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Foreword

IRRIGATION Is A major strategy of developing countries to support agricultural production.
However, the success in rice production which has enabled a number of countries in Asia
to attain self-sufficiency has also resulted in a reduction in economic returns from
irrigated ricelands.

There are at least three options by which this problem could be addressed: a) by
increasing the economic yield of rice; b} by increasing the area served by scarce water
resources through more effective and efficient irrigation system management: and ¢) by
introducing crops of higher value than rice into the irrigated rice farming systems. The
International Irrigation Management Institute (1IMI) and the International Rice Research
Institute (IRRI), considering the complementary strengths of the three options, and
through a grant from the Rockefeller Foundation, conducted ajoint study of them. IRRI
clearly has interest in the first option. The second is a part of IIMI's mandate to improve
irrigation system management. Both institutes are concerned with the third option of
getting higher economic and more equitable social returns from the water and its
associated land.

In addressing the three options, the project attempts to look at the problem from a
comprehensive point of view to include agronomic, socioeconomic and institutional
issues related to rice and nonrice crops in irrigated rice-based farming systems.

The project was conducted in collaboration with national agencies and institutes and
scientists in Bangladesh, Indonesia and the Philippines. The consultation meetings held
with the national agencies began in October 1987 in the Philippines and Indonesia, and
in a limited way, in Bangladesh in January 1988. The consultations facilitated the
identification of the research areas and the formulation of a collaborative strategy to
implement the project. The project had six broad objectives:

1. To characterize the factors influencing the options for changes in rice-based
farming systems, and to identify the more important options in selected geo-
graphic locations:

2. To determine the degree to which different levels of irrigation system perfor-
mance influence the ability to incorporate changes in the farming systems
effectively;

3. To develop efficient and economical methods for managing irrigation water
delivery and the use of postrice residual water for rice-based systems in which
nonrice crops are grown, with special reference to implications for agronomic
practice and for institutional performance and change;



4. To transmit and interpret the research findings to agricultural and irrigation
system managers, planners and policymakersto encourage informed and better
decision making;

5. To enhance the development of trained professionals in the area of irrigation
problems through the provision of graduate research opportunities; and

6. To provide an opportunity for IRRI and 1IMI staff to interact in a variety of
collaborative activities which would permit the developmentof an effectiveand
mutually supportive long-term relationship.

This volume documents the proceedings of the workshop organized to review the
findings, recommendations, and other project accomplishments using, as a basis, the
above broad objectives. The review not only consolidated and synthesized the findings
and recommendations but also identified appropriate strategies to operationalize the
recommendations.

The forty-two participants from the national agencies in Bangladesh, Indonesia, the
Philippines and Sri Lanka, the International Rice Research Institute and the International
Irrigation Management Institute strongly feel that the generated information and tech-
nologies should be further evaluated through some kind of piloting. A gradual internal-
ization process is needed to really feel the impact of the recommended innovations.

An action plan is needed to implementthe findings so far obtained. Strongerand more
active participation of the irrigation agency and fanners is envisioned. Likewise other
agencies involved in agriculture (from production to marketing) should be included. The
involvement of the research group will become less and less as the recommendationsare
adopted and institutionalized.

The workshop also identified ideas or areas of work for further research. Provision
of the basic drainage facilities is necessary, particularly for upland crops. Looking at
the farmers' situation, their motivation to participate in irrigation management should
be studied more deeply.

In implementing these recommendations, the role that 1IMI and IRRI have to play is
still apparent.

IIMI and IRRI wish to thank the Rockefeller Foundation for supporting the project and
providing the opportunity for the two institutes to have a solid start toward a lasting
collaborativerelationship, while enabling the professional development of a number of
national staff from the collaborating agencies.

IIMI and IRRI also extend their gratitude to the national agencies, research institutes
and scientistsin Bangladesh, Indonesiaand the Philippines for their unstinted supportand
cooperation throughout the conduct of the various aspects of the project.
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Thanks are also due to several colleagues, especially Drs. Donald Parker, Hammond
Murray-Rust, Douglas Vermillion, Alfrede Valera and C. M. Wijayaratna of 1IMI and
Drs. Terence Woodhead and Prabhu Pingali of IRRI. who have shared their time and
expertise to address the objectives of an interdisciplinary and multidisciplinary research.

Special thanks are due to Dr. Senen M. Miranda (Senior Irrigation Specialist, IMI) and
Dr. Sadig I. Bhuiyan (Agricultural Engineer, IRRI) for coordinating the implementation
of the project and for organizing the workshopand to Dr. Amade R. Maglinao (I1IMI-1RR]
Collaborative Project Researcher/Coardinator in the Philippines) for his assistance in the
preparation of the workshop proceedings.

Khalid Mohtadullah
Directorfor Research
International Irrigation Management Institute
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Welcome Address

Roberto L. Lenton
Director General, International Irrigation Management Institute
Colombo, Sri Lanka

| po INDEED want to extend a very special welcome to all of you here from the
agriculturalinstitutes,irrigationagenciesand otherorganizationsin Indonesia, the
Philippines and Bangladesh, to our special invitees from Sri Lanka, to our col-
leagues from IRRI and to my colleagues from overseasoffices of 1IMI, Drs. Parker
and Wijayaratna.

It is very fittirg that IIMI's first workshop since the decision a week ago to
incorporate IIMI into the CGIAR system is being held in cooperation with the
International Rice Research Institute. | am sure all of us consider IRRI to be the
flagship of the CGIAR systemand we are very pleased to have this workshop in
cooperation with IRRI. We are very pleased that Drs. Bernardo, Woodhead,
Bhuiyan and Pingaliare joining us on this occasion. Oneobjectiveofthestudybeing
reported in this workshop was to foster an effective and mutually supportive
relationshipbetween IRRI and IIMI. | strongly believe that this objectivehas been
very well achieved.

