswhich have recently been recommended as high value crops
to replace rice is comparable to the “conventional™ high performance crops.

A common characteristic of high performance crops is high input intensity;
they require more current inputs, more fixed capital services and more
labor per unit of land cultivated than rice does. Their labor intensity
is particularly high. Since the scarcity of labor is relatively high in
the study area, this characteristic may create a constraint to introducing
these crops into the system on a wide scale.

Though much less than rice, high performance crops also require more water
than low performance crops, and the type of Irrigation they need is
intermittent irrigation with much higher frequency. This means that high
performance crops are more demanding for precise water management and
therefore more difficult to adopt iIn the cropping pattern than low
performance crops. Deliberate planning and distribution of water delivery
by which fine tuning to meet water requirements of various crops planted
in different sections of the system is made possible becomes a necessity
in the system management.

Non-rice crop production generally involves higher risk and uncertainty
than rice production. Whereas well-managed irrigation could reduce the
risk of crop failure, fluctuation of output prices in the markets 1is
unavoidable. High performance crops are more wvulnerable iIn this respect.
Under the price structure iIn the 1989 yala season, the high value crops
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exanined iIn this report perform, in terms of value added and farmers~”
income per hectare, twice as good as rice. A sudden decline in their
prices by 50 percent reduces their performance far more than
proportionally,

Through diversification away from rice, in both the old and new areas, 1.t
is possible, in principle, to increase yearly cropping intensity of the
system, including the phase 1T new area, to nearly 2.0. But, if the non-
rice crop mix to be adopted in the system consistsonly of low performance
crops, the total income the system as a whole could generate would not be
so different fron the level it now does with rice monoculture pattem.

In order to increase the total income significantly beyond the present
level, It is necessary to adopt a cropping pattern that includes at least
some high performance crops, while improving water use efficiency
significantly by better water management.
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Table 6.01. Population and sample allotments in distributary canals under
study in Tract 5 of Kirindi Oya, by location along
distributary canal and by soil type.

Location along DC

Soil type Head Middle Tail Total
------ Number of szample/Population ------
DC 2:
Well drained 1/10 10/16 3/ 3 20/29
Intermediate 0/ 8 0/15 0/ 6 0/29
Poorly drained 5/ 8 7/11 6/10 18/29
Total 12/26 17/42 9/19 38/87
DC 5:
Well drained 1/ 1 0/ 1 2/ 4 3/ 6
Intermediate 0/ 5 0/ 4 0/10 0/19
Poorly drained 4/13 0/ 8 7117 11/38
Total 5/19 0/13 9/31 14/63
DC 8:
Well drained 1/ 1 0/ 0 1/ 6 2/ 7
Intermediate 0/ 2 0/ 1 0/ 6 0/ 9
Poorly drained 3/ 6 0/ 2 7/19 10/27
Total 4/ 9 0/ 3 8/31 12/43
Total :
Well drained 9/12 10/17 6/13 25/42
Intermediate 0/15 0/20 0/22 0/57
Poorly drained 12/21 7/21 20/46 39/94
Total 21/54 11/58 26/81 64/133

Note: Canceled and uncultivated allotments are excluded.
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Table 6.02. Output, inputs, and factor payments per hectare, farw income per hectare and per farm, and prices,
in irrigated rice production in selected regions in Sri tanka and study area,
1986181 Kaha! Xiriodi 0yat!
Region Kalawewa Katale Regalle  VUdawalawe Rambantots 1987/8% oaha 1988189 maha
Tield (kg) 4 748 4 663 3623 4512 4 323 § 14T f B7§
Seedd! (kg) 120 g5 104t 1608 1338 1318 128R
Fertilizer
Total value (Rg) Y 1 282 b 151 1035 1 182 831 T4
N {kgl " 48 40 84 100 LA 52
P {kg) 28 5 {2 41 42 21 B
£ {kg) 29 40 4 i1 41 1 22
Herbicide (Rs) 383 - - 144 751 184 239
Pesticide (Rs| 151 175 400 181 571 827 438
Labor{days)
Fanily 88( 64) it 1) P6Y{ 84} 590 50) W an 581 45)10 310 35)
Hired 49[ 361 45{ 30) 30 16) 6O( 50} B2( 63} 10 55} TH{ 65)
Total 1871100} FEO(100) 226(100) LE3(100) 420100 1280100} 107{100)
Groge revenue (Rs) 17 O4G(100) 16 368(100) 14 202(100) 16 0G4(100) 1§ ORE{100] 14 35101081 32 473(100¢
Factor payoent{Rs}:
Current inputt? 2 510{ {5} §370 120 2 1170 15) 3 2000 20) 3 127( 19) 3351 231 2 631( 8
tabor: Fa_nil? 3 3431 20) B62( 220 6 290( 44) 2 846( 161 I 357( 10) BIGL 181040 2 674( 8]
Hired 1 8560 t1) 4831 91 1 24W0 91 2 a1 17) 2 5180 18) S ETRE Y 4 4911 14}
ToFaI b 148{ 31) 1451 81} 7 B31( B3] 5 3ET( 33) 4 076( 26) 069t 42} Il 22)
Fized capital') 2 576( 15) B06( 10} 1 5180 11] 2 454( 151 2 1291 131 8780 12) 1684 51
Land & surplus®? 6 T61( 40) 6801 47) 3 0361 21} 5 043( 31) 6 754{ 43) 3350 231 20 BBI1( B4
Value added’! (R} 14 536( 851 14 4310 881 12 0851 851 12 864( 80) 12 953{ 81) 11 0161 77} 29 847( 92)
Farmers'incone'! (Rs)10 106( 38) 11 3420 63] 9 326( 66) 7 688( 48) 8 8100 52} b 9T1( 42) 23 G5 T3]
Area cultivated {ha] 0.86 [.56 0.11 0.98 1.25 1.19 0.93
Actual farmers' income?’ (Rs/faral:
8 689 £ 352 7181 7 535 10 389 T 105 21 995
Price:
Paddy ricel®! (Rs/kg) 3.5% 3.51 1.9 1.58 3,12 1.83 4,70
Seeds (Rs/ky) 5,53 5.05 b4 {58 4,63 5.80 6,36
Nitrogen!!! (Re/kg! §.3 6.6 6.5 6.3 6.4 6.5 5.3
Wage ratel?)|Rs/day] 37.9 3t 33.3 5.0 49.4 48.8 9.6
Labor productivity!l(Rs/day)
124 102 §3 135 196 1% 303

Hote: 1)

Data are froz Departoent of Agriculture. Clioatic-geographical specification af the regions: Kalawewa;

Iry Zone, North-Central, Katele; Wet-Dry Intermediate Zone, Central, Kegalle; ¥et Zone, Central,

Udaualawe; Dry Zone, South, Haobantota; Dry Zone, South.
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2) Data are for the zample farmers in our survey.

3) Superscripts B and T stand for broadcasting and transplanting, respectively. 4lthough hoth methods
coexist in all regions listed, oaly major one is reported in this table,

4] Seed, fertilizer, herbicide, pesticide and fuei. Fuel for tractor is not included for the data frem DA.

5§} Fixed capital services such as Craft aninal and tractor. For DA data, fuel is included here. Qor
Ririndi Opa data, the returns to services for fixed capital owned by farmers are ioputed using the
market rate, but not for DA data.

i Grass revenue - (current input t labor t fixed capital].

7] Gross value added {Gross revenwe - current input].

8; PFaaily labor t land & surplus. Assuoe that all farmers are owner-aperatar.

9] Farmers’ income per ha x area cultivated.

{9) Farm-gate price of rice output.

111 Based on urea price.

12] Average far all operations.

143 Grass revenue/total labor days.

14} Includes exchange labor.

Source: Department of Agriculture {15883
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Table 6.03.  Qutput, inputs, and factor payments per hectare, farn income per hectare
and per farm, and prices, in irrigated rice production in selected regions
in Sri tanka and study area.

13986 gala’! 1989 9514
Region halawews  Rurunegals Hambantota Udawslawe Kirindi 0gst:
Yield [kg) 3144 3443 ¢ 235 4131 4 687
Seed {kg) 114¢ 1637 115t 1744 1478
Fertilizer:
Total vaiue {Rs) 1 1865 1104 1286 {18 8%
¥ (kg) B g2 116 93 B
Poike) 42 {1 g1 0 16
K (kg) 32 i1 42 38 22
Herbicide (s} 541 210 649 838 346
Pesticide {Rs) 318 335 551 488 246
Labor{dars)
fapily B3 §1) 1131 601 19( 22} 561 46} 360 291
Hired 411 39 15040 §9{ 181 651 &4} 641 71}
Total 104{109] 188(100) B8 100) 1210100} 300100
Grass revenue [fs] 10 85111001 1} 25911001 14 Gil(100} 33 276(100) 30 202(100)
Factor paymentiRs} :
Current input 259030 2 190 18) 2 998{ A1) 3 28311 24 21020 91
tabor: Family 2 2981 211 3 B0d¢ 31 865{ 63 2 626{ 201 U855 6)
Hired [ 5990 16) 2 1850 19) 3 087{ 31} 3 048{ 17} 4 091 16)
Totai 3 8980 36) 5 688( B} 3 9BE( 27) 5 674¢ 4% 6 5641 22)
Fixed capital L7316 9931 91 1 26%( 91 1 507( 11} i 1581 61
Land & surplus 2 647( 24} 2 3851 217 6 403{ 43) 2 8581 22) 19 178{ 631
Value added {fs] 8 486{ TE) 9 GBB( 8L} 1V 613( 190 (B 03%( 161 27 &00( 91)
Faraers'income {Rsi ¢ 945( 461 5 888( 53} 1 268 50) 5 4841 41} 21 0330 101
Area cultivated (ha) 0.51 0.6% 1.44 0.87 0.92
sctusl farmers" income \Rs/farsl:
2 802 3 610 9 13y 4111 13 350
Price:
Paddy rice (Rs/kg) 3.41 5,21 3.45 3.22 6.13
Seeds (Rs/kg) 4.82 4.10 4.48 §.44 5.11
Nitrogen {Rs/kg! 8.1 6.5 6.4 6.4 5.
llage rate (Rs/day) 37.4 30.3 44,8 [ 14.6
tabor productivity {Rs/day!
104 Y] 16¢ itk 336

Note: 1) Data are from Department of Agriculture.

Climatic-geographical specilication
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of the regions: Kalaueua; Dry Zone, North-Central, furunegsla; Wet-Dry

Interoediate Zone, Central, Udawalaue; Dry Zone, South, Hanbantota; dry Zone,
South.

Data are for the saaple farmers in our survey,
3} For variable definitions and other notes, see Table 6.02.

Source: Department of Agriculture (1987).
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Table 6.04. Average rice yield per hectare in the three seasons under
study, by location and by soil type, Kirindi Oya, based on
crop-cut survey.”,

1987/1988 maha 1988/1989 maha 1989 yala

Location along BC

Head (DC 8)2) 3047 6483 4632

Middle {DC 2) 3699 7010 4854

Tail (DC 5) 4026 7254 4354
Location along DC

Head 3826 6576 4433

Middle 3716 7238 4960

Tail 3468 6814 4711

Well drained 4021" 7112 5002

Intermediate 3658 - -

Poorly drained 3431 6696 4489
Average

3675 6876 4697

Note: 1) Yields with * are statistically different from others at the 5%
significance level.
2) For 1987/1988 maha, crop-cut survey was conducted for all
allotments in DC 2.
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Table 6.05. Average rice yields (kg/ha) in the DC2 allotments
in the 1987/1988 maha season, Kirindi Oya, by
location along the distributary and by soil type,
based on the 100% crop-cut survey,!!

Location along DC

Head Middle Tail Average

Soil type
Well drained 4110 3308 4609 3999
(11) {16) ( 3) {30)
Intermediate 3596 3111 3619" 3658
( 8) {12) { 5) (25)
Poorly drained 3168 3569 2973**+  3413%*
( 8) {8) {10} {28)
Average 3851 3116 3424 3699
{27} (38) (18) (83)

Note: 1) Figures in parenthesis are tge nqugr of allotments in
each category. Yields with ° and are statistically
different, at the 5% and 1% significance levels
respectively, from the largest yield in the same
coluan,  Yields with t are statistically different, at
the 5% significance level, from the largest yield in the
same row.
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Table 6.06. Rice yield per water supplied at different locations of the
sub-system under study, Kirindi Oya, 1989 yala.

Yield Total Yield Effective Total Yield Yield
Loca- per _ irrigation ger rainfall water per _per
tionl) hactare?) water water available water minimum
supplied supplied available water
{kg/ha} {mm/ha) {kg/mm) {mm} {mm/ha) {(kg/mm} supplys)
(1) {2) (1)/(2) (3) (4)=(2)+(3) (1)/(4) (kg/ha)
Branch
Canal
No. 2 4696 2482 1.89 220 2702 .74 3.66
DC 2 4844 2398 2.02 220 2618 .85 3.78
FC 9 4135 3596 1.32 220 3816 1.24 3.70
FC 10 4777 1861 2.57 220 2081 2.30 3.73
FC 15 5159 2918 1.77 220 3138 1.64 4.03
FC 11 5312 2283 2.33 220 2503 2.12 4.15
FC 12 4665 2087 2.24 220 2307 2.02 3.64
FC 14 5104 2736 1.87 220 2956 1.72 3.99
FC 13 4541 1673 2.71 220 1893 2.40 3.55
DC 5 4354 2203 1.98 220 2423 1.80 3.40

Note: 1) Water 1is measured at the head of respective location.
2) Average rice yield of the sample allotments fallen under respective
location, based on crop-cut survey.
3) Yield per minimum water supply of 1,280 wm/ha which is the
difference between the minimum crop water requirement (1,500 mm) and
the effective rainfall (220 um).
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Table 6.01,  Yield and inputs per hectare in rice production for saepie allotments in Tract 5,
1987/1988 wsha, by distributary canal, by location along distributary canal, and by
soil typell),

0C Location Soil type
Total
2 5 8 Head ¥iddle Tai! Well Poorly
Average drained drained
Field? ! lug) 3 st 4026 3 MY 3852 3 83% 3604 { 037 3 538
Current inputs:
Seadsiky) 141 ¢ 153 147 185 11 142 124 137
Fertilizer;
Total value{Rs) 831 153 g 812 831 300 913 918 813
Hitrogeni(he| 82 76 103 79 82 78 g6 86 80
Phosphorusliy) 21 16 38! ) 19 19 25 25 19
Potassiualky] 30 28 i A 29 28 32 32 29
Ho. of appl. 3.3 3.2 3.9 3.0 3.5 3.4 3.2 3.6 3.8
Herbicide:
Totai value(Rs| 184 Lb 290' t16 210 139 191 86 248"
Ho. of gpl. .86 A1 10 .64 .91 B 84 60 1D
Pesticide;
Total valve(fs} 921 1050 915 519’ 985 17 750" 1173 166'
Ha. of appl. 4.5 5.1 41 3.2 4.9 5.1 3.8 5.4 3.9
Fuell! (B3] 633 621 684 602 615 607 662 635 631
tabor (days® t}:
Faeils 50 51 51 26'
Kxchange 8 8 12 0
Hired 10 61 63 g
Total 148 142 128 113 128 134 126 144 LT

Fixed cpital’)  (Rs} 1 612 | 636 1666 1 801" 1 616 1 668 1 125 1668 1 616

Note: 11 in each characteristics group, a figure with ¢ is statistically different fron the

other(s) at the 5% significance level or higher.

&1 Data are troa crop-cut survey.

31 FRuel for tractor.

§) One labor day : 8 hours.

§) Figed capital service for tractor use in land preparation and post-harvest activities. Ir
the study area, no draft «niasi is used. Costs for fuel and operator are not included.
Service from owned capital is imputed at the market rental rate.
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Table 8.08.  |abor use per hectare in_rice production for sample allotnents_in Tract 5,
1387/1988 waha, by distributary canal, by location along distributary canal, and by

soil typel?,
Do Location Seil type
Tatal
2 5 8 Head ¥iddle Tail ~ Well  Poorly
Average drained drained

--------------------------- dayg}ha e rEr o rER AN aa s w it
Land preparation:

Family 26,7 49} .0 336 133 218 282 241 30.3 @
Exchange 141 3) b 1.8 0 L5 2.1 0.9 2.4 0.8

Hired 26,20 48) 6.2 A4 321 26,0 249 213 41,8 226
Total 54.3(100) 5.9 B6.,8 456 553 552 52.0  §5.1 47,1

Geop establishment:

Family 2.51 18) L 35 32 3.1 21 2.3 1.8 3.0
Knchange 2.7{ 20i 2.1 48 0 24 3.0 2.1 4.6 L5
Hired 8.5162) 8.1 1.6 109 9.7 6.9 8.5 7.1 9.0
Total 18.7{100) 1.1 15.9 141 152" 12.0 135 1.9 13.6
Crop caret?:
Ragily 13,74 19 5.8 6.6 5.1 118  196' 1.3 180 108
Exchange 0.80 4) 1.2 0.4 0.4 2.2 0.3 14 b5
Hired 2.8 17 2.6 2l 3.3 2.8 24 3.2 2.9 2.8
Total 1T.41100] 22.6'  10.2 8.4 150 U2 148  22.3 4.1
Harvesting and post harvesting:
Family 5.61 14] 6.7 5.6 19" 6.2 6.5 4.5 §.7 4.9
Exchange 2.0 7 2.8 4.5 0 2.5 2.5 2.9 2.0
Hired 32,00 79) 30,2 31.0 393 30.2 31.0 343 32.5
Total 40.31100) 3.7 41 L2 389 400 41T 39.4
Channel clearing:
Family L[ 8e) 1.4 1.9 2.2 1.3 1.8 1.9 1.2 19
Exchange 0 (0 0 0 b 0 0 0 0 0
Hired 0.3( 1€ 0.3 0.2 0.8 0.1 0.2 0.1 0.4 0.3
Total 1.9(100) 1.1 2.0 3.0 1.4 1.§ 26 1.6 2.2
Total:
Family 50.1( 39) 56.8  Bl.1 251" 50.2 580 447 584 44,5
Exchange T.60 6] 8.4 115 0 .8 3.8 6.8 12,0 £8
Hired §9.9( 55} §7.4 634 866 68.8  65.4 140 140  67.2
Total 127.6(100) 1326 126.0 1123 1258 1332 l36.5  1444 1188

¥ote: 1) In each characteristics group, a figure uith * is statistically different fton the
other(s) at the 5% significance level or higher. One lsbor day = 8 hours.
2} Fertilizer-chemical applications, aanual weeding, and fencing.
3) Threshing, winnowing, and hauling,
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Table &.03.  Factors affecting input uses per hectare, 1587/198% ashs: Surasry o regression
analyses” /.

Regression Ho. I 2 3 4 5 § 1 0

Dependent- Seedst ! Pertili- N P Rerbi-  Pesti- Total Total
variable et(valuel cide cide labor costti

Sample size 63 63 63 63 63 63 81 61

D-canal dummy:

0 5 an. e 413%=r 313" 3Lttt 66.3 8.1 4.5 550

DC 8 a6, 7t 187 6.4 1217 -91.1 -308° 2.1 27,5
location dummy:

Middle -12.1 53,2 3.1 4.0 -44.2 211 -1.8 04,7

Tail 0.5 63.0 2.2 4.8 37,2 -138 1.8 168
Soil-type dumny:

Poorly drained 1.8 S VI LR 1T =300 pg geer <708
Saiinity:

Duany 1.5 16.7 -42.6

3 affected 9.5" -0.5 -0.4 -13.1
Tenancy duaag:

Owner operator 0.6 -84 -5.9 -1.3 -91.4 -107 18.3' 191
Intercept 124 829 80.2 18.9 123 1231 115 13320
R 0.340 0.442 0.266 0.318 0.219 0.301 0.241 0.161
Ri{adjusted) b, 279 0.311 0.172 0,299 0.120 0.212 0,141 0.050
F-value §.99 6.22 2.88 4.11 2.21 3.38 .41 1.4

Note: 1} Regression coefficients with #, ¥+, or ¥+t are statistically significant at the 10%,
5%, or 1% level, respectively.
2) Total factor payments,
3} Salinity dummy is not included.
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Table 6.10. Factors affecting rice yield per hectare,
1987/1988 maha: Summary of regression analysesl),

Regression No. 1 2 3 4
Sample size 108 108 62 62
D-canal dummy:

DC 5 527* 507" 271 -157

DC 8 -435 -141 -465 ~676*
Location dummy:

Middle -140 -203 -226 -381

Tail -261 -243 -130 -123
Soil-type dummy:

Intermediate -332 -284

Poorly drained ~564***  _423" -3385" -191
Salinity:

Dummy -792%*

% affected -38" -36%
Tenancy dummy:

Owner operator -209
Fertilizer:

N 7

P 29*1‘.

K -42
Non-fertilizer cost?) 0.01
Intercept 4110 4121 4211 4497
R2 0.147 0.201 0.252 0.352
&+ (adjusted) 0.096 0.145 0.170 0.193
F-value 2.90 3.60 3.09 2.22

Note: 1) The yield data are fn¥¥ the ¢rop-cut survey. Regression
coefficients with ¥, , Or are statistically
significant at the 10%, 5%, or 1%level, respectively.

2} Total factor cost less fertilizer cost.
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Table 6.11. Sources of credit for and amount borrowed by sample
farmers. 1}
Institutional Informal
(bank loan)
With Without Total
interest interest
1987/1988 maha:
Sample size 61(100)
Non-borrower 12( 20)
Borrower 43(70) 19(31) 24(39) 43{70)
Average amount borrowed
per farmer (Rs) 3495 1095 1389 2484
Typical interest rate
(%/season) 4.5 60.0 0
1988/1989 maha:
Sample size 32(100)
Non-borrower 5( 16)
Borrower 18(56) 7(22) 10031} 17(53)
Average amount borrowed
per farmer (Rs) 2234 845 975 1820
Typical interest rate
(%/season) 4.5 63.0 0
1989 yala:
Sample size 55(100)
Non-borrower 17( 31)
Borrower 15(27) 14(25) 16¢29) 28(51)
Average amount borrowed
per farmer (Rs) 1148 989 1555 2544

Typical interest rate
(%/season) 4.5 60.0 0

Note: 1) Figures in parenthesis are percentage of the total samples.
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Cross revenue, factor payments and gross value added per hectare, farm income
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per hectare, and lebor productivity in rice production, 198111988 maha and
average for three seasons studied, Kirindi 9ya.!i

1987/88 maha 1988189 maha 1989 yala Average
Current  Paddy Current Paddy Current  Paddy Paddy
prices equivalent'! prices equivalent!! prices equivalent': equivaient?’
{Rs/hal {kg/hal  (Rs/ha}  (kg/ha) {Re/hal  ikg/ha) tkg/hal
Gross revenue 14 351 3 147 32 40 6 816 30 a02 4 ho1 5 107
(Output) (1000 (160} (160} (100} (100} (100} (100}
Factor paynent:
Current input 3 335 1 D! 551 3 20 516
(48) i) | 8] [ 8] (%) Y { 18]
Fixed capital ! 612 437 | 694 359 1159 AN 156
(12 g L8 t 51 [ 6} L6 (N
tabor: Fapily®) 2 636 688 2 4§1 561 L 455 88 514
(18} (18} ( & i 8 L6 ( 6) { 10)
Hired 3 313 881 4 491 851 4 709 il 855
1241 {24 (4] {14} { 18) (16} ( 17)
Total 6009 1569 111 I 519 f 564 A 1 169
{420 (2] (221 (221 ( 22) [ 22} [ 2}
band¢! 3214 §39 | 530 324 3476 618 594
(82) (22 (5 {51 { 13 (13 { 12]
Operator surplus 121 32 19 444 4 119 15 202 VAR 2 1n
(10 | 60) {60) (500 [ 50] [ 43)
Gross value added 1t 01§ 2 878 29 841 B 324 21 500 £ 4 451
(7 { 92) {921 (&l (1 [ 88)
Farmers' income®!:
Unadjusted b 811 | 558 23 651 5 0§t EAR kL an 3 280
P4l 4] {73 ¢ 13 (70} {100 { 64)
Interest adjusted!) 5 151 1 346 23 {61 4 886 20 143 18 3 1id
{361 1 361 { 611 L 81 (61 (687 { 61)
tabor productivity 112 29 303 64 336 5% 48

Note:1) The factors owned by farmers are imputed at the respective market prices. Figures in

parenthesis are factor shares or percentage of the gross revenue.

1} Nominal value deflated uy rice {paddy) price st the fsrn gate.

3) Includes exchange labor after imputed at the market wage rates.

¢} Land rent, paid or imputed,
5) Assume that farmers are owner-operator.
6)

Family labor t Land ¢ Operator surplus.
Interest payments for production loans are deducted, assuming the production loans from
institutional and informal sources and respective interest rates as shown in Table 6.11.



198

Table 6.13. Market prices used for analysis.

1987/1988 maha Interest rate (%/season)
Institutional 4.5

Rice(paddy) price (Rs/kg) 3.83 informal 60

Seed(paddy) price (Rs/kg) 5.80 Wage rate {&s/day):

Fertilizer (Rs/50kg bag): Land preparation 41
V1 150 Planting 41
Urea 150 Fertilizer application 40
TDM 150 Weeding: Male 62

Tractor rental rate (Rs/ha): Female 34
Land preparation 1168 Harvesting Male 49
Post harvest 503 Female 43

Land rent (Rs/ha) 3214 Post harvest 64

1987/1988 maha Interest rate (%/season)

Institutional 4.5

Rice{paddy) price {8s/kg) 4.72 informal 63

Seed(paddy) price (Rs/kg) 6.36 Wage rate (Rs/day):

Fertilizer (8s/50kg bag): Land preparation 66
Vi 192 planting 65
Urea 192 Fertilizer application 76
TDM 199 Weeding: Male 85

Tractor rental rate (Es/ha): Female 64
Land preparation 1657 Harvesting Male 66
Post harvest 780 Female 55

Land rent (Rs/ha) 1540 Post harvest 85

1989 yala Tomato 1,550

Soy bean 14.0

Qutput prices (Rs/Kg): Long bean 400

Okra 250
Rice (Paddy) 6.40 Green gram 32.0
Chili; Green 11.1
Dried; Grade 1 69.1 Fertilizer (Rs/50 Kg):
Grade 2 44 .4 Urea 195
Grade 3 35.0 TDM 190

Red onion 9.62 Mixture for OFC 200

Bombay onion 18.6 Tractor rental rate for land

Green gram 27.5 preparation (Rs/ha) 1,272

Okra 4.52 Wage rates (Rs/day):

Tomato 7.29 Land preparation; Male 51

Soy bean 7.50 Female 42

Long bean 6.00 Planting; Male 51

Female 37

loput prices: Chemical application; Male 50

Female. 42

Seeds (Rs/kg); Harvesting; Male 50
Chili 380 Female 42

Red onion 12.6 Child 28

Bombay onion 1,000 Land rent (kg In paddy/ha) 1,050
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Table 6.14,  Yieids, labor requiresents, and costs and returns of selected non-rice crops grown under irrigated
conditions in the dry sene of Sri tanka in 1985 gala.’ |
Crop Chili Red onion Bombay onion Green grap Soy hean
Region Batticaioa Jaffns Kataie anuradhapurs {aiawews
Yield (t/hs] 1.58 12.16 5.58 0,88 1,58
Price (Rs/kg) 18,00 6.12 11.18 16.68 7,85
tabor (days/ha)
Fsnily 1661 27) 141{ 26) B34l 833 166{ 94] 1364 734
Hire 460( 731 400( 74) 120( 17} i 6) b2l 28}
Total 5261109 541(109) 1040100} 17611007 LBE{100]
Gross revenue {Re 1000/ha) 75.841100) §1.T1(180) g2.38(100) LA 30( 100 1264100}
Factor payment {Re 1000/ha)
Current inputs:
Seeds 0301 0} 35,564 41) 0ot 1 0.43( 1) 0.87( 51
Fertilizer 25809 8,120 10 1.39( 3) 9.92( ) G.280 2)
Chemical 5.000 4y §.380 51 6950 &) 0.88( 6| D460 4
Total 5,890 ) 48.07( 56) 3,520 6} 2170 15) 1431
Fixed capital 4951 19 .37 98 6.130 1034 0,81 6) 1.201 9}
Labor: Renily 5.68( 1) §.00( 6) 14.86( 24) 5,931 41 $.11( 33)
Hired 13,584 18} 12.88{ 15) 2,891 51 0411 3 1.58( 13}
Total 13,260 2%} 17.75{ 22) 17,750 28} f.34( 4] 5.691 45}
Lend & surplus 45.141 81} 10,524 11 34,980 561 4,98 18) 4,341 34)
Value added (Rs/1000/ha) 69.95( 921 35,640 44 58.86( 94) 123,131 85! 11,23 89}
Farmers' income {Rg L000/ha) §1.431 8} 15,611 19] £9.84( 88 10.41( 16} 8450 67)
drea plaated (ha) .44 0.13 b .18
pctual farmers’ income (Rs [000/farm) 28.62 2.0 1,61
Labor productivity {Rs/ha} 121 151 i3 81 L1

Note:

1} For variable definitions, see table 6,41,
2) Include power for irrigation.