Thesubjectof thisworkshopisexceptionallyimportantto all the countries of this
region. We all know that these countriesare increasingly reaching self-sufficiency
inrice. We know that the returns to rice production are decreasing, that we need
to foster and encourage the production of nonrice crops in rice-based systems,and
that we need toimprove themanagementof imgationsystemsinordertofosterthe
production of nonrice crops. | am sure that the results of this study will help in
introducing measures for managing water effectively, in rice-based systems in
which nonrice crops are to be grown.

| am particularlypleased that this study is addressingthe issues of irrigationfor
nonrice cropping in rice-based systems from the broadest point of view, that the
technical issuesare looked atboth from the on-farmand the main irrigation system
levels,and thateconomicand institutionalquestionsarealsogoingtobeaddressed.
Undoubtedly, it will be important to consider strategies to operationalize the
recommendationsand findingsthat have been developed throughthese studies. In
this connection, the research network on irrigation management for rice-based
farmingsystemsthat Dr. Miranda has introduced over the last few years will play
avery useful role. For all these reasons, I am sure that the results of the studies and
the proceedings of thisworkshopwill be eagerly awaited by those concerned with
irrigation management and agricultural production in the region.



Over and above the specific results of the studies, | personally believe that the
IIMI-IRRI project has served as a very useful example of cooperation among two
international institutes and many national agricultural research programs in
several countries. It is a model of cooperation that | think should be emulated
elsewhere. Itisalsoanexcellent exampleof thevalueof combining country-specific
researches carried out in Bangladesh, Indonesia and the Philippines to arrive at a
synthesis that is generalizable and useful in many different contexts. | believe this
combination of field research and synthesis is what makes the study unique and
valuable. | amsurethiswill foster cooperationin other areasthat will yield equally
productive results over time.

Once again, | would like to welcome you all to this workshop.



Opening Remarks

Fernando A. Bernardo
Deputy Director General, International Rice Research Institute
Los Banos, Laguna, Philippines

Thank you Dr. Miranda, and thank you Dr. Lenton for the warm welcome

IT1s INpEED MY pleasure to be here to attend this workshop and see many familiar
faces. We would like to congratulate IIM] for being among thefouror fivedifferent
research institutesthat were recentlyaccepted to the CGIAR. Itisonly [IMIthat has
been accepted without any condition at all. May I invite you to join me in giving
IIMI a big applause.

In this workshop, you can see the cooperation not only among international
agricultural research centersand the national agricultural research programs, but
also the cooperation between the oldest member of the CGIAR which is IRR, and
the youngest member which is IIMI. This is not saying that IRRI is more important.
Even before IIMI's acceptance to the CGIAR, IRRI had already recognized the
importance of collaboratingwith 1IMI. During the last four years, we had hoped
that IIMI would eventually be accepted to the CGIAR system.

Theimportanceof irrigationmanagementfor rice-based farmingsystemscannot
be underestimated. Studiesat IRRI have shown that increases in rice yield can be
attributed to at least three major factors, namely, use of modem rice varieties,
improved management of soil fertility, and of course, water management. This
shows the importance of water management in the Green Revolution. In fact, our
data also show that although irrigated rice occupies only about 40 percent of the
total hectarage for rice, it produces about 72 percent of rice in the world.

I would like to mention a few things about IRRI’s strategic plan as it has just
celebrated its thirtieth anniversary this year. In other words, IRRI has been in
existencefor thirty years since 1960. The original idea was to have the institute for
onlytwenty five years, as planned by the Rockefeller and the Ford Foundations. We
arenow thirty years old and we feel that we are on the crossroads. We believe that
IRRI should continueforanother thirty years,but many donorsthink otherwise. In
fact, many donors feel that IRRl has done its job as rice production has increased
tremendously. Even differentcountriesfeel that investmentonrice research isnow
o low priority. We would like to disagree, not because we would like to continue
inour employment, but because we feel that IRRI asan institutionshould pointout
the fallacy in the thinking of the policymakers.



If you look at the world population, you will note that it continues to increase.
In fact, we were surprised last year when we were in China,and a Chinese scientist
presented figures showing that even in China, which has been very successfulin
family planning, population will continue to grow and will not stabilize, perhaps,
until the year 2025or 2030 or even later. Because of the increasedbirth rate and life
span of man, population growth will continue. However, our resources for
production, particularly land resources, have been decreasing. If population
continues to grow and land resources for rice production decrease, where are we
going to get rice for the future generationsto come? Thus, there is no alternative
buttocontinue researchto intensifyproductionbut whenyou intensify production,
many problems will also arise.

IRRI has developed a strategy for the year 2000 and beyond to address the
problem. We feel that weshouldaddress the problemsof not only the irrigated rice
lands, but also of the less favorablericeareaswhichmaybe moredifficultto handle.
IRRI is trying to work on rain-fed lowland rice, on deep water rice, on saline areas
near seashores, and on upland rice where water management is also very impor-
tant. We are also trying to adopt a strategy that will increase the yield potential of
rice in favorable areas by producing new plant types of rice and associated
technologies. We further hope to maintain yield gains. High productivity may be
achieved but how to stabilizethis for the future isimportantaswell. Of course, low
productivity is always sustainable,but if we are going to address the problem of
increasing demand for rice, we must achieve high productivity and make sure that
thisis sustainablewithout degrading the environment,without soil degradation or
pollution.

Intensification of production in rice lands will also receive our attention; that is,
growing not only severalcrops of rice but also growingother cropsbefore or after
rice. Again, water managementbecomes important because the problem of using
availablemoisture before or after rice is a technical concern as well as an area with
social implications.

In view of all these, IRRI is happy to collaborate with 1IMI and the national
programs in the Philippines, Indonesia and Bangladesh and hopefully, with other
national programs aswell. | understand that this project, which comesto an end
in December 1990, involves only the three countries because at the time of its
inception, IIMI’s presence in other countries was limited. Now that IIMI is a
member of the CGIAR, we are sure that there will be more collaboration not only
with other international agricultural research centers but also with other national
programs. We, therefore, look forward to the continuing cooperation with IIMI as
well as withothernationalprograms. lamglad tobehereand happy topartiapate
in your workshop.