Source: Department of Agriculture (1485]
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Table 6.15.  Tields labor requirements, and costs and returns of selected nen-rice Crops ¢eown under irrigated
conditions in the dry zone Of Sri tanka in 1986 yala.!!
Crop Chili Red onion Bombay onion Green grap Soy bean
Region hnuradhapura Batticaloa balawewa Polonnscuwa Katale
Yield {t/ha] 1.4 10.0% 1,38 0,92 2.08
Price {1s/kg) 24,26 §.83 11,08 19.46 3.48
Laber (days/haj:
Family 1% 1) el 29) §081 4] 1141 %) 8%i 4i)
Hired 1441 &) §O2( 71) 1441 26) 5o( 24 BO{ 54
Total h56{100) g4 108} 5521100) 229(100) 149{100)
Gross revenue [Rs 1000/ha)
35.350100) 33.817100) g1, 810100 1B 120100} 18.97(100]
Factor payment (Rs (D00/hal:
Gurreat inpufs:
Seads 1.430 1) 14,20} 15] 1180 1) 0.55( 1) 0,590 3
Fertilizer 1961 6] 5.94{ 6] 2,68 &} D610 3 0.28{ 1}
Chenical 1880 5 .91 Loel 2 LT6L 1) 0.541 3
Total £.260 12) 21110 28 5.270 6} 2.920 16} LA 8
Fixed capital LA 4 .40 48 2010 2 LA 8) 2,451 13
Labor: Family 14,751 4] B.44( 9 16,481 20} 1360 41) 1,550 8]
Hired 5.090 14) 20.461 22} 5.89( M 2290 1) 2100 )
Total H9.81C 56 29.30( 31} 22361 27) 9.65( 53] 4,600 24)
Land & surplus 9.741 28] 31,861 101 52.01{ 649 §.021 22) FL 314 680)
Value added (Rs 1000/ha}
31.03] 881 10,100 15 16.550 34) 15.18) 84) 17,460 42}
Farzers' income (Rs 1004/ha)
24.46) 89 §6.701 43} 68.650 84) 11370 649 1d.420 T1)
Area planted (ha} 0,23 0.15 0,18 §.2 9.43
tetual farmers’ income (Rs 1600/farm):
§.6d b. 86 .99 2,35 5.11
Labor productivity (Rs/day)
g2 1l 148 £l 127

Note: 1] For variable definitions, see the notes to Table 6.02
2} Include pewer for irrigation,

Source: Bepariment of Agriculture (1987).




Table 6.15.  Yields, labor requirements, and costs and returns of selected non-rice crops grown under irrigated

conditions in the dry zone of Sri Lenka in 1987 yela.l}

Crap Chiii Red onion Bombay onion Green gran Soy besy
Region Kalaueua Puttalan Yatale Kandy Anuradhapura
Yield (tiha) 1,23 10,78 5.44 1.03
Price {Rs/kg) 35,10 10.54 10.09 10,94
Labor {days/hs)
Panily 142 B6) 4§90 23) 4251 189 1910 19} 141{ 78)
Hired 122( 34) 3530 1) 170 22) 414 21} 45( 241
Total 364(100) $32(100) S420108) 198(100) 1860100}
Cross revenue {ks 1060/ha) 43.174100) 113.54(100) §4.90(100) 11.261100) 12,35{100)
Factor payment {Re 1000/ha)
Current inputs:
Seeds 0420 1 2L 19} 1960 4) T 6.70( 8)
Pertilieer 2250 5 §.32( §) 2450 ¢) 0.61( 5] 0.79( 8|
Cheoical 200 5 G650 1) 201 ) 0,881 6i 0.55( 4|
Total LBTE 1Y 28,96( 25) 6.48( 12} 2.000 18) 2.040 17
Fixed capital 163 4 6.69( )8! 12.71( 231 0,94 8} 2,460 20)
Labor: Family 3. 741 2%) 0404 P54 26) ho12( 45} §.78( 47}
Hired 4,950 11) 13.92( 12) 1930 N 146 12) LI id)
Total 14.68( 34) 18,08( 18] 18.46( 34} 6,52( 58} 1.55( 61]
Land & surplus 21.92( 51) 59.93( §3) 17,350 31 1,801 18} 0300 2
Value added {Rs 1000/ha} 38,300 89} 84.68( 75) 48.42{ 38) §.06( §2) 10,310 83)
Farmers' income (Rs 1000/ha| JL.E6( TY) 64,070 56} 31.79( 38) 6.9%( 61) 6.081 49}
Area planted (ha) 0,30 .50 .15 9,43 0.28
Actual farmers' income (s 1000/farmi 9.50 31,91 £,7 1.54 §.10
Labor productivity (Re/day) 119 263 101 51 66

Nate: 1) Fer variable definitions, see Table .02,
3] Include power for irrigation,

Saurce: Department of Agriculture {1983].
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Table 6.11.  Yields, labor requirements, and casts and returns of selected non-rice craps grown under rainied
conditions during the oaha season in the dry sone of Sri Lanka.t!

Crop Green gram Soy bean Cowpes
Region Anuradhapura Katale
Aupars Anuradhapura

Season 1985/86 maha 1986/87 naha 1985/86 aaha  1985/87 maha 1985/¢6 oaha  1986/87 maha
Treld {&/ha) 0.75 0.80 1.0 1.41 0.15 0.19
Price (ks/ha| 16.94 14.41 5.93 6.65 11.61 10.28
tabor (daysiha):

Familg 1501 911 1651 §41 §0{ 54) 61 59 191¢ 83} 166{ 91}

Hired L) 1y 52( 46| 430 415 (17 15 9

Total 1641109 1761100} FL2(100] 103{168) 23EI00) 182(100)

Gross revenue {Rs 1900/ha)
12, 740100 115901001 . 16(100] 4.780100) §.74(100) 8,07(10604

Factor payment {Re 1G00/ha):
Current inputs

Seeds 0.51{ ) G530 53 0.58{ 9] 0550 6} D040 3 303
Fertilizer 0.95( $) 0.960 8i 0.06{ 1) - b.24{ 3} 0,560 4}
Chenicals -] - - - D LI -
Total 1o60( 12 1.48( 13} 0.64( 10} 0.55( 6} 6,630 T 0,591 17
Fixed capital S - 13T 22) 1,050 11} G440 10} - -)
tabor: Psmily  5.51( 4%) 6,150 53 1840 309 200 22 5.73( 6] 5,211 17
Hired 0.47( 4 b4l g 1,58 28! L AT 18 1200 149 0,880 1)
Total  5.18( 45) 6,56{ 5%} 3420 56) 3.580 37} §.93( 781 6.79( 84|
band & surplus 5.491 431 3540 ) 0,73 12 4,600 47) D340 4] 0.69{ 9
Value added {Rs 1000/ha)
P27 8%)  14.10{ 87} 5.52( §0) 9.231 94 3111 93 1.481 93
Farmers’ iacome {Rs 1000/ha)
10.80( 85) 9,690 &4 AT 42 §.710 693 §.07( 89) 6.900 88)
hrea plantedina) .14 B2 0.73 0,69 0,38 0.45
Actual farmers'income (Rs 1000/farm}
1.81 3.23 1.88 .38 2.12 .1
Labor productivity [Rs/day|
78 £6 85 95 18 44

Hote: 1) For variable definitions, see Table 6.02

Source: Department of Agriculture {1481 and 1984},
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Table 6.18. Area planted with non-rice crops of selected demonstration farms,
by crop and by farm, Kirvindi Oya, 1989 yala.

0.326 0.008 0.011
0.654 0.089

Farm Chilli Red Bombay  Green Okra Tomato Soy Long
No. onion onion gram bean bean
----------------------------- {ha)-——mre—r e e
12, 0.215 0.025
2 0.176 0.089 0.042 0.004
3 0.362
4 0.346
5 0.319 0.027 0.143 0.055
6 0.230
7 0.749
8 0.357 0.030 0.015
9 0.554 0.009 ¢.003 0.037
10 0,437
11
12
13 0.333

14 0.338 0.019

15 1.054 0.231 0.064

16 0.778 0.061 0.001 0.173 0.082 0.194

Total number of farmers

16 6 5 4 5 1 1 1

Average area planted (ha)

0.452 0.047 0.055 0.100 0.049 0.015 0.194 0.004

Note: a) This farmer was out of the demonstration program in the 1989
yala season, but he was iIn the 1988/89 maha demonstrations.
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Table 6.19. Yields, labor requireoents, and costs and return of selected non-rice crops under irrigated
condition in Ririndi Oya in 1989 gala, v
Chili Red Bonbay Green Okra Soy tong Tonato
onion onion 1138 bean bean
Tield {t/ba] .25¢! 12,64 0.65 1.67 t.18 18.57 210
Price {Rs/kg) §7.3741 18,78 27.49 52 1.50 6.00 1.9
Labor {days/ha):
Fanilyt! $10065) 1] 1) GO%L 83) 1381 BE) 1501 74} 4al 31y 3881 98} 13RI %)
Hired 2580 35) 2611 39) 701 12) 135( 44} b3 26} 9 £ 8 2] 116( 14)
Total 1100y §7H{100] S0(100) 273(160) 2030100 WIH0e]  397(100) 553(100]
Grose revenue {Rs 1000/haj )
§5.33(100) 73.79(100) E3T.4(i00) 18.18{100]  7.55{190} 1.35(100} 111.411001 193,511001
Factor payaent (Rs 1000/haj:
Current inputs:
Seeds 0.561 1) 14.61( 20) 13,130 6] 2.8%( 16) 1.08{ 11) 0.50( 37} 1.14{ 1) 4 2
Pertilizer 3221 4) 0770 1] 1020 0) -~ -} 0080 L} - (- LB ¥ 4180 2
Cheoical 2.680 5 noar( &) L.61{ 1) 00480 31 0.59( 6}  0.231171  2.37( 2} 1531 1)
Fuel_ 0360 01 0,380 0} 0331 01 9370 2y 0230 ) 0180 131 0241 o) 0,14 0}
Total §.8%0 8) I6.900 24} 17,090 My B.T4{ 2L) 1821 2Ci 0.92( 681  T.AB( ) .69 &)
Fixed capi@al 1.961 20 1180 2] b.940 1) 1400 81 0.520 61 0.77( 511 1.38( 1) 0.69¢ O
Labor: Fgmlly SLOTBL B8] 20,780 28) 25,340 11} 6480 36} S.140 991 22301651 19.45( 173 35.841 19)
Hired 14521 17} 13211 18)  5.5¢( 1) 6.84¢ 381 0,500 %) S.18{483) 0400 0} 5. T1L 3
Total  36.281 42} 34.08( 46) 28.84( 12) 13.32( 73} 9.64(105)  7.41(548) 19.86( 18} 41,55( 21]
band & surplus 40.27( 7} 20.701 291 18%.5( 80} -0.261 -1} -2,79(-30) -7.74(-573) 82.70] T4} 142,60 T4)
Value added {Rs 1000/ha!
18511 %2) 56.811. 7] 220.31 931 14,460 7%)  1.371 801 0.43( 32} 103.9( 9%} 184.31 35)
Farmers® income (Rs 1000/ha)
B, 030 T8) 42,480 581 21490 911 6.211 341 6,354 691 -5.G1(-408) 102,20 92) 178.4¢ §2)
tabor productivity (Rs/day)
111 109 409 67 46 4 i1 113

Note: al For variable definitions, see Table 5.02,
¢} Dry chili equivalent.
d¢) Dry chili price; weighted average for three grades
el Include exchange laber.
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Sevanagala, Uda Walawe, 1986-1989.

Yields and factor shares in irrigated sugar cane production,

Plant cane 1st ratoon 2nd ratoon Average
Yield (mt/ha) 154 143 120 139
Price of cane (Rs/mt) 500 500 500 500
Gross revenue {Rs/ha) 77 000{100) 71 500(100) 60 000(100) 69 500(100)
Factor payment (Rs/ha):
Current inputs 8 603( 11} 4 882( 7) 3799( 6) 5 560( 8)
Fixed capital 15 752( 21) 8 423( 12) 7 393{( 12) 10 425( 15)
Labor: Family 4 974{ 6) 3 243( 5) 1591( 2) 3 475( 5)
Hired 16 192( 21) 17 436( 24) 14 051( 23) 15 985( 23)
Total 21 166{ 27) 20 679{ 29) 15 642( 26) 19 480( 28)
Land and surplus 31 474( 41) 37 516( 52) 33 186( 55) 34 Q55( 49)
Gross value added {Rs/ha) 68 337( 89) 66 618{ 93) 56 201( 94) 63 940¢{ 92)
Farmers income {Rs/ha) 36 448{ 47) 40 759( 57) 34 757( 58} 37 530( 54)
Area cultivated (ha) 0.73 0.73 0.75 0.73
Actual farmers income {Rs/farm)} 26 607 29 754 26 068 27 397
Labor requirement {(daye/ha) 332 230 209 260
Labor productivity {Rs/day) 232 299 287 267

Source: Data are from Sugarcane

Research Institute.
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Table 6,21, Comparison between rice and selected mom-rice crops; profitability, and requirements for

irrigation, labor and capital.?!