SECTION I

Technical Considerations
for
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Irrigation System Management
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INTRODUCTION

IRRIGATIONWATER 18 a critical factorincrop production in Bangladesh. Recently, much
concern hasbeen expressed aboutimprovingthe performanced existingirrigation
systems, as many have lower efficiencies and crop yields than their potential.
Planners, administratorsand donor agencies seem to be shifting attention from
building new irrigation systemsto improvingthe performanceaf the existingones.
Torealizethis goal, there isa need to develop and implementpractical methodolo-
giestoupgrade the performanceof the systemsand allow farmersto achievehigher
benefits from the use of irrigation water.

There are very few research studies to pinpoint the weaknesses in the major
irrigationsystems;fewerstillarethose that demonstratehow to effectivelyalleviate
them (Wickham and Takase 19/). Field studies are needed to identify the nature
and magnitude of water management problems and to develop methods of
improving water management. The studies reported herein determined technical
requirements for improving imgation system performance through better water
management in the Ganges-Kobadak (G-K) Project, North Bangladesh Tubewell
Project (NBTP)and some selected tubewells of Rajshahi District in Bangladesh.

The Ganges-Kobadak (G-K)is a lift-cum-gravity irrigation systemwhich started
operation in the mid-sixties. It is the first and still the largest of its kind in
Bangladesh. In this system, water is lifted from the Ganges River by pumps and
distributedbygravitycanals.Itisobservedthat the pump operationscheduleinthe
past has been erratic. Records for the past 19 years (1971-1990)indicate that the
pump operationwas started at various times between the last week of December
and the first week of March. Uncertainties in the schedule of irrigation water
deliveries may lead to wasteful management of water and loss of time caused by
unpreparedness of farmers for productive use of water.

The North Bangladesh Tubewell Project (NBTP)vas established during 1962-64
and is operated by the Bangladesh Water Development Board (BWDB).There are
3Blelectricallydriventubewellsto pump groundwater fordry-seasoncropsand for
supplementing rainfall for rice production in the wet season. Each tubewell has a
discharge capacity ranging from 57to 1141ps and a lined main canal whose length
ranges from 290 to 670meters. All tubewells operate as independent units_About
31,580ha of land area in the districtsof Thakurgaon,Panchagarhand Dinajpur were
expected to be irrigated by the 381 deep tubewells in the project area giving an
average area of 83 ha per tubewell. In practice, the extent of theactualirrigatedareas
is much lower. In addition, 960more deep tubewells, supposed to be handed over
to the Grameen Bank, have been installed in the project area.

In Rajshahi area, studieswere initiated in fifteen selected tubewell areasin 1989
in cooperation with Bangladesh Agricultural Development Corporation (BADC)
and Rajshahi Krishi Unnayan Bank (RKUB).BADC is implementing an integrated
area development project in 15 upazilas of Rajshahi, Nawabgonj and Naogaon
districts. The most important component of the project is to provide groundwater
irrigation by installing 3,000 tubewells. So far, the project has been able to install
about 2,40tubewells. The tubewells havebeendistributedamonginformalgroups
o farmers for their use on what BADC calls an “irrigation fee charge basis.’
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This paper highlights the important findings of the collaborative research in
Rajshahi, the Ganges-Kobadak and North Bangladesh Tubewell projects. The
specificobjectivesin relationto the technical considerationsfor rice-based farming
systems are:

1. Toidentify and analyze strategiesand methods followed in the operation
of the irrigationsystems.

2. To suggest an optimal pump operation schedule for increasing water
utilizatiorrand crop production.

3. Tosuggestimprovement alternatives for increasing system efficiency.
4. Toexplorepossibilities of reusing drainage water.

5. Tominimize operational losses of irrigation water and increase irrigated
area, crop yield and improve distributionequity.

METHODOLOGY AND MEASUREMENTS

Research Sites

In the G-K Project (Phasel), the field research sites are in the service areas of nine
tertiary canalsbelonging to three secondary canals: the fourth, ninth and eleventh
secondary of Kushtia main canal (34K, S9K and 511K). They represént the head,
middle and tail reaches, respectively, of the main canal. Likewise, three tertiaries
were selected from each secondary canal to represent the head, middle and tail
reaches of the secondary. The tertiariesare: T3, TS, T18 of S4K; T3, T6, T10 of S9K;
and T2, T6, T10 of S11K (Figure 1).

Inthe North Bangladesh Tubewell Project, field research was conducted mainly
in 12selected tubewellsand their serviceareaswhich were chosen to represent the
whole system. These pilot tubewellsare: tubewell nos. 63, 77, 89, 93, 117, 118, 119,
120,125,126,138and 142.

In Rajshahi area, a total of 15 tubewells have been selected randomly for the
study. Among the 15sample tubewells, 6 are from the irrigation fee charge based
system (BIADP), 3 each from rental without RKUB support, rental with RKUB
support and privately owned and managed systems.
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Field Observations and Measurements

Fifty observation paddies {bunded rice fields) were selected in each tertiary/
tubewell in G-K and NBTP and 20 paddies from Rajshahi areatorepresent the head,
middle and tail reaches. Seasonal data on water and production status and
discharge and daily data on rainfall, evaporation, seepage and percolation are
recorded at each selected tertiary and tubewell.

Water use for land preparation. Land preparation period wasconsidered as theperiod
from seedbed preparation up to transplanting.Water use during land preparation
was measured at the tertiary / tubewell headgate. Aggregate analysis for water use
was made considering plot to plotirrigationdistributionwithinand amongfarms.
Land preparationperiod for Aus seasonwas taken as the 40-day period prior to the
date when 75 percent of the farmers have completedtransplanting, ar the seedling
age used by 75 percent of the farmersplus 5 days, whichever was less. The period
of additional five days was considered as the preparatory period for seedbed
preparation and for arrangement of seedsby farmers.