Chili  Red  Gherkin  Sugar Green Soybean Cawpes Rice
gnion caneb) gram Kirindi Oya

§7/88  Averagef)

naha
Grop duration ¢! {days) 30 80 100 300-400 85 90 85 90 - 140
frrigation frequency “!idaysi &  3-4 3-4 - -1 1 1-10 -
Number of irrigation ¢l il 2 a0 - ! 7 § -
Water duty ¢ (na! S00-T00 600-800 706  1000-1500 250-450 250450 200-404 600-1500
field ¢ {mt/ha) 1.2 ih.00 6.5 139 1.0 1.5 1.0 31 5.0
Price ! (Rs/kg) 51,00 .00 11,7 5.00 20,00 8,00 12,10 3.83 5.40
Value added ¥ (Hs [000/ha} ¥ ¥ 5i 3 17 i1 11 11 27
Farners' income ¢!
(Bs 1000/ha) 58 Y §1 19 12 7 7 § 3}
With §0% price decline *1;
Valte added 1 27 I4 28 7 5 5 -
Farmers’ income 14 9 1l 3 1 £ 1 - -
Laber requiregent i!
(days/ha) W 600 800 260 220 179 390 124 108
labor productivity 18 150 35 267 91 71 47 111 296
Capital requirement ¢!
(Rs 1000/haj 3 15 35 16 7 i 3 8 12

Note: a}

b)

f)
)
Ly
il
il
k]

Bxcept gherkin, data are from Tables 6.12, 6,18, and 6.30. Data an gherkin are from Gleason
11390),

Averages for plant cane. Ist and Znd ratoons. [n order to make the dats ceaparable te other
seasonal crops, for the rows on and below “vaiue added", figures shawn zre in terms of average
for six months,

Data are f{rom Somasiri (1981,

Rough estinates based on Dimantha (1987) and Somasiri 19811,

Average or typical yield, from previous tables in this section and Table 5.11 of the Interim
feport.

For non-rice crops, typical prices in the 1989 yala season.

Obtained assuming typical value added ratio and farmer income ratio for the CrOps,

Value added and farmers’ jacome per hegtare when the output prices declined 50%.

Average or typical labor requirements.

The summation of costs of current inputs, fixed capital services, and hired labor,

hverage yield over the past three seasons and 1989 yala prices are assumed,
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Table 6.22, Labor use for hectare for selected crops by type of labor,
Kirindi Ova, 1989 yala.

Male Female Child Total

Chilli

Family 277(59) 178(37) 18(4) 473(100)
Hired 178(69) 74(29) 6(2) 258(100)
Total 455(62) 252(34) 24(3) 731(100)
Red Onion

Family 384(92) 32(8) -(-) 416(100)
Hired 207(79) 37(14) 17(7) 261{(100)
Total 591(87) 69(10) 17(3) 677(100)
Bombay onion

Family 462{91) 48(9) -{-)} 510{100)
Hired 69(99) 1(1) -{~) 70(100)
Total 531(92) 49(8) -(-) 580(100)
Green_ gram

Family 89(64) 49(36) -(=) 138(100)
Hired 135(100) -(-) -(=) 135(100)
Total 224(82) 49(18) -{-) 273(100)
Qkra

Family 115(77) 35(23) -(-) 150(100)
Hired 49(92) 4(8) -(-) 53{100)
Total 164(81) 39(19) -(=~) 203(100)
Rice

Family 49(85) 8(14) 1(1) 58{100)
Hired 59(85) 11(15) 0(0) 70{100}

Total 108(84) 19(15) 1(1) 128(100)




208

Tabie 6.23.  Labor use per hecfsre (days/ha) in mon-rice crop production, Kirindi Oya, on-fara
dezonstration, 1949 vala.

Chili Red Bombay Green Okra foy Long Tomate
ohion  onion grae bean bean

Land preparaticn

Fapily SEC 500 700 50)  92( 76) 210 33)  4B( 8T 2T{ 44) 40 82) £7( 37)

Hired 50 50} B3( 50) 280 241 43( 87)  36( 43}  35( 56) 90 18] 116( 63)

Total 11907 1390100 120{L00)  64(100)  Q4(:00]  82{100)  49(100) 183(100}
Crop establishment

Raaily 23 61) 890 51) 143 89) 43 69} 16( 89! {189 J0100)  41(100)

Hired 14( 19 871 4%} 180 14} 190 3 20 111 130 61) 0 ¢) ¢f 9)

Total IG0100)  1T6(1003 1614100  62{100)  I8{100)  18(L00) 9{160; 415100
Crop care

Fanily T66( 65)  7T8( 7O} ISL{ 87) 49{ 5L} S&( T9) 10( 20)  9&(100}  82{100)

Hired J1( 35) &40 30) 230 13} 4B( 49) 15f 21)  40( A0y 0 o) G 0

Total ASTCLGO)  T12{100) 1740100}  $7(100)  73(100)  50{106) 98(100) 82{100)
Harvesting

Faaily LTR( 641 178{ 71} 1240100}  L9( 46  28{100) 0 §) 240160} 547{i00)

Hired §8( 363 TI1( 298] 90 0]  26( 60 6 D} 1d(100) ] a0

Tatal 21601000 24901001 1240000)  43(100) 280100  I3{100) 24L(100) 547{100)
Past harvesting

Family 56( 90) ol 0] 0f 0} Bi100) 80 0} 0 1) 0{ ¢} (TR

Hired B 10} 0 ) 0f 0 T 00 0} o 0l ] of 04

Total 321100} 0f ¢ 0t o) 51100 0 o) M0 )] T
Total

Fanily §030 651 416C 61} G100 88, 1380 B1) (50( 74)  44( 311 38E[ 98} TIT( RE)

Hired 358( 38) ZE1( 39} O 127 1350 493 B3( 26) 9% 69} 90 2) 118{ 14)

Total T3L(100) STT{I0C) BROCI0C) 27301007 203{100) 1430100} 397:100} 853(100)
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Table 6.24. Current and alternative cropping patterns in Kirindi Oya.?2’

Cropping intensity

Mahsa Yala | Total

I. Current situation

01d area®!} Rice 90%c) Rice 40% 1.3

New area I4) Rice 90% Rice 20% 1.1
II. Rice-rice with equal water distribution between old and new areas

0ld area Rice 90% Rice 30%* 1.2

New area [ Rice 90% Rice 30%* 1.2
TI1T. Rice-0FCe) for old and new areas

0ld area Rice 90% OFC 60%* 1.5

New area I Rice 90% OFC 60%* 1.5
IvV. OFC-0FC for the entire new area and QFC-rice for old areaf)

0ld area OFC{rainfed) 100% Rice 90% 1.9

New area I+II8) OFC{rainfed) 100% OFC(irrigated) 70%* 1.7
V. QFC-OFC for new area and rice-0QFC for old area

0ld area Rice 90% OFC 30%* 1.2

New area I+11 OFC 100% OFC 330%™ 1.3
VI. QFC-QFC for the entire system

01d area QFC 100% OFC 5bH%* 1.55

New area I+II OFC 100% OFC 5b6%* 1.55
VII. With 40% water saving, OFC first and then rice if water availableh)

Entire system Rice 40%; OFC 60% OFC 100% 2,0
Note:

a) For each alternative cropping pattern, the cropping intensity in the

yala season (marked with *¥) is determined so as to utilize the
quantity of water being consumed under the current situation,
assuming that the water requirement of rice is twice as much as non-
rice crops. Alternative I1 and IIl assume no cultivation in the new
area which is forthcoming under phase 11, whereas IV through VII
assume that water will be diverted to the new area. For all
alternatives except VII, water supply rate is assumed to be the same
as under the current situation.
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0ld area; the area where irrigated paddy fields have existed since
even before the phase I project; about 3,700 ha.

The maha season cropping intensity for rice is assumed to be 90% at
the highest, based on the probability that it fails one out of ten
years.

New area I; the area created by the phase I project; about 4,200 ha.
OFC; other field crops = non-rice crops.

Under this option, non-rice crops in the maha season assumed to be
grown with rain and supplementary irrigation water at 50% of the
full supply level for non-rice crops.

New area 11; the area to be created under the phase 1t project;
about 4,200 ha,

It is assumed that the irrigation water is over supplied at least
40% under the current situation, and that this excess water can be
saved and diverted to irrigate additional area in the system. Such
water saving makes it possible to plant rice in some parts of the
system while keeping the yearly cropping intensity of 2.0.



211

Table 6.25, Assumptions for assessing returns from different cropping

patterns and cropping intensity, Kirindi Oya.®?

Rice Soy Green Chili Red
bean gram onion

Yield (t/ha):

Irrigated 5.0 1.5 1.0 1.2 10.0

Rainfed (maha) - 1.3 0.8 - -
Price (Rs/kg) 6.40 8.00 20.00 67.00 9.00
Value added ratio:

Irrigated 0.85 0.90 0.85 0.90 0.80

Rainfed (maha) - 0.90 0.90 - -
Value added (Rs 1000/ha)

Irrigated 27.2 10.8 i7.0 72.4 72.0

Rainfed - 9;4 14-4 - -
OFC cropping pattern:

A, Soy bean-green granm 50% 50%

B, Mixtureb) 45% 25% 23% 7%
Note:

a} Based on data in the previous section. The prices are for 1989.

b) The share of each crop is set assuming that the size of area

planted with a certain crop is constrained by labor availability in
the study area as indicated by the peak weekly labor requirement
per hectare for rice production; one hectare allotment is divided
into four clops according to the ratio of the rice weekly peak
labor requirement to the weekly peak labor requirement of these
crops.
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Table 6.26, Changes in the total agricultural income generated in the Eirindi Oya Systen by
alternative cropping patterns and intensity, at 1989 prices.r!
OFC cropping pattern & OFC cropping patfern B
01é New area Total 0ld Hev area Total
erea Phase [ Phase II area DPhase I Phase [T
-------------------- Re million «o-m-mmmemmmmmmeminc
[.  Currept situation {control]
Total incame N 126 Ay
I, Rice-rice with equa] water distribution between old and new aress
Tatal income 121 131 - 158
Change =10 11 - 1
{% change] (-8 (9 {0}
IIT, Rice-QFC for old and new areas
Total incone 121 118 - 113] 159 180 - 339
Change -10 12 - 2 28 54 - 82
i% changel i-8) {10} (1) (317 4H - (32
IV, (QFC-OFC for new area and OFC-rice for old arsa®!
Total income 133 91 51 17 115 141 itl 411
Change § -35 §1 (] { 15 141 160
(% charge) {3 (-8 (23) {3 (1 {62)
V. OFG-OFC for new area and rice-Q¥C for ald area
Total inconme 108 76 16 258 125 168 461
Change -25 -5 76 ] -6 i3 204
(% change] (=19) (-4} i 9 (<5} {33 (13}
VI, ORC-ORC for the entire system
fotal income 8 80 90 259 1m0l 301 579
Change -5l -38 90 3 16 75 201 322
(% change] (-18) (-29) [ 1) (35} (60} 11381
VIT. QFC-first and rice if water is available, with 40% water saving
Tetal incane 123 119 139 461 223 254 AR 129
Change -8 13 139 144 42 127 353 72
{% change} (-6) {10} (56) {707 (100) 1184]
Note: z] 4ssumed cropping patterns and cropping inteasities for alternative scenariss are given in

Table €.24, The rates of agriculfural income (gross value added) to be geperated are agsumed

as in Table 6.25,

bl For non-rice crops to be grown in the mahs season under the semi-rainfed condition, soy bean

{50%} and green gran (50%) are assumed.
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CHAPTER VII

DEVELOPMENTS DURING MAHA 1989/1990

INTRODUCTION

This chapter discusses 1mti’s findings during meha 198371990 and adds
vigour and precision to the conclusions arrived at In our Draft Final Report.
This season had some specific features compared to the previous seasons studied.
The officers of the Irrigation Department, confronted again with the problem of
allocation of water to various subsystems of the project, wantedto discuss with
farmers their plans for water issues for the season beforehand. With this
intention inmind a pre-kanna meting == summoned, as decided by the Sutcommittes

of the District Agricultural Committee, with the participation of the farmer
representatives of the old and new systems iIn the project.

The Department™s plan was to issue water to these systems in a way that
guarantees maximum utilization of drainage water originating from tracts 1 and
2 left bank and tract 1 right bank. But this was not acceptable to fanners in
the old area as they believed 1t would undermine their priority right to water
and would tend to develop salinity In thelr paddy Tields. Under the
circumstances the meeting ended with the decision of prior water issues to
farmers OF the Ellegala system, who claimed that they had cultivated rice iIn
the entire command area iIn both seasons without much difficulty before the
construction of Lunugamwehera reservoir. The meeting proved counter-preductive,
as the arguments between farmer representatives of the two systems over water
iIssues created a rift between the two comuunities, something which did not exist
previously.

The water issues for the season commenced In the latter part of October
1989 with priority to Debaravewa and Tiszawewa Tanks and subsequently, in the
early part of November, to tracts 1 and 2 of the left bank, tract 1 of the right
bank, Pannsgamumwa and Wesrawila Tanks, and later to tracts 2 and 5 of the right
bank system and Yodawewa Tank., With the water issues to tract 1 in right bank
on 2 November 1989, we undertook a study on the institutional aspect of water
management INDC 5, tract 1. We paid particular attention to this canal because
the &M responsibilities had been handed over to a farmer organization, the first
such attempt iIn the Kirindi ¢ya Project.

In the case of tracts 2 and 5 right bank, there ws no likelihood of water
issues as the water level in the reservoir was very low, at 49.40 m. (164.4 ft.)
by first of November. But there was a demand for water issues for the season
from the fanners in tracts 2 and 5 right bank after some rains merginally
increased the water level In the reservoir. Though the risk iInvolved in
undertaking rice cultivation with a low reservoirwas adequately informed to the
farmers at the kannameeting by lrrigationDepartment officials, farmers proposed
to start the seasonal activities with water issues on 15 November 1989.
According to the kanna meeting decision, water issues to these two tracts were
made on 18 November 1989. Therefore, we continued with our research activities
INCC 2 iIn tract 5 In addition to the research undertaken In CC 5 in tract 1.

However, since the expected inflow was not received in the reservoir, the
water issues to tracts 2 and 5 right bank were stopped on 30 November after a
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discussion between the Government Agent, Hambantota and farmer representatives.
About 50 percent of the farmers In tract 5 had completed first plowing as
indicated In Figurs 7.01 at the time when water Issues to the area were stopped.
As a result we could not continue our research activities in tract 5. Our
research concentrated on oC 5 iIn tract 1.

BASIC FEATURES OF pC 5

CC 5 has a design capacity of 310 Iiters per second (1/s) (elevencusecs) .
It had originally been designed to feed eleven field channels, eight originating
from the distributary and three originating from a branch of the distributary
(subI<), However it w=z realized at the construction stage that the design is
defective; hence the numter Of field channels under the canal was Increased to
twelve from the original eleven, but without increasing the design capacity of
the distributary. FC 46A is the canal not included in the original design. The
allotments presently under ¥C 46A had originally been designed to be fed from
FC 46. In addition, the number of allotments under some field channels In the
original design have erther been increased or decreased after the construction
of the canal system because some could not be fed from the planned field
channel. Tuareze allotments designed to be fed from rc 45 and four from FC 48
have now been included under &C 46 and FC 49 respectively. The number of
allotments under some field channels has iIncreased as a result of redefining the
boundaries and allocating excess land to settlers. Since a new blocking out
plan with all these modifications and additions has not yet been prepared, it
Is extremely difficult to know the extent of the command area with accuracy.
Based on field observations the number of allotments under each field channel
served by D¢ 5 and the extent of the command area as per the Irrigation
Department schedules are given in Table 7.01.

The entire command area of 174.1 ha .nder DC 5 is considered as poorly
drained (LHG soil) iIn the design even though about 50 percent is highland, i.=.,
well drainsd, with RBE soils according to our general field observations. Since
the design duty for a distributary serving 100 percent LHG farms would be far
less than one serving 50 percent LHG and 50 percent RBE soils, the canal design
indicates a serious capacity constraints as discussed in chapter 4. In
addition, the distributary serves eight very long field channels (serving more
than 15 allotments); three of these serve 19 or more allotments.

In addition to these design defects, the field channels are poorly
maintained; and some are highl)é deteriorated. Field channel bunds and
reservations have been encroached by fanners to extend their allotments. Water
losses In these field channels are very high ad create problems for the tail-
end farmers who are in a very disadvantageous position tecause OF reduction of
supply through leaks occurring at farm tumout gates in the up-stream even when
they are closed. Another problem In the tail-end part of some canals,
especially in Fcs 49, 50, 52 and 53, iIs the existence of a very deep drainage
canal knomn as Weerawila Ara. As a result of this deep drainage channel, the
farmers are not able to retain water iIn their allotments because of the high
rate of sespage,
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Though the distributary as well as some field channeis have capacity
constraints resulting from poor design, there are location specific
characteristics which minimize the impact of water sho e and scarcity In some
canals, mainly in those which originate direct fron the distributary. The
cormar«i area of field channels located below the distributary and right bank
main canal tend to develop high water tables by seepage contributions from the
two canals. However, the field channels under the branch distributary runing
along a diffelrent ridge is not compensated much by seepage from the distributary
or main canal.

A single bank canal like DC 5 located at a higher contour than its
command area IS subject to other problems. Highland runoff tends to damagze the
canal bunds, and iIncreases canal seepage losses. In the case of ©C 5, water
losses occurring at drainage .ndercroazings at several places iIn the canal
reduce the supply to tail-end field channels. However, the farmers urder field
channels originating directly from the distributary are benefited from this
seepage water .

THE FARMING COMMUNITY IN DC 5

The farmers In IC 5 are relecatses who lived In the reservoir area prior
to iIts construction. They have been settled in t= hamlets located some 3 kms
from =acn other. The land under FC 44 and 45 In the head have been allocated
to settlers iIn Hamlet 2 while the land under FC 46 is owned by farmers in
Hamlets 2 and 3. The land under the other 9 field channels is owmed by farmers
in Hanlet 3, located very close to the IC 5 command area. The agro-distance OF
settlers In Hamlet 2 is nearly 3 kms along the main highway, the only access to
their fields after the commencerent of cultivation.

Since 99 percent of the settlers had lived in adjacent localities in the
Tissamaharama area and knew each other well before ccming to settle, the pattern
of social interactionamong the settlers IS similar to that of a purana villaze,
A significant nunber of farmers under some Tield channels have close kinship
relations. Almost all the fanners under UC 5 are permanently settled and have
close 1interactions with the people In Tissamaharama, Pannegames and
Lamugamrehera,

CLIMATIC DATA

The daily rainfall and computed evapotranspiration (ET) , based on measured
ran evaporation data this season at Lunugamwshera N Tissamaharama for the
period of 11 January to 30 March 1990 are given in Figure 7.02. The total
rainfall for the study period in msha 1989/1990 is 334.6 mm. The long term

average rainfall of the project area for the period of 1 November 1989 to 30
March 1990 IS 257 mm,

The month-wise rainfall, numbter of rainfall occurrsnces per month and
highest recorded monthly rainfall are presented for 1988, 1989 1990 seasons
along with long terms averages in Table 7.02, Monthly rainfall oecurrences for
the season indicate a high variability with high monthwise rainfall In January
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and March. On the other hand, computed &t values as per Table 7.03 remain more
or less the same as In the previous seasons studied.

SEEPAGE AND PERCOLATION

The measured average value of seepage and percolation over the season iIn
tract 1 varied frem 18.3 mm/day tO 6.5 mm/day as indicated iIn Table 7.04.
Allotment No. 751 showed high values ranging from 35.1 mm/day 1O 63.3 mm/day,
while it was 0.3 m/day 1O 18.1 mm/day iIn the lowland allotments studied. As
in the case OF OC 2 In tract 5, the measurements intc 5 indicate wide variation
and location specific nature.

INSTITUTIONAL FRAMEWCRK FCR WATER MANAGEMENT

Tne organizational structure of the Cepartment. OF lrrigation remained the
sare. As the construction work under phase 11 had been suspended the resident
engineers were somewhat relaxed and could contribute more to ¢ work In the
respective canal system than in the past. [C 5 had been officially tumed over
to the farmers™ organization: hence the Department expected it to take more
responsibility for o&M. However, farmer leaders as well as farmers were not
very aware of the new responsibilities testowed on them by the tumowver. In
addition, about 60 percent of the farmers did not even imew that o 5 had been
handed over to the farmers®™ organization; therefore they went to the office of
the work supervisor to solve ir irrigation problems; but he could not help
az 1t was sugposed to be managed by the president of the farmer organization.

To both the farmer representatives and the field level minor staff of the
Irrigation Department, "handing over™ mant that the president of the farmer
organization 1Is responsible for doing what was previouslydone by the Irrigation
Cepartment.  Field level staff. The president, the key person of the
organization, expected the Department W take action to pay him for the
operational work he was doing "voluntarily” for the organization. In addition,
there existed a tension between the work supervisor ad the president of the
farmer organization at the beginning; hence the president, who lacked technical
knowledge of system operation, could not get the necessary guidance from him.
The 1rrigators who are temporarily hired laborers felt that the handing over of
canals would lead to the termination of their employment.

Because of the political and social disturbances prevailing during the
land preparation period and for some time thereafter, the higher level officers
of the Irrigation bepartment and the lrrigation Management Division project
manager could not pay auch attention to the Incidents at the newly harded over
canal, though they did intervene when the tension between the work supervisor
and the president, and the president and farmers, becare a problem for water
management 1N the DC 5 area. The president had threats fron the farming
community Who believed that the water shortage during some periods of land
preparation cccurrad as a result of canal closures by Irrigation Department
officials on wrong Information given by the president. Though Department
officials intervened and explained to fanners the reasons for the canal closure,
the incident led to the leader™s giving up all operational and other tasks he
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performed on behalf of the organization. After his resignation In early
December, there was a geried of nearly one mnth in which neither the Irrigation
Department nor the organization was responsible for the operation of the canal.
With the implementation of rotations in mid-January, the Irri(I:]ation Derartment
assigned an irrigator to attend to the operation of this canal.

WATER MANAGEMENT CURING THE LAND PREPARATION PERIOD

Though IIMI started research on the institutional aspects of water
management In TC 5 with the water issues to tract 1 on 2 November 1989, It w==
not accompaniad by water measurements In the turmout areas because we expected
to continue research on DC 2 In tract 5. We started water measurements only
after the water issues to tract 5 were stopped. We did collect data on the
progress of land preparation in all the field channels under the canal. In
addition, we carried out an irdspth Study on the progress of land preparation
in three field channels, = 44, 49 end 52, located in the head, middle and tail
of the canal respectively, to identify the constraints associated with the delay
in the progress of land preparation.

According to the cultivation calendar agre=4 upon at the kanna meeting,
the First day of water issue was 2 November, while the last day for sowing was
2 December 1989. The Irrigation Department normally ISsues a limited supply to
the right bank main canal at the beginning, instead of the full supply quantity
of 2,256 I/s (80 cusecs) for land preparation in tract 1; it issues the full
requirements based on field observations and the demand of fanners. In this
season discharges from the right bank main sluice fron 2 to 7 November was below
1,128 I/s (40cusecs). This was increased to 2,256 1I/s by 8 November.

In the case of DC 5, water did not reach the branch of DC 5 because it

had not been cleaned by the day of water issues. The delay in canal cleaning
becau canal had handed o aiiizati

gﬁgu t %dDepartrEQ'eeny] eexpected the tc%?‘e(i:]glnizatlonOv\tlgrdotocalr-{'lﬁ fcglré“%\e'nnl‘?\g. aﬁtﬁﬁt{r‘%@
president of the organization had arranged canal cleaning by hiring farmers for
direct payment by the pepartment, they failed to clean the canal by the due
date. The rest of the canal was cleaned both by hiring the farmers and through
self-help campaizns organized by the president of the farmers’ organization and
the fanner representatives. As a result, there wes a three day delay in
supplying water to the branch of pc 5.

The discharge into the right bank main canal was reduced from 2,256 I/s
to 1,128 I/s on 13 November to remove the coffer dam across the main canal below
the cross regulator at the boundary of tracts 1 and 2, to issue water to tracts
2 and 5 for the season. This created a water shortage in DC 5 for two days.
Similarly, the discharge was reduced to 479 I/s (17 cusecs) on 2 December and
the canal was completely closed on 3 December. The discharge «w=as again
increased to 2,538 I/s (90 cusecs) on 5 December. COC 5 fanners experienced a
shortage of water for a period of 5 days because of the reduction of discharge.
Since the reduction was just after stopping of water issues to tracts 2 and 5,
the farmers thought that the Irrigation Department had not put sand hags below
the cross regulator between tracts 1 and 2 to stop leaks. In their view the
rain received was iInsignificant. The rainfall figures for 2 and 3 December are
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2.0 mn/day and 1.8l mm/day respectively. ©On this basis it can be argued that
there was a shortage of water to DC 5 for a period of 10 days during the land
preparation period.

Our interviews with farmers and farmer representatives revealed that the
problems they encountered during the land preparation period were aggravated by
the irregular canal operation by the canal lsadsr. According te farmers and
farmer representatives, the leader was particularly worried only about the
shortage to his owmn canal and tried t solve the problems of those farmers on
his canal. When the Irrigation Departrent. operated the gate, the farmers were
able to contact the work supervisor or 1rrigator ard get the discharges to field
channels increased If necessary. But the leader was busy with his own and other
various community work, meetings, =t<.; hence fanners could not meet him and get
solutions to their water problems.

Our interviews with the leader also revealed that he did not know how to
operate the distributary and field channel gates to maintain adeguate water
levels In field channels. The capacity constraints of the field channels, and
lack of skills by the leader for operating the canal gates promoted a feeling
arong the farmers that the farmers” organizations cannot le operation work.
Since the distributary organization in Hanlet 3 did not hold regular meeting for
security reasons, the management capacity of the organization in handling the
new rescongibility wes further reducad,

FINDINGS ON THE PROGRESS OF LAND PREPARATION

The land preparation progress in maha 1989/1990 InDC 5 tract 1 right bank
and FCs 44, 49 and 52 are shoan in Figures 7.03 and 7.04. The following are the
major observations:

1. A typical farmer InDC 5 takes about 3.0 to 4.0 weeks for completing land
soaking and preparation from the day he receives water in his allotment
10 sowing, against 4.0 1o 5.0 weeks by a typical farmer in tract 5.

2. The average nurber of days required by a farmer between the receipt of
water and first plowing, between the first ploving and second plowing,
between second plowing and puddling, and between puddling and sowing are
4 to 5 days , 9 to 14 days, 13 to 16 days, ad 1 t0 3 days respectively.

3. The total time required for 90 percent completion of sowing INC 5 IS 6
weeks from the date of First water issue. However 100 percent completion
took nearly 7.5 weeks.

4. The rainfall received during the land preparation period (inNovember and
December) was about 118 mm while rainfall in October just prior to the
beginning of land preparation was 137.5 mm.

Our Interviews with 77 percent of the farmers, 47 out of 61, In the three
sample field channels have brought out the follewing as shown in Table 7.06:

1. Nearly 75 percent of the farmers (35 out of 47) reported that they have
water problems. Four farmers out of the twelve who claimed that they have
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no problem with water were found to be depending solely on drainage water
for irrigating their allotments. The other eight fanners who had no water
problem are from FC 44 iIn the head-end. Farmers of FCs 49 and 52 located
respectively in tho middle and tail of the distributary complained of
insufficient supply to the head of the field channels. It could be seen
however that out of the 21 farmers interviewed In FC 52, 14 (67 percent)
had access to drainage water, a significant factor compensating for
scarcity. In the case of FC 49, only one out of 15 interviewed has accesc
to drainage water. Both these canals (FCs 49 and 52) rave more than 18
allotments under them ad the canals are long and poorly maintained.
Water leaks through the farm turmout gates even when they are closed
reduce the supply to the tail allotments. In addition, canal losses by
way of seepage are very high InFC 49 because of the dilapidated condition
of the canal bund which has been encroached by fanners to extend their
allotments.

We observed farmers iIn long field channels such as fos 49 and 52
practicing rotations even during the land preparation period. The
rotation In FC 49 was a three hour issue to each allotment twice a week.
In FC 52 each farmers was allowed six hours issue for land soaking,
reduced to four hours after first plowing. The entire flow In the canal
is utilized by one farmer under these rotational arrangements initiated
by field channel leaders. There were no rotational issues In FC 44 during
the land preparation pericd. The fanners in ¥Cs 49 and 52 adhered to
these rotations as they cannot practice simultaneous sharing, as done by
farmers of FC 44, because of the canal capacity constraints.