In the Aman season (July-Augustto November-December), water use for land
preparationwas theamountcomputedfortheperiodfrom5days prior to the date
when 75 percent of the Aus rice (plantedin March-April) fieldswere harvested to
the date when 75 percent of the fields were transplanted to Aman rice.

Seasonal water use. Seasonal water use was assessed for the period from the
beginning of land preparationto 15days prior to the complete harvest in 75 percent
of the plots of each tertiary/tubewell area.

Nonbeneficial water use. Irrigation water delivered in the tertiary /tubewell canals
prior to the initiation of land preparationin Aus was considered nonbeneficialand
unused. Unused water was measured for the years 1983-1990 for the selected
tertiaries of G-K and was expressed in ha-cm.

Data analysis. Based on the collected data from the project, the present water use
status in terms of water distribution, drainage reuse, pump operation and crop
scheduling, among others, was assessed. Other available data from 1982to 1989
were likewise used in the analysis.

RESULTS AND DISCUSSIONS
Ganges-Kobadak Project

Pump operation. The project has a designed total pumping capacity of 153m?/sec
(CMS) (5,400 cusec) with three main pumps of 36.8 CMS (1,300 cusec) capacity each
and 12subsidiarypumps having a total capacity of 3.54CM$ (125cusec) (synopsis
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on G-K Project, Kushtia Unit, Phase I, March 1977). but the maximum actual
dischargerecorded was only 87.3CMS (3,086 cusec) (NEDECO 1980). Records for
the past 19years (1971-1990) indicate that pump operationwas started at various
times between the last week of December and the first week of March (Table1). In
1980, pump operationwas begun in December (for 1981)and in 1978it was begun
in January. During 1982-1983, pump operation was started in the first week of
February, whereas in 1984-1985it was started in the latter part of February.

TableI.  Initiationand suspension dates df pump operation in Ganges-Kobadak Project, Kushtia,

1971-1990.
Year — Pump ¢ | ration
Initiated Suspended

1971 Feb 18

1972 May 07 Nov 08
1973 Feb 15 Nov 12
1914 Feb 12 Nov 09
1975 Feb01 Nov 07
1976 Feb 17 Nov 10
1977 Jan 06 Nov 10
1978 Jan25 Nov 12
1979 Mar 03 Nov I5
1980 Mar 03 Nov 14
1981 Dec 23 Nov 14
1982 Feb 01 Nov 09
1983 Feb 03 Nov 18
1984 Feb 20 Nov 11
1985 Feb 25 Nov 14
1986 Feb 26 Nov 12
1987 Mar 10 Nov 21
1988 Nex 05 Nov 15
1989 Mar 07 Nov (5
1990 Fcb 23
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In 1979and 1980, pump operationwas not started until the firstweek of March. It
is evident that the pump operationschedule in the past has been erratic. This may
have led to the wastage of water as unused volume (Table2). Atimely and reliable
water delivery scheduleshould be a major goal of the project to improveirrigation
effectivenessand farmers’ crop production. A proposal for shifting the operation
scheduleto February-Octoberwas considered recently but due to annual mainte-
nance of pumps and desilting of the intake channel every year by dredging, the
proposed schedule could not be implemented.

Early start of irrigationwater deliveryenablesfarmersto starttheir Ausrice crop
earlierand harvest by July. Thiswill alsoenable transplantingthe Aman rice at the
optimum time, i.e., by the middle of August. Delayed operation of pumps forces
farmersto delay seedingand transplanting Aus rice, which adversely affectsAman
rice production.

Rainfall distribution and evapotranspiration.Average weekly total rainfall and evapo-
transpiration (ET)rates for the seven-yearperiod 1983-1989 indicate that rainfall is
higher than evapotranspiration for the months of May to September (Figure 2).
Long-term rainfall and evaporation records at Amla (the nearest meteorological
station for S4K area) and Jessore (whichis the nearest for $9K and S11K areas)also
show a similar relationship, except that in Amla the monthly ET is higher than
rainfall in May (Ghani 1987).

It can be observed from Figure 2 that April (which is the driest month) and
October are the critical months for Aus and Aman seasons, respectively. Fromlong-
term records and from the seven-year average data, it can be concluded that
without irrigation, Aus rice crop will suffer severely in April (the crop is in its
vegetative stage) as monthly evapotranspiration is much higher than monthly
rainfall. Although that is not the case in October (when Aman rice is in its
reproductivestage),arainfall distributionand dependabilityanalysissuggeststhat
provisionof irrigation is necessary toavoid crop damage (Figure 2) (Ghani, Bhuiyan
& Islam 1981and Saleh 1981).

Considering the variability in rainfall distribution and the S&P requirements,
rainfall alone may not be enough to meet the crop water requirements. Irrigation
water will be required during most of the months including those with monthly
total rainfall greater than monthly total ET to meet potential requirements (i.e., ET
+ S&P both at potential rates).

Daily potential ET, which was considered equal to daily evaporation rate
measured by the US. Bureau Class A pan method, varies widely. The average ET
rate for the 1983-1989 period was 6.9 and 3.5mm/day for Aus and Aman seasons,
respectively, whereas the corresponding values from the long-term data from the
adjacent meteorologicalstationsare 4.2and 2.8 mm/day. Itisnot clear why the 7-
year valuesare higher than the long-termvalues. However, it was known from the
elderly people of the area that weather has become relatively warmer.

Water distributionstatus. Pumped irrigationwater is distributed to the project area
through a network of gravity canalsconsisting of the main, secondaryand tertiary
canals and field channels. The project was designed and constructed to operate
initially as an automatic downstream control system.
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Table2.  Unused water volume (ha-em) and period (days) at the beginning of irrigation water
delivery in Ganges-Kobadak Project (Phasel), 1983 - 1990.

Year | Period Location Total
and S4K SOK SHIK
volume (all
T3 T9 TI8 T3 T6  TIO T2 T6 | ocations)
1983 | Period 51 27 43 42 26 39 32

Volume | 0,579 8,086 ND |4.724 5,689 115 | 1,329 58 31,580

1984 | Period 10 13 43 18 24 20 6
Volume | 1.264 1,003 NI | 4005 1533 1,817 ] ,006 301 10,923

1985 | Period 20 25 2 35 21 48 21 4
Volume | 4607 2029 465 | 1,414 1899 2748 | 233 694 16,089

1986 | Period 14 9 6 4 12
Volume | 1,400 2,511 NI | 2035 792 af 1980 NR 10,718

1987 | Period 15 13 11 6 1
Volume | 1.944 4,036 NI | 2105 1,238 Il af NR 9.334
1988 | Period 10 7 3

Volume | 919 1236 NI a/ 368 & o a 2,523

1989 | Period 12 7 9 17
Volume | 2281 a/ NI | 1.727 938 a/ NR 1,001 5,947

1990 | Period 8 11 2 6 5
Volume | 714 911 NI 487 509 b/ 798 a/ 3,419
A erage
volume 1964 2830 2465|2357 1621 1,171 | 1669 513 11.316

al No unused period and volume.
b/ = Noprogram.

ND = 'Nodelivery.

NU = No record.

NI = No irrigation.



Figure 2. Rainfall and evaporation values of G K and NBT projects (1983-1989).
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Inthis system, the flow regulatorsshould functionautomaticallyand the water
level downstream of the regulators would control and operate them. Later, the
system was converted to a manually operated upstream control type because of
several problems encountered with the downstream control system. There are
regulators in the main and secondary canals and check structuresin the tertiary
canalsto controland regulate the flow of water.Project staff are assignedto operate
the structures accordingto the direction df the higher authority for implementing
theirrigationprogram. Most of the structureshave graduated staff gaugesbut they
are not calibrated; therefore, water flow is not measured at the headgates. How-
ever, flow depths are noted to estimate flow status in the downstream service area
by making judgements from experience. Water allocation is scheduled by the
projectauthorityby fixinga seasonalimgation targetand ithas been implemented
by adopting a rotational irrigation method since 1982.

Water distribution method. Fixed-interval rotation method of water distributionis
planned for the project area, the schedule of which is prepared at the beginning of
the season. A 9-day rotation has been in operation (since 1982)for the past several
years in which all secondary canals except secondary $4K are to receive water on
every ninth day and water flows continuously for 2 to 3 days depending on the
service area. For secondary 4K, because of its great length (29 km) ,a continuous
flow in the canal is allowed but rotation is planned among its tertiaries. Each of its
tertiariesstartsreceivingwater on every ninth day and its flow continues for 3 days.
The planned rotational method is not properly implemented in the projectarea. The
actualpractice isonein which there is no fixed interval of the "no-irrigationperiod
nor is there a fixed time of flow for the servicearea.

The present management has modified the 9-day rotation to a 10-day rotation
schedule from 1989 so that the main canal is divided into two sections, head and
tail. Each section would receive water for five days followed by a no-flow period
of five days. However, there is rotation among the tertiaries of a secondary, for
betterdistribution of water within a secondary area. The flow duration fora tertiary
is fixed based on its irrigable area.

In 1990, an in-depth study on water rotation of the G-K Project was conducted
in S8K which has four tertiary canals and a total of 44 outlets. The project
management fiied the irrigation target considering areas under 37 outlets. For
research on rotation, two outlets along each tertiary were randomly selected and
from these 8 outlets, 78 farmers were selected based on head, middle and tail
locations using a stratified random sampling procedure.

In the Aus seasons of 1983to 1989 most of the middle and tail-end tertiaries
received water deliveriesfor a lessernumber of days than programmed. Butin the
head-end tertiaries water delivery was for a greater number o days than pro-
grammed (Table . Some head-end tertiaries, such as T3/S4K, received almost
continuous water flow for the whole Aman season. On the other hand, tertiariesat
the tail of the system suffered from inadequateand irregular water suppliesup to
1989.Tertiary T2/511K, which is also near the tail-end of the system, suffered from
similar inadequaciesduring the study period.
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Table3.  Duration of programmed and actual water deliveries (days) in Ganiges-Kobadak Project
(Phase-1), Bangladesh. Aus and Aman seasons of 1983-1989.
LOCATION

Year | Seaso1| ProfAct. | T3/S4K{"9/S4K|T1864 T3/SQ’K'WS9KTIOIS9KT!IS[IHE ilSllﬂ! 10/811
1983 | Aus | Programmed| 47 42 | NR 45 40 44 35 40 NI
Actual 112 95 NR 79 34 34 37 16 NI

Aman | programmed| 34 | B | 42 | 32 | 30| 40 | 2| 4 |
Actual 69 101 103 62 63 36 109 47 NI

1984 | Aus | Programmed| 46 42 NI 45 43 41 41 44 NI
Actual 64 122 NI 38 37 28 46 44 NI
Aman | Programmed] 35 40 38 40 34 33 32 36 NE
Actual 70 111 98 85 42 28 72 52 NI
1985 Aus | Programmed| 37 40 42 47 37 29 38 40 NI
Actual 115 89 s 93 51 33 55 46 NI
A M| Programmed| 38 40 40 33 38 35 35 39 NI
Acrual 117 110 93 75 91 40 77 68 NI
1986 | Aws | ’rogrammed| 30 30 30 31 31 31 31 NI NI
Actual 12 4 74 26 34 22 44 NI Ni
A M| ogrammed| 35 35 35 35 35 35 35 NI NI
Actual 67 41 25 18 44 25 76 NI NI
1987 | Aus | ’rogrammed| 30 30 NI 31 31 31 31 NI NI
Actual 70 35 Ni 56 04 14 27 NI NI
A M| rogrammed| 35 35 35 35 35 35 35 NI 41
Actual 56 19 15 33 27 13 78 NI
1988 | Aus | ’rogrammed | 30 30 NI 31 31 31 31 30 NI
Actual 68 26 NI 20 17 10 24 28 NI
Aman | ’rogrammed | 35 3b 35 a5 35 35 35 35 40
Actual 44 37 54 51 68 38 75 52 7
1989 | Aus | ’rogrammed | 30 30 NI 31 31 31 NR NI NI
Actual 44 37 NI 30 28 10 NR NI N