However, our data on the progress of land preparation do not indicate a
significant variation between the water short and water abundant canals
(Figure7.04). Though water is a real constraint for farmers under rC
49, 1t was not by itself the major cause of delays. Other constraints,
such as lack of farm power, credit, and labor imposed a stagger which
overshadowed the imgact OF the canal capacity constraint. The data
collected from 47 farmers in these three field channels on these aspects
show that 41 farmers (87 percent) had to delay land prepration due to
one or a combination OF factors such as shortage of tractors, credit and
labor. There are 35 cases (74 percent of the total sample) reporting
delay due to lack of credit, 30 cases (64 percent) due to shortage of
tractors, and 17 (36 percent) due to shortage of labor.

Over half, 24 out of 47, were not entitled to tank loans as they had
failed to settle loas taken in previous seascons. A majority of farmers
who had failed to settle loans are from FC 49; they attribute this to low
yield due 1O scarcity of water. It should e noted, however, that two out
of the six farmsrs who had no problem with input supply and farm power
have still taken more than one month for land preparation. They are ftail-
end fanners of FC 52 who depend solely on the field channel for irrigating
their allotments.

It is also noteworthy that there is a significant difference in farmers®
perceptions about the duration of the lard preparation period, which
ranges from 17 to 40 days under constraint free conditions, but is within
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a period of one month 1N 90 percent of cases. But in actual practice it

anges between 22 to 41 days. Only 29 percent conplete land preparation
within 30 days. The Department of Agriculture recommends completion of
land preparation within 20 to 25 days, but our data show that it is not
possible because of various constraints faced by fanners.

WATER MANAGEMENT AFTER COMPLETTION OF LAND PREPARATION

According to the Irrigation Department, the irrigation schedule w=s
implemented from 29 Novenber 1989. The Implementation of the schedule implies
a reduction of discharge to the distributary and field channels compared to the
iIssues made during the land preparation period. lherefore, the implementation
of the schedule needs to be accompanied by field channel rotations. However,
our field observations and iInterviens with fTield level officers of the
Irrigation Department substantiate that the rotations were not inplemented in
any of the field channels under TC 5. When interviewed in the first week of
January 1990, these field level officers informed us that operation of the canal
Is being handled by the president of the farmers®™ organization; hence they were
not involved In operational activities iIn the distributary belov the offtaks,
However, the leader had given up his responsibilities by 6 December 1989 as a
result of conflicts with fanners over shortage of water.

Since our Tield level observations cannot be substantiatedwith water flow
measurements at the time of implementation of the schedule, we cannot provide
recise data on water deliveries. Our ral field level observations,
onvever, show that the Department contin to issle rankful discharges until
13 January 1990. As shown in Figure 7.03, the progress of land preparation In
L 5 up t the end of Noverber 1989 is only 10 percent; hence we strongly doubt
the schedule could have been implemented by this day without affecting the
progress of land preparation,

The field channel rotations INnDC 5 comenced on 14 January 1990 with the
involvement of an irrigator hired by the Department. The lrrigation Department
also started current metering and measuring 3&F iIn the IC 5 area during this
period under the supervision of the senior Irrigation engineer (Water
management). cur water Flow measurement starting on 10 January 1990 irdicates
a reduction of supply from 13 January 1990 as shown in Figure 7.05. However
Figures 7.05 and 7.06 on target and actual deliveries do not iIndicate the
implementation of rotations in the strict sense, though reduction of discharges
to some Field chann=1s are observable.

With the exception of some tail-end fanners on long field channels serving
more than 18 allotments, the other fanners did not complain about shortage of
water during this peried. 1t IS observed that hs=ad-enders too face water
problems at intervals of closing and opening of the right t=rnk mailn =anal after
rains. It should also be indicated that the Irrigation Department officers
including the senior irrigation engineer paid special attention to water
management activities In DC 5 after_implementation of rotations and m=sds regular
field visits to the tract 1 area. Though some fTields still required water, the
water issues to the tract were stopped by 19 March 1990 because of rains.
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Conveyance Losses

Oour water measurements in DC 5 substantiate high conveyance losses
occurring at various levels of the canal systam. Table 1.06 indicates canal
losses between the branch distributary and FC 52 resulting from ssepags,
overtopping of canal bunds and leaks frem undercrossings.,

Target and Actual Discharges at Heads of DC 5, its Branch, and ¥Cs 44, 53, 54

Figures 7.05 and 7.06 indicate the actual daily deliveries at the heads
of bC 5, the branch of bc 5, and FCs 44, 52, 53,and 54 from mid-January to 18
March 1990, the last date of water issue for the season. It can be concluded
from these figures that bCc 5, FC 44 and FC 54 were oversupplied most of the time
whille the other three canals were undersupplied. The actual discharges to ©c
5 from 10 January 1990 to 8 February 1990 are very much higher than the target.

The non-compliance with the scheduled operation is also observable from
the daily flow hydrographs for FC 44, the branch distributary, and FC 54. FC
54 at the tail, which is supposed to be closed completely on certain days, is
kept open throughout. Since this canal is in the extreme tail it has not been
provided with a gate and discharges to this canal are supposed to be controlled
by Interventions at other field channel gates and at the DC 5 offtake, However,
because of a defect in a check structure, the discharges to the canal cannot be
Tully controlled.

The figures indicate that in actual operation rainfall was not accounted.
IT the rainfall had been accounted for, the supply would have run below the
target. Nevertheless, the Department had closed or reduced the supply to the
main canal whenever there was sufficient rainfall. For example, bc 5 was closed
for 6 days in January (between 2nd to 8th January) due to heavy rainfall of 106
mm during this period.

Adequacy of Supoply

The weekly rws values for this season at the heads of oc 5, FC 44, the
branch distributary, FC 52, FC 53 and FC 54 are presented In Figures 7.07 and
7.08. Inpc 5 the rws values were above 1.15 throughout the period studied.
FC 44 at the head of DC 5 shows high rwS values ranging from 1.5 to 2.4 while
In FC 54 in the tail 1twas 25 to 3.5. FC 52 and 53 Indicated an inadequate
supply most of the season.

Following the Department’s irrigation schedule and the design assumption
for oc 5 which classifies the entire command area under the canal as lowland,
we have adopted meazur= 3&P values applicable to lowland in calculating R\ for
the canals. However, our field observations reveal that nearly 50 percent of
the land i1s highland. 1fwe calculate F#s adopting values applicable to lowland
and highland on a 50 percent basis, the rRws values iIndicated in the figures
would be reduced rough1l:%/ by two-thirds. The figures throw light on the real
water crisis faced by the farmers und=r the branch distributary, FC 52 and ¥C
53 which had an inadequate supply even with the &5 calculated adopting values
applicable to lowlands. It appears from these observations that the Derartment

purposely oversupplies the distributary in order to avoid severe water problems
associated with the defective canal design.
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Water Delivery Psrformancs

Table 7.07 indicates the mean R¥S, maxiram and minimm BW3 as well as
Water Delivery Performance (wDP) for the season. As iIndicated In chapter 5,
the mean ®%8 and WDP are almost the same. These values are higher than 1. The
supply In DC 5 is not equitable as WP varies between 1.02 to 2.76 iIn Fcs 53 and
54 respectively. The table demonstrates a decline in supply frea head to tail
along 0 5. However, FC 54 In the extreme tail does not represent this tendency
due to a construction defect in the canal mentioned earlier.

Equity of supply

As indicated in Figure 7.09, mean %5 is higher than 1.0 in all the field
channels and T 5 except in FC 53. FC 54 iIn the tail recorded a high value
exceeding 2.5 because water issues to the canal were continuous and sould not
be controlled due to a defect in a check structure.

Dizoussion

It is evident from the daily flow hydrographs of the long camnals such as
FCs 52 and 53 that the total requirements after crop establishment cannct be
provided by them even by owverloading 0c 5. This indicates the gravity of
capacity constraints of pc 5 during land preparation period. However the
serious water problems In many of the field channels have been alleviated by
thelr favorable location which compensates for scarcity by sespage from the
distributary and main canal, drainage water and higher groundwater table.

The farmers generally start land preparation late because of social ad
economic constraints and therefore capacity constraints of the canal do not form
a major obstacle. However, iIf the farmers had fewer constraints with respect
to 1nput supply, credit and farm power, then the capacity constraint of the
canal would become the dominant factor affecting land preparation. With the
canal capacity constraint, the total land preparation period for rice in the
canal cannot. be shortened and might take roughly one and a half months.

IRRIGATION MANAGEMENT DIVISICN ACTIVITIES

The higher level officers of the Irrigation Management Division had
arranged several training programmes for project managers, institutional
devalopment officers and irrigation engineers this season. Inaddition, several
Irrigation Management Division officers came to meet the project manszsrs and
made field visits to identify field level problems. Though the Division showed
improvement in 1ts activities such as providing training to officials, 1t failed
to bring to an end the conflicts of the fanners iIn the old and new systems, The
farmers OF the old area were seen organizing themselves to avoid being
"deprived” of 200 percent cropping intensity. They had serious arguments with
rarmers OF the new system over water whenever project management brought them
together for a discussion of water allocations. Tensions worsen between the
farmer leaders of the old and new areas whenever a joint mesting of these
farmers is called for. The old area farmers have also developed a dislike for
certain officers iIn the new area of the project as a result of these =onflicts
over water.
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Institutional Organizer Program

The Irrigation Management Division selected 18 institutional organizers

and fielded them after two weeks training this season. We closely studied the
institutional organizer program in the right bank area to which 11 institutional
organizers had been assigned. Those assizned to tracts 2 ad 5 of the right
bank could not implement the program as instructsd because the farmars were
faced with severe water scarcity and poverty, and could not be organized for any
purpose. However, the institutional organizers In tract 1 right bank and tracts
1 and 2 left bank could work with the farming cormunities and initiate self-help
campaigns for field shannel maintenance work. Though It is too early 1O comment
on this program definitively, the following key problems could be 1dentified:

1.

Some of the institutional organizers were not well versed with the key
concept of the program and viewed their role as being to help fanners to
find solutions to problems by active involvement just like an officer.
The farmers and farmer leaders too expected institutional organizers to
solve their problems. Some iInstitutional organizers were seen working
very hard with this idea inmind. This syndrome has been observed under
the Irrigation System Management Project in Polonnaruwa, where there is
better supervision (see TEAMS 1990).

Though some Institutional organizers were knowledgeable about the key
concepts, they were biased towards the farmers” views. Most of them In
tracts 2 and 5 expressed views ad ideas against the crop diversification
program planned for yala 1990 in tracts 2 and 5, as did the fanners. The

too believed that water 1ssues are not made for rice even thoug

sufficient water is available iIn the reservoir. The iInstitutional
organizers thought that farmers -an grow rice in both seasons. They did
not know the project plans and objectives. This raises guestions about
project specific training for institutional organizers.

Most of the field level officers of line agencies did not understand the
role of iInstitutional organizers. They expected them to do certain
administrative tasks such as distribution of applications for agricultural
loans. The institutional organizers at times could not refuse these
requests as 1t would affect the fanner community. However, involvement
In such activities may lead to a wong identificationof their role by the
farming community. This suggests the necessity of training of middle and
Tield level officers on the Irrigation Management Division“s program and
the role of institutional organizers.

The institutional organizers in the field were confronted with certain
problems which discouraged them freez attending to their duties
effectively. The major problem was the failure of farmer organizations
to find solutions to certain problens such as stray cattle grazin%eand to
take action against those wo do not attend to canal cleaning and fencing.
The institutional organizers who tried to encourage farmers to find
solutions to =uch problems found that they cannot be solved without scme
legal support to farmers” organizations. Even the leaders whom we
interviewed expressed the view that farmers” organizations need sane legal
authority to deal with such problams if they are to survive and to be
valued by people.
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5. In many hamlets, the institutional organizers were discouraged by the
leading men of the farmer organizations who took them as a threat to their
role as patrons to the famer community, There were many ceccasions 1IN
which some leaders created problems for institutional organizers to bring
them into conflict with farmers. Some organizers faced this anallenge
successfully while others were highly discouraged. ©n the directives of
Irrigation Management Division head office, institutional organizerswere
recently instructed to inform field channel groups that the leaders orce
selected can hold office only for a pericd of two years. When this was
intimated to leaders they got annoyed and viewed it as an attempt to
expel them from their positions. Since some Of these leaders are well
accepted In the comi ty, holding new elections must be done tactfully
or the organizers will face tremendous resistance from these leaders.

6. Institutional organizers felt that they need much more training arg
guidance to tackle field level problems. The organizers in tracts 2 ad
5 had this feeling when confronted with the challenge of changing farmers®
attitude to cultivating non-rice crops,

In general, the institutional organizer program w=s well received by the
farming communities 1IN tracts to which water issues hed been made last maha. In
other tracts, the fanners are experiencing severe poverty and are therefore
more concermed about making a living than forming organizations. The
institutional organizers working In these tracts found i1t difficult to meet
fanners and organize group meetings. The organizers assigned to these two
tracts had to face resistance from fanners after the kanna meeting in which all
project level higher officers including the Irrigation Management Division
project manager requested the farmers to grow non-rice crops to put an end to
the water crisis in the project. The farmsrs had come to the
meeting with the expectation of water issues to cultivate rice: they were very
angry with all the officers including those attached to the Irrigation
Management Division. The organizers could not get any farmers to attend field
channel group meetings after the kanna meeting; in addition, farmers started to
criticize the attempts to organize them when there is no water to share.

STRATEGIES FOR TURNOVER OF DISTRIBUTARIES TO FARMER ORGANIZATIONS

Operation and maintenance responsibilities for CC 5 were handed over to
the farmer organization in Hamlet 3 a few months prior to the commencemant OfF
this season. Some improvement work in the canal was contracted out to the
organization. When the water 1Issues for the season started, the O&M
responsibilities of the canal were supposed to be handled by the farmers-®
organization. As discussed above, the farmers' organization failed to handle
these responsibilities during the land preparation period, and as a result, the
Irrigation Department had to take over the responsibilities again. The failure
of the organization to handle these responsibilities are associated with the
following problems:

1. Farmers® lack of understanding of the responsibilities bestowed on them
by turnover.
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As our Interviews with the fammers reveal, they are not clear about rhat
is meant by the turnover of the canal. To many of them it means that the
president of the organization will take over the canal operation. In the
case of maintenance, their view iIs that the Irrigation Department should
employ farmers on daily pay basis for maintenance work.

Too much dependence of the organization on one or two individuals.