Aman | *rogrammed 35 35 35 35 35 35 35 35 35
Actual 58 42 29 70 42 45 45 77 44

NI = Noirrigation.
Pro = Programmed.
NR = Norecord.

Act. = Actual.
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From these figures, it can be concluded that the rotation method was not properly
implemented and that there is a major scope for improvement in its implementa-
tion. A high priority should be given to improving this method.

Flowv rates. Table 4 shows that all tertiaries except the first two of S4K received
substantiallylower flow rates thantheir designflowratesineachof thetwoseasons
during 1983-1989. Thismay be one of the reasons for low irrigated area during the
Aus season, especially in the tail-end tertiaries.

Water delivery,availability and flow rate for the S8K areaare presented in Table
5. Actual flav duration in all four tertiaries is closer to the programmed period.
Averageavailableflow ratesarealsoclosertothedesignflowratesfor the tertiaries.
This indicates the improvement potential of the rotational scheme. If project
management gives more emphasis to the implementation of the nine-/ ten-day
rotation, it can be implemented and farmers will be benefited.

Seasonal irrigation targets andachievemenfs.Seasonalirrigationtargetsare fixed at the
beginning of the season by the project authority in consultation with relevant field
officers. They review previous years‘ achievements and experience and based on
that, prepare the current season’sirrigation targets and schedules.

The extents of areas irrigated in Phase | and Phasell of the projectin Aus and
Aman seasons during 1978-1989are presented in Table 6. The 1990irrigated area
in the Aus season was 12 percent and 59 percent higher in Phase | and Phase I,
respectively, than the irrigation coverage of 1981for the Aus season. The compari-
son is even more favorable for 1990in relation to the records before 1981.

Inthe serviceareas of nine selected tertiaries, the irrigation achievements in the
Aus seasonsimproved nominallyduring the 1982-1989(Table7) period. However,
thisimproved significantlyandconsistentlyin the Amanseasonsofthe sameperiod
(Table 8). The achievement of the 1989 Aman season was about 20 percent higher
than that of the 1981 Aman season. System level water use status in the selected
tertiariesfor land preparation and growingperiods during Aus and Aman seasons
arepresented in Tables9, 10, 11 and 12.Tables9and 10show that water use varied
largely during the Aus seasonboth for land preparation (11-355cm)and growing
period (74-444 cm). In most cases, higher valueswere in the head tertiaries. The only
exception was in T6/S11K area, maybe due to limited irrigated area and water
supply. Variationinwater use for land preparation and growingperiod duringthe
Aman season was less as compared to the Aus season.

Pump suspension. In the study area, most rainfall occurs between Juneand July;in
some years the high rainfall period extends up to mid-August. In the existing
irrigation water delivery scheduleand current farmers’ crop production practices,
the maximum rainfall period coincideswith the harvestingtime of Aus rice. Thus,
rainwater isnot properly utilized either by the crop or for land preparation for the
succeedingcrop. Therefore, the pump operation schedulemust continue up to the
middle of November irrespective of the initiation date of operation. If the pump
operation period is shifted to February-October, it will allow a more effective
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Table 4.  Designed and measured discharges for 12 selected tubewells and 9 selected tertiaries in
North Bangladesh Tubeweli Project (NBTP) and Ganges-Kobadak Project (G-Kj,
respectively.

NBT Project | G-K Project
Tube- Design Average Tertiary Design | Aus season | Yman seasol
well discharge | measured no. discharge | measured | measured
no. (m?*/sec) | discharge (m3/sec) | discharge discharge
(m?/sec) (m*/sec) | (m*/sec)
63 0.103 0.102 T3/54K 0.159 0.230 0.273
77 0.053 0.053 T9/S4K 0.142 0.189 0.194
89 0.085 0.067 T18/S4K 0.292 0.103 0.241
93 0.111 0.099 T3/59K 0.345 0.315 0.311
117 0.72 0071 T6/S9K 0.354 0.195 0.235
118 0.057 0.057 TT0/89K 0.190 0.113 0.129
119 0.083 0.057 T2/S1IK 0.207 0.154 0.180
120 0.083 0.072 T6/S11K 0.266 0.083 0.116
125 0.085 0.085 TIO/S11K 0.207 0112
126 0.106 0.078
138 0.092 0.088
142 0.085 0.085
Table5. Water ilabili status in the selected tertiaries d S8K, Ganges-Kobadak Project
(Phase Aus S son, 1990.
Depth of water Rotation status Average | Design
~ocation { Irrigable | bmigated (cm) (days) seasonal
arca area I rate
(ha) (ha) | lrrigation Rainfall Total Programme Actual {m?/ sec)E(m’/ sec)
S8K 1038 528 49 68 14 - - 070 . 076
TU/S8K 138 120 21 68 88 28 34 0.10 I 0.14
T2S8K | 381 179 28 68 95 18 14 0.52 l 0.45
T3/$8k 222 131 25 68 93 28 22 0.20 | 0.19
T4/S8k 297 97 72 68 140 18 22 0.37 E 0.35
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Table 6.  Area (ha) irrigated in Phase | and II of Ganges-KobadakProject during Aus and Aman
seasons,1978-1990.