The farmers” organizations iIn Kirindi oya have an inherent defect of
depending too much on one or two leading men iIn the organization. We
pointed out in our earlier reports how the resignation of such leading
men affected the activities of the organizations iIn tract 5. The same
argurents hold gocd not only for the organizations in tract 1 but in the
entire project area. as far as the handing over of ot 5 Is concerned, it
had been handed over to a single individual who used to run here and there
to solve fanners problems with the desire of being a leader of the
community. However he later told us that he expected a payment from the
Irrigation Department for operational work done by him. When he got
frustrated with the members of the community he gave up operational
responsibilities and the Department had to takeover the «anal again.

Design defects of the canal.

The distributary leader initiated the turnover of the canal to the
farmers’ organization because of the serious problems encountered by
farmers iIn irrigating their allotments when the Department :=z: handling
the operation. The leader realized that the problem were due to capacity
constraints, but he believed that they could be solved by flexible
operation of field channel gates. This flexibility == not possible when
the Department was operating it; therefore he wanted to take over the
responsibility on behalf of fanners.

Lack of support from the field level staff to the turnover program.

Though the turmover of <k responsibilities iIs the Government’s policy,
the Tield level minor staff of the Irrigation Department is not aware of
it and therefore is not able to help the organizations or assist them iIn
taking over such responsibilities. As we saw in pc 5, the field level
officers appeared to have the misconception that the farmers” organization
has intruded Into thelr territory by taking o&M responsibilities into
their hands.

Lack of training for leaders on <&,

We observed In p¢ 5 during the land preparation gericd that the leader
lacked technical know-how and skill t adjust the field channel gates to
distribute water; hence some canals received too much water while others
were faced with scarcity. This could have been avoided by giving proger
training to leaders on canal operation.

Turmover must be a slow process In Kirindi Oya, in view of the weakness

of the farmers”’ organizations. The Irrigation Management Division has to
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identify first of all which organizations are capable of taking larger
responsibilities by careful monitoring of the progress of the organizations.
On the other hand the Irrigation Department needs to give a lot of assistance
ad guidance to the organizations to prepare them to take over oM
responsibility. At the same time the Department should also find solutions for
technical problems impeding smooth operation of canals like ¢ 5 constraints
before tumowver of such canals.

PROGRESS OF YALA 1990 croP DIVERSIFICATION PROGRAM

The iInitiatives taken to assist the Department of Agriculture research
staff at the ¥Weerawila Agriculture Research Station in developing the station
for conducting on-farm water management experiments were described In the
Interim Report {(ITMI 1989a). The [limited progress on the on-farm research
during the yala season of 1989, as well as the progress made on observational
trials in farmers fields by the extension staff were briefly reported in the
Seasonal Summary Report (1IMI 1989).

The process by which an action plan for crop diversification in yala 1990,
and 1IMI's role In this process, iIs described In this section, The plan
includes proposed cropping pattems, cropping calendar, irrigation delivery
scheduling and land preparation methods. Initial developments during yala 1990
are also described,

Preparation oOf the Action Plan for Diversified Crops In Yala 1990

The project authorities headed by the project manager (settlement) were
engaged In the preparation of the action plan for the cultivation of non-rice
crops N ifala 1990 during the last quarter of 1989. The main line agencies
responsible for preparing this plan consisted of the Irrigation Pegartment,

of Agriculture, lLand Comuissioner, and lrrigation Mana
Division, ther with the Department oFfF rarian Services, Marketing
Department and the regional hanks, None of the icials representing the above
agencies had much prior first hand experience iIn implermenting a programn of
diversified cropping under irrigation during a dry yala season In a major
irrigation settlement project; the planning exercise w=s therefore an Important
and useful leaming exercise.

A First preliminary draft of an action plan was prepared by the senior
field staff of the project, based mainly on the irrigationdelivery computations
made by the consultants (Water Management Consultants 1989). Drawing on IIMI™s
three years of experience in Its studies on irrigation management for crop
diversification in the North Central Province of Sri Lanka, 1IMI"s senior staff
were able to make a substantial input Into the draft action plan In the three
broad areas of cropping pattems, irrigation scheduling and cropping calasndar,
and farmer participation and organization.

Cropping Pattems. It was suggested that crops with a sowing-to-harvest
duration of less than 90 days be given priority iIn view of the restricted water
supply; and that crops which need a similar irrigation frequency of one—in-seven
days be selected. On the foregoing consideration the main crops would be green
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gram, cowpea, soybean end black gram. Since these crops fall within the
category of low productivity crops, provision was made for small extents of high
productivity crops such as onion and chillie to be permitted in order to enable
fanners to reap a better incore. It was, however noted that tarmers who grow
onion and chillie would have to adopt the same irrigation frequency as for the
grain legume crops, and that farmers growing chillie would do so at their omn
risk beyond the 90 to 100 days permitted.

It was agreed that the major focus OF activity should be in right bank
tracts 2 and 5, taking iInto consideration the probable average inflow into the
reservoir and also the fact that these two tracts were deprived of a maha rice
cultivation.

Irrigation Scheduling and Cropping Calendar. Since the irrigation staff
had no prior experience of irrigation delivery scheduling for non-rice crops
during the dry season, I1Mi’s interventions in this area baaed on Its experience
proved useful. Apart from what quantities should be issued for the land
preparation period and the subsequent rotationaldeliveries for the crop growth
period, the more complex management problems of rotational deliveries between
distributaries, field channels and farm allotments were the more important
Issues on which considerable guidance was needed.

Following discussionz with staff of the key departments, the following
framework for irrigation scheduling and cropping pattems was adopted:

1. Irrigation deliveries to commence In the First week of April with twe tO
three deliveries of 70 mn each to be made within a 14 day period. This
would enable farmers to prepare their seed teds and drill the seed by mid-
April. Maximum use of the rainfall was to be made during this period and
also a cutting dowmn of the amount of planned delivery according to the
amount of rainfall received. Land preparation to be encouraged soon after
the maha rice crop was harvested and minimm tillage practices to be
encouraged such =z buming of rice straw in the field to reduce weed load.

2. After crop establishment, the 1rrigation delivery schedule to be strictly
once iIn seven days with a 70 mn issue for each delivery. Ten such
deliveries will be adequate for grain legumes. Any delivery beyond 90
days 1T needed for chillie will be made according to availability of water
in the reservoir, and farmers would, therefore, be growing chillie, which
takes more than 120 days, at their owmn risk.

3. While the foregoing delivery schedules would Inhibit the growing of rice,
It wes recognized that farmers located in the poorly drained soils end at
the end of the field channels will make use of the night flows of
irrigation water to grow rice. Again, drawing on ITMI’s research
experience, It was decided to pemmit farmers located on poorly drained
soils to grow rice, but with the strict understanding that the water
delivery schedule will be only once In seven days and that they would have
to rely on the seepage from the adjacent uplands to augment the water
needs of a rice crop, and also be content with loner rice yields.
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4. The rotational scheduling between distributaries and field channels to be
worked out by the Irrigation Department according to the command area
falling under the respective distributary and field channels., However,
a measure of flexibility to be retained iIn order to make mid-course
modifications,  In respect of the delivery schedule within the field
channels, the management staff opted for each farm allotment using the

full stream of 1 cusec (28.3 1/s) for a pericd of 5-6 hours rather than
two farmers sharing a stream of half -use: each.

Farmer Paprticipation and Organization. The need for a strong and
effective coordinating mechanism supported by a gocd ccammication system
between farmers and officials was stressed at all meetings and discussions, In
order that the rscommsnded cropping pattems and delivery schedules could be
properly mplemented. W#hile this wes tacitly accepted by the agency staff,
there was no clear outcome of how this could be achieved. The Irrigation
Department. staff who had a good understanding of the physical make Up of the
irrigation system shoaed a high degree of confidence In managing the propossd
irrigation delivery schedules. However, the other line agencies responsible for
developing effective farmer organization and commmication between farmers and
agency staff were not able to match theilr activities to the sare degree.
Moreover, the present fragmented nature of the organizational structure in the
prﬂ% was a further constraint to developing affective farmer-agency
co ration.

Serious staff constraints were also experienced by the Department of
Agriculture consequent on the transfer of the field level extension staff to
the poverty alleviation progran. Approval wes obtained to recruit temporary
staff to Till this gap in time for the yala season, and the limited staff
resources of the training division of the Department were also to be utilized
for the farmer training activities.

I1IMI was, on the whole, not In a position to help out on the above
problems, except to bring to the attention of higher level authorities at the
Ministry level the shortcomings and the adverse effect these would have in the
implementation of the action plan In yala 1990. On the other hand, 1IMI was
able to influence the thinking of the agency staff in the field to pay
sufficient attention for developing a good communication and feedback mechanism
during and after each water delivery since this was one of the crucial
management areas recognized In IIMI's research in the North Central Province.

Monitoring of Progress in Planning and Implementing of the Program

A senior 1IMI staff member, together with 1IMI Field r=s2arch staff, have
been attending the meetings held every month (Eexcept February 1990) since
December 1989 at the chief resident engineer"s office Cebarawswa or at the
training center at Weerawila. These meetings were held mainly to review
progress in planning for implementing the yala 1990 Action Plan, and to identify
roblems arisi fron a frequently changi scenario in the vater suppl
glmatlon in ﬂ?eg main Lunugamwehera yreservm?’g coupled with farmers going @cl)(/
on decisions arrived at In the earlier kanna meetings. Faulty decisions at
higher political levels (egz., diversion of water to Bandagiriya reservoir) have
further complicated the situation, and the original plans have had to be

Trequently modified at each successive meeting.
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Prograss on Crop Diversification Plan for 1990

Although the earlier plans for diversification in yala 1990 were based on
a very tight water supply situation In the main reservoir, the above normal
March-April rains coupled with above average infiows have resulted In a cefter-
than-normal water supply situation. This has posed iIts own set of problems
where farmers who earlier agreed to grow non-rice crops, now desired to grow
rice.

With good inflow to the resenoir towards the end of maha 1989/1980, the
project ranagement had a meeting with the fanner representatives of both the
old and new systems to discuss plans for water issues to the various su .
The Irrigation Department proposed afm issue of 24.7 million n‘ﬂﬁar(‘Z’0,000 ac,ft) 1O
Ellegala system, and 6.2 million [n3 5,000ac. ft) 1o Badagiriys to start rice
cultivation, and 12.3 million »’ ' 10,000 ac,ft) 1O tracts 2 and 5 to cultivate
non-rice Ccrops on a bethma basis, each farmer cultivating 0.5 ha. Most of the
famer representatives in tracts 2 and 5 informed officials that the famers
cannot undertake other crops for economic reasons. Though the project
authorities atterpted to Inplement the other field crop program as per the
action plan developed by project officials, 1t could not be implemented iIn
tracts 2 and 5. At the kanna meeting for tracts 2 and 5 the fammers requested
water for rice. The Irrigation Department explained to them that the water
available In the reserwir was not sufficient for rice cultivation, but 1ts
explanation waes not accepted by many farmers,

The reasons for the failure of the crop diversification progran In these
tracts are:

1. The poverty of the farming community; there had been no maha cultivation
because of the lack of water.

2. The temporary residence of farmers In settlement areas due to lack of
livelihood.

3. Lack of credit facilities for about 75 percent of farmers. Though the
Central 2ank of Sri tanka has agreed to provide credit for non-rice crops
undertaken even on a bethma basis, nearli/ 75 percent of fammers as
defaulters on previous loans are not eligible for bank loans. The money
lenders ad others who lend for rice on high iInterest rates zre not
prepared to provide credit for cultivating non-rice crops.

4. Threats of powerful farmers against those who were prepared to cultivate
other crops.

5. Stray cattle problems and threats from cattle owners against fanners ready
to cultivate other crops.

6. The decision to issue water 1o Badagziriya for rice. Many new area farmers
view the program for promoting other field crops as a pretext for issuing
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water to Badagiriya for rice, bypassing tracts 2 and 5 where project
management expects farmers to cultivate other crops .

The earlier plan to confine non-rice crop cultivation to right bank tracts
2 and 5 hed. to be abandoned because of fanner unwillingness at the latter stage
to grow other crops. Instead, plans were medified to grow other crops on about
1200 ha on bethma basis in left bank tracts 1 and 2 and right bank tract 1 soon
after the maha rice crop was 1 be harvested. The area planned was shortly
afterwards reduced to 400 ha, with water issues to begin on 5 May for land
preparation. By 25 May, it ws reported that land preparation for about 200 ha
of non-rice crops had geen completed.

The Irrigation Department staff worked on developing feasible delivery
operational procedures and schedules for tethma cultivation. The Department of
Agriculture In late April had to address a new problem of heavy weed load in the
Tfields consequent on the extra rainfall received over several weeks, and the
land preparation problems that would arise as a result of this excessive weed
load. They later reported that they were able work out a satisfactory technique
using herbicides to control the weed load and thus enable timely land

preparation.

There has been a continuous delivery of water to the above extents since
S5 May. This will continue up to 5 June. However, toth distributary and field
channel tumout gates are closed between 8:00 ®{ and 6:00 AM by lrrigation
Department turmout attendents. At night the water is sent to Ellegela and
Radagiriya, This IS a new Innovation In management of turnout deliveries for
this project aimed at preventing night irrigation of rice.

Despite reservations expressed earlier, the farmers in the above 200 ha
have been able very successfully to complete the land preparation within 20
days. The tractor power available within the project area has just sufficed
for this extent. There will definitely be a constraint of farm power If a larger
extent of land preparation is undertaken. The beds for planting of onions
(shallot) have been very well prepared, while the most popular crop 1Is
groundnut, which needs a less well prepared seed bed.

The main problems highlighted by fanners are shortage of seed onions,
uncontrolled cattle trespass, and lack of cheap and readily available fencing
materials.

The Importance of coordinating the various activities of the respective
line agencies in water delivery, land preparation, seed and input supply had
been stressed at the 24 April meeting. The senior staff of the line agencies
working iIn the project, especially the Irrigation Cerartment and lrrigation
Management Division, have showm a high degree of confidence, motivation and
coordination In planning and Implementing this season.