Phase - 1 Phase - 1§

Year

Aus Aman Aus Aman
1978 15.959 26811 10556 15.164
1919 11.469 29014 7372 25254
1980 14,300 31,055 10,094 32,866
1981 16.672 33,242 12.452 38565
1982 17.148 33,721 16,447 44,436
1983 19870 34,538 15.739 40435
1984 18.276 33.364 16,077 40.288
1985 18637 36495 19.426 46.559
1986 16,077 36,508 12,308 48,943
1987 16,652 37.054 13,806 48.954
1988 15,802 31128 7.216 45545
1989 16.856 M.793 7807 45055
1990 20210 19.860

Table 7. Irrigated areain theselected tertiaries of Ganges-Kobakak Project, (Phasel) Aus Season,
1982-1990.

. IRRIGATION COVERAGE ha)
[rrigable

area(ha) I |
1982 . 1983 1984 1985 1986 1987 1988 1989 1990

Location

T3/84K 112 62(55)a | 94(84) | 97(87) | 83(74) | 63(56) | 69(62) | 69(62) | 67(60) | 62(55)
T9/S4K 98 65(66) | 81(83) | 83(85) | 67(68) | 67(68) | 67(68) | 71(72) | 61(62) | 65(66)
TI8/S4K 96 I 25(26) | 25(26) NID 10(10) - - - - -
T3/59K 428 146(34) | 162(38) | 102(24) | 162(38) | 162(38 | 136(32) | 136(32) | 62(14) | 153(36)
T6&/S9K 466 137(29) | 142(30) | 105(23) | 142(30) | 51(11) | 138(30) | 75(16) | 22(5) | 138(30)
TIWS9K 186 42(23) | 55(30) | 33(18) | 5027 | 1B(11) | 40(22) 12(6) 1H(5) -
T2S1IK| 216 93(43) | 97(45) ]| 101(47) | 102(47) | 66(31) | 101(47) | 140(65) | 51(24) | 105(49)
T&/S1IK| 285 41y %3 9(3) 6(2) - - 75(26) - 26(9)
TI0/Si1 241 13(5) 7(3) NID NID - - - - -

Total 2§28 | 587(28) | 672(32) | 531(25) | 622(29) | 427(20) | 551(26) | 578(27) | 273(13) | 549(26)

a. Figurer In parenthesesindicate percent of irrigable area
NID = No irrigation delivery.
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Table 8. Irrigated area in the selected tertiaries & Gamges-Kobakak Project, (Phase I} Aman
Season, 1982-1989,

Location| Irigable IRRIGATION COVERAGE (ha)

area (ha)

1982 1983 1984 1985 1986 1987 1988 1989

T354K 112 | 9686)a | 96(86) | 104(93) | 12(100 [ 118(105 | 106(95) | 96(96) | 86(77)
T9/S4K 98 85(87) | 8587 | 8789) | 86(88) | 86(88) | 86(88) | 98(100) | 87(89)
TI8/S4K| 96 2930) | 35(36) | 36(37) | 38(40) | 38(40) | 36(38) | 40(42) | 30(31)
THSOK | 428 | 264(62) | 275(64) | 276(64) | 304(71) [ 304(71) | 225(53) | 276(64) | 261(61)
T6/SOK | 466 | 214(46) | 241(52) | 230(49) | 245(53) | 259(56) | 134(29) § 255(55) | 243(53)
TIOFSOK| 186 | 98(53) | 147(79) | 136(73) | 145(78) | 162(87) | 79(42) | 148(80) | 126(68)
TUSTIK| 216 | 198(92) | 195(90) | 202(94) | 202(94) [ 142(66) | 205(95) | 172(80) | 126(58)
Te/S1IK| 285 | 93(33) | 113(40) | 121¢42) | 146(51) 113(40) | 162(57) | 162(5T)
Tiorsit| 241 | 17171) | 235(98) | 235(98) | 211(88) 52(22) | 13159) | 111(46)

Total 2128 1248(59)|1422(69; | 4267 | 489(70 | .109(52 [ 1036(49)| 1378(65)|1232(58;

a.Figures in parentheses indicate percent of irrigable area.
* New area was developed and included in the command area



24

Table9.  Awverage amounts of water (cm) used for land preparation in the selected tertiaries of
Guanges-Kobadak Project (Phase-1), Aus Season, 1983 - 1989.

| LOCATION
Year T3/S4K | T9/S4K | T3/89K T6/89 T10/59F | 2/S511K | &/S11IK
1983 R 73 48 23 26 2 15 16
RF 24 20 0 20 9 28 10
Total 97 68 33 46 11 43 20
1984 IR 59 51 64 31 74 11 182
RF 3 I 6 10 13 8 4
Total 62 52 70 41 87 19 186
1985 IR 107 31 27 15 50 7 344
RF 2 23 2 9 14 14 11
Total 109 54 29 24 64 21 355
1986 IR 25 22 27 24 21 23 21
RF 3 3 2 2 2 5 5
Total 28 25 29 26 23 28 26
1987 IR 25 26 23 23 18 12 17
RF 1 | 2 0 6 10 6
Total 26 27 25 23 24 22 23
1988 IR 27 23 21 20 20 13 NR
RF 2 6 0 3 2 2
Total 29 29 21 23 22 15
1989 IR 22 25 23 23 NR 20
RF | 1 0 Q 0
Total 23 | _26 23 23 20
IR = Irrigation water
RF =Rainfall.