L. A decision not to issue water 1D Badegiriye was later reversed,
apparently due to some political pressure. Thus, farmers in tracts 2 and 5
right bank, who had no maha crop, watched water pass through their tracts to
Radagiriya Tor those farmers to grow rice.
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Progress OF On-Station R2s=arch at Weerawila and Anginukolapelessa

Water management research for Kirindi ¢a has to recognize the basic issue
of shortage of water which results in having 1o spread the water *“thinly" over
the maximum extent it the project 1S 0 bring Irrigation benefits to the largest
number of farmers. Therefore, a key research goal for Kirindi Oya must be to
support the development. oF technologies to assist serving the largest number of
farmers profitably. The research has to therefore generate a series of watsr-
related recommendations for non-rice Crops.

Important among these will be one which deals with irrigation requirements
in relation to rainfall and time of planting. Faced with perennial water
shortages, especially during yala, agency staff must make recommendations for
planting dates and irrigation schedulles which maximize production and minimize
water release. Inaddition to the on-station research outlined in the Inception
Report (1IMI 1938a), experiments on 1irrigation requirements in relation to
rainfall and time of planting were therefore inttiated for yala 1990 with four
Crops green gram, soybean, cowpea and sesame with the following dates of
planting:

30 March with rainfall
10 April with rainfall
20 April with rainfali
30 April with pre-soaking with one irrigation

Because of the uncertainty of water izsues In yala at Weerawila, these
experiments were located at the Angunukolagelessa Agricultural Research Center.
A limited trial to demonstrate the feasibility of establishing these crops with
the early yala rains was also iInitiated at Weerawila Agricultural Research
Center.

During the last IIMI visit to these lecations on April 24, therewas clear
evidence that non-rice crop cultivation for the yala season iIs best commenced
with the early yala rains and thiz could, therefore, effect a major saving in
irrigation requirements. A similar time of planting trial with six crops
including cotton and maize will be conducted during the forthcoming maha Season
at both locations.

THE IMPACT OF THE DRAFT FINAL REPORT

The Central Coordinating Comaittee for the Kirirdi Cya lrrigation and
Settlement Project met on 15 February 1990 and discussed ILMI’s Draft Rinal
Report as one of the agenda i1tems. In that meeting, the State Secretary for
Irrigation was requested to visit the Kirindi Oya project and subtmit a report
containing his suggestions for remedial measures to Improve the management of
the project. His rscommendations for iInstitutional changes and remedial
measures were framed following discussions with the Land Comnigsioner, Director
(Irrigation), Director (Irrigation Management Division), Govermment Agent
(Hambantota), the present fanner representatives of both the old and new areas,
senior and field level staff of the Irrigation Department, Department of
Agriculture, lLand Ceommissioner’s Department, and Department of Agrarian
Services. His recommendations are briefly summarized here.
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Institutional Changes

The present iInstitutional arrangements which were principally Intended
for the construction phase of the project are no longer appropriate for the
present operational phase. There should = one project manager from the
Irrigation Management Division for the whole project including both the new and
old areas. This project manager would coordinate all activities within the
project with the help of a new project management committee for the entire
project. This comittee would comprise farmer representatives fron the old ad
new areas of the project and the key officials at the project level. Water
allocations for each season are to be decided by the committee subject to
approval by the Government Agent, Hambantota,

A "Special Task Force" of the Central Coordinating Committee comprising
State Secretary (Irrigation),Land Conmissioner, Director (Irrigation),Director
(Irrigation Management Division) and Director (Water Resources Development.)
would provide necessary guidance and instructions to the project manager. The
project coordinating committee and the District Agricultural Subcomittee of
Hambantota District, presently existing, will continue to oversee ccordination
of all departments and agencies and give direct assistance to the project manager
and the project management comittee.

Four separate subproject management committess for Badagiriyva
scheme, Ellagala , right bank new area, and left bank new area
constituted with r representatives and department officers would
coordinate all water management and related activities within their areas
of operation.

The chief resident engineer will take full responsibility for all
oM works; the remaining construction work will ocome under the
adninistrative and technical control of thedeputydirector of irrigation,
Hambantota,

Farmer Organizations

In any major 1irrigation project, rational and successful water
distribution cannot be achieved without effective farmer organizations,
an appropriate institutional arrangement to coordinate the work of all
govermment agencies, and an appropriate mechanism where the fammers®
organizations are able to participate iIn the project and water management
activities.

As documented iIn previous chapters =z well sz this one, the fanners®
organizations formad by the IrrigationManagement Division have been found
1 be weak and ineffective in performing the tasks expected of them in the
participatory management approach. Their leaders are not successful In
representing the famers™ views or communicating agreements back to
farmers when seasons are planned. AW the one attempt to "tum over” a
distributary to fanners wes aborted because the organization was not yet

ready for managing thelr subsystem.

The IrrigationManagement Division has to revamp the existing farmer
organizations, form new field and distributary canal organizations and
give proper training to famsr representatives. In this endeavour, the
project manager and his staff require guidance and assistance from
Colombo.
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Crop Diversification

The cropping patterms planned In the past could not be implemented
on the ground for many reasons. These Include the farmers” organizations
not being strong and effective, the lack of fanner participation In the
decision-making process, ineffective extension services and institutional
support arrangements, lack of adequate credit and marketing facilities,
ad lack of strong overall project leadership. Strong project leadership
IS required to overcome these problems; improved credit and marketing
facilities would help create incentives for farmers to organize ad
respond by adopting more profitable cropping patterms. In view of the
water shortage In the project, farmers must be given incentives to shift
from growing rice to non-rice crops.

The Govermment has proposed to set up a “pilot ar=a* Of 400 ha iIn
left bank tract 3 where the First 40t families to be newly settled could
be brought Into an experimental crop diversification progran. This pilot
area will be jointly managed by the representatives of these 400 families
and a selected team of project staff headsed by the project manager. It
would include special training, axd support to reduce risks of zrowing
non-rice crops. Based on the suzcess Of the project in the pilot area,
the program of crop diversificationwill be extended to the neighboring
areas of the project on a planned basis.

Joint ¥anagzement. OF the Systam

It 1s proposed to bring the Kirindi Gya project under the
participatory management policy of the dGovernment, Under this
arrangement, the Irrigation Derartment would operate and maintain the main
canals, and all distributary and field canals would be operated and
maintained by the fanners” organizations. This change will be effected
through the mediun of the project manazement. committee and the subproject
committess, One of the essential pre-requisites for the turming over
strategy is that the fanners” organizations should be fairly strong and
effective. This is not presently the case in Kirindi ¢ya. Therefore,
turning over of distributary and field channels to farmers” organizations
will have to follow the implementation of proposals for reconstituting and
strengthening farmer organizations.

At the project level, the following changes have taken place:

1 The Irrigation Management Division has taken initiatives to train
Its project managers, institutional dev=lopment. Oofficers and the
officers of the Derartment OF lrrigation, after the sutmission OF
the Draft Final Report. lrrigation Management Division OfFFicers
from headquarters have made regular field visits subsequently and
tried to identify field level problems.

2. The Department of Irrigation has realized the necessity of adopting
realistic sz values and climatic data In their w=tec delivery
schedules; therefore, they initiated some field measurements during
maha 198971990 which have provided results similar to our own
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findings. In addition, Irrigation Department officials took action
to collect more reliable data from the weather stations in the
project.

Therefore, to conclude, it is clear that the Government has given
greater priority to improving the management of Kirindi Oya and has taken
concrete measures to implement improvements.
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Table 7.01 Command area of field canals in RB Tract 01 distributary canal 5.
DC SDC FC Area (Ha) TOTAL Number of
Upland Lowland {Ha) Allotments
Dc-5 FC-44 0.0 15.2 15.2 15
FC-45 0.0 111 111 11
FC46 0.0 132 13.2 15
FC-46A 0.0 9.1 9.1 10
FC-47 0.0 17.2 17.2 19
81DC-5 | FC-51 0.0 152 15.2 16
FC-48 0.0 6.1 6.1 6
FC-485 00 273 273 24
FC-80 0.0 10.1 10.1 18
‘OTAL S | c-5 0.0 58.7 58.7 84
FC-62 0.0 223 22.3 22
FC-53 0.0 19.2 18.2 19
FC-54 0.0 8.1 8.1 7
OTAL DC-5 0.0 174.1 174.1 182




Table 7.02 Rainfalldistribution in right bank tract 5 at Weerawila
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Jan Feb Mar  Apr May  Jun Jui Aug Sep Oct Nov Dec
Rainfall{mm) - = 120.4 2256 39 349 449 179 34.0143.7249.5158.2
No. of Occurrence - - 11 12 3 6 4 8 7 10 18 11
Highest recorded (mm) - = 194 794 24 105 353 37 120 659 76.0 427
1989
Rainfall {mm) 140.2 28.2 110.1 7.1 625 18.1 1183 7.8 394 1375 871 30.0
No. of Occurrence 5 3 3 4 7 2 11 5 5 8 10 4
Highest recorded {mm) 116.7 17.0 558 33 207 185 29.0 54 175 612 226 18.1
1990
Rainfall {mm) 106.1 8.9 1016 161.3
No. of Occurrence 4 5 10 11
Highest recorded (mm) 65.7 56 399 392
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Table 7.03 A comparison of computed evapotranspiration{(ET) based on pan evaporation

measurements at Weerawila with evapotranspiration values adopted for the design
based on climatic variables at Angunukolapelessa.

(mmld ay)

(with 26% e.p#)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1988 - - 58 45 39 61 55 52 57 58 61 6.0

Measured ET

{mm/day) 1939 26 41 37 48 55 66 51 64 66 60 46 6.2
1980 48 44 48

Design ET 38 45 51 50 52 58 61 62 63 51 36 37

# - exceedance probability
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Table 7.04 S&Pvalues (mm/day} In RB tract O1.
Head Middle Tail
llotrnent NO 751 757 779 759 773 774
35.1 0.3 0.2 0.5 0.9 0.3
39.1 03 10 1.3 43 05
41.0 04 1.2 15 49 0.7
420 04 27 16 5.9 13
57.8 10 30 1.7 6.0 1.8
63.3 1.0 3.0 19 6.3 19
1.3 31 19 7.0 2.0
1.3 3.1 21 7.5 2.2
14 31 2.3 7.7 25
1.7 3.2 24 79 2.7
1.7 33 2.5 82 2.7
2.0 35 3.1 8.3 2.7
20 3.9 4.6 9.1 28
2.2 4.0 4.7 10.0 2.8
25 44 50 10.1 30
2.5 4.7 55 10.5 3.1
31 4.8 5.6 12.1 31
31 49 6.0 12.8 3.4
3.2 50 6.7 17.9 34
33 50 6.8 19.2 35
35 51 6.8 35
3.6 54 7.2 3.8
3.8 55 7.2 38
38 59 7.6 3.9
38 6.7 7.8 40
40 68 8.1 4.0
4.0 6.8 8.7 40
53 7.0 121 4.2
6.5 7.2 12.6 4.3
6.9 75 134 4.5
80 8.2 18.4 4.5
9.1 8.3 19.7 4.8
12.2 8.6 27.2 4.8
8.8 52
10.5 52
11.1 54
11.6 55
5.7
57
6.0
6.2
6.2
11.0
18.1
Minimum 35.1 0.3 0.2 05 0.9 0.3
Maximum 83.3 12.2 116 27.2 19.2 18.1
Mean 46.4 33 6.4 8.8 8.8 41
S.D 104 2.7 2.7 5.9 4.2 28
Cov 0.2 0.8 05 0.9 05 0.7
Average 18.3 68 6.5




Canal FC 44 FC 49 FC52 Total
(Head) | (Middle) (Tail)
Number of Farmers 16 24 22 61
Number Interviewed 11 16 21 a7
Interviewed % 73 83 95 77
Shortage of water 4 14 18 36
Shortage of water % 20 69 82 54
No shortage of water 8 1 3 12
No shortage of water % 63 4 13 23
Access lo drainage 0 1 14 16
Access to drainage % 0 4 63 2%
. Tractor shortage 9 11 10 30
Tractor shortage % 60 45 45 50
Lack of Credit 8 12 15 36
Lack of Credit % 53 80 68 57
Labour shortage 9 6 2 17
Labour shortage % 60 25 9 al
Not entitled to bank leans 6 12 6 24
Not entltled to bank loans % 40 80 27 39
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‘able 7.06 Canal losses between Sub-DC and FC-62
Date Losses Date Losses Date Losses
littsac litsec lit/lsec
10-Jan 40,08 01-Feb 430 24-Feb 10.86
11-Jan 16.84 02-Feb 1448 26-Feb 16.86
12=-Jan 20.61 03-Feb 12.47 26-Feb 11.73
13-Jan 2361 04-Feb 1049 27-Feb 17.66
14-Jan 22,41 06-Feb 12.62 28-Feb 0.76
15-Jan 15.68 06-Feb 6.80 01-Mar 4,45
16-Jan 39.64 07-Feb 6.68 02-Mar 1.22
17-Jan 48,21 08-Feb 10.06 03-Mar 1001
18-Jdan 45.32 08-Feb 10.10 04-Mar 1093
19-Jan 49.78 10-Feb 26.46 06-Mar 764
20-Jan 47.14 11-Feb 16.36 06-Mar 2.79
21=Jan 30.05 12-Feb 18.17 07-Mar 16.19
22-Jan 9.24 13-Feb 12.17 08-Mar 23.48
23-Jan 20.61 14-Feb 7.35 09-Mar 22.99
24--Jan 383 16-Feb 8.85 10-Mar 19.10
25-dan 13.88 16-Feb 942 11-MU 22.89
26-Jan 7.92 17-Feb 16.66 12-Mar 20.12
27-dan 10.09 18-Feb 8.00 13-Mar 9.90
28-Jan 26.13 19-Feb 12.44 14-Mar 1441
29-Jan 19.24 20-Feb 7.74 16-Mar 260
30-Jan 18.96 21-Feb 6.39 16-Mar 4.30
31=Jdan 17.00 22-Feb 13.37 17-Mar 4.30
23-Feb 20.86 i8-Mar 6.10
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Table 7.07 Relative water supply (RWS) and water delivery performances {WDFP)
for right bank tract 1DC 5.

DC-5 FC 44 SUB FC 52 FC 53 FC54

Minimum RWS 128 1.22 1.18 0.87 0.78 212
Maximum RWS 2.00 2.60 1.88 1.62 1.42 3.63
Average RWS 1.83 1.a5 1.29 1.16 1.00 270
WDP 1.83 2.04 1.30 1.18 1.02 2.78
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Figure 7.02 Rainfall & Evapotranspiration
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