NR=No record.
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Table 10. Average amounts of water (cm) used for growing period in the selected tertiaries of
Ganges-Kobadak Project (Phase-1), Aus Season, 1983-1889.
LOCATION
Year T3/S4K | T9/S4K | r18/84K | T3/S9K | T&/S9K | '| /89K | "S1iK
1983 IR 230 187 NR 81 71 35 29
RF 70 57 55 55 55 60
Total 300 244 136 126 90 89
1984 IR 199 155 79 82 86 76
RF 65 69 70 73 86 79
Total 264 224 149 155 172 155
1985 IR 389 % 898 117 83 77 4
RF 55 47 68 67 47 43 33
Total 444 143 966 184 130 120 74
1986 IR 78 76 75 640 60 56 94
RF 70 71 72 58 60 61 60
Total 148 147 147 122 120 17 154
1987 IR 74 71 NID 68 60 62 61
RF 45 50 60 58 63 61
Total 9 121 128 118 125 22
1988 IR 79 60 0 37 37 54
RF % 111 119 121 14 100
Total 175 171 158 158 151 154
1989 IR 79 67 53 60 NR 76
RF 74 74 68 64 35
Total | 153 14} 121 124 111
IR = gation-water.
R F = nfall,
N R = record.
NID = Noirrigation delivery
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Table 11.  Average amount of water (cm) used TOF land preparation in the selected tertiaries o
Ganges-Kobadak Project (Phase-1), Aman Season, 1983-1989.

| LOCATION
I:Year I [Tﬁ!IS4K , T84K TlB/S4K’ T3I/S9K I T6/S9K 'TlO/SQK T2/81 lKlTC'ul'SI IKlTlBISI |
1983 IR 36 21 95 6 17 4 27 6
RF 16 17 13 9 40 32 39 24
“otal 52 4 108 IS 57 36 66 30
1984 IR 37 38 SO 20 17 3 20 6 0
RF 21 27 20 12 16 17 20 53 18
Total 58 65 70 32 33 20 40 69 18
1985 IR 98 [9 38 13 19 10 8 26
RF 18 13 7 5 18 28 20 15
Total |16 32 45 18 37 38 28 41
1986 IR 19 18 16 7 5 3 25 22 19
RF 2 2 2 12 12 12 3 3 3
T'otal 21 20 18 19 17 15 28 25 22
1987 IR 9 21 2 14 0 0 0
RF | 2 22 10 24 24 24
Total 10 23 24 24 24 24 24
1988 IR 0 0 0 21 20 19 17 14 17
RF 12 11 13 2 2 2 6 8 4
“otaf 12 11 13 23 22 21 23 22 21
1989 IR 3 25 22 22 20 17 I8 0
RF 2 3 0 I | 3 | 0
Total 25 28 22 23 \ 21 20 19 20
IR = Irrigation record
RF = Rainfall
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Table 12.  Awverage amounts of water (em) used for growing period in the selected tertiaries of
Ganges-Kobadnk Project (Phase-1), Aman Season, 1983-1989.

LOCATION
Tc; —“ 3/S4K | 79/84k | I8/S4F | I/SO9K | &S9K 1;!; 28111 | Stk | L0/S1
_1-918_3 -]R_ 130 166 250 a7 38 —_20_ 71 52 NR
RF 18 41 37 M 66 62 81 9%
Total 178 207 287 91 104 82 152 148
1984 iR 102 137 {66 62 45 20 064 49 70
RF 49 67 95 M 53 64 62 70 67
l'otal 151 204 261 126 98 84 126 119 137
1985 R 361 117 17 48 93 34 3l 82 98
RF 46 36 30 39 SO 52 45 49 29
Total 407 153 147 87 143 86 76 131 127
1986 IR 54 SO 46 58 53 48 74 70 66
RF 107 108 103 108 109 104 108 105 98
Total 6t 155 149 166 162 152 182 175 164
1987 IR 80 69 61 60 46 48 30 3l 23
RF 13 21 31 67 79 69 71 91 67
98 20 92 127 125 17 101 122 90
1988 IR 78 72 64 63 55 M 73 62 67
RF 29 60 56 68 69 56 4 49 42
Toral 107 132 10 131 124 120 li4 111 109
1989 IR 102 86 NR 70 73 70 66 T 70
KF 30 35 i} 36 K} 49 35 41
_ TOW 132 121 it 109 109 s 12 111 .
IR = lIrrigation Water
NR = Norecord.
RF = Rainfall.



28

utilization ofthe rainfall forseedbed and land preparation of Aman rice which can
be transplanted by the end of July and harvested by mid-November. Therefore,
irrigation water delivery could be stopped by the end of October. The annual repair
and maintenance of the pumps, the intake channel and irrigation canals could be
conveniently completed during the November-Januaryperiod.

In the current practice, pump operation is suspended partially or completely
from time totime during the rainy season to avoid canal overtopping. Decisionson
pump suspension are made by the Project Director on the basis of information
received from the canal gatekeepers, through the canal telephone system or via
personal visits. Thescopefor suspension of pump operation inJuneand July,when
the Aus crop isin the maturing stage and land preparation for Aman is underway,
isestablished and should be implemented. Thiswill reduce operation costand will
encourage and influence farmers in the timely planting of rice.

The present management implemented the suggested strategy in the irrigation
system during 1990.Pumping was started on the 23rd of February while the target
was the 20th of February. Pumping suspension was also initiated and during the
rainy season, pumps were suspended for 26 days, which is a significantimprove-
ment.

Cropping schedule. The system operational principle with regard to the third
irrigated crop (wheat)has been clearly established. It was established that the old
policy to support production of some irrigated wheat following harvest of Aman
rice is not technically and operationally sound, because it interferes with the
system’s operational plan and also because the productivity of a wheat-rice-rice
systemisnotsustainablein thelong run. The suggested schedute ofpumpoperation
isFebruary 01 through October 31. Implementation of this schedule will not require
any additional resources,but shouldaccrue significantadditional benefits. Nonrice
cropslikegram, kheshari, onionand lentil aregainingpopularity in the project area
andthe suggested schedule will be helpful. Extensive cultivation of thesecrops will
generate more income for the farmers and will also help in maintaining land
productivity.

Unused irrigation water. It can be observed from Table 2 that there is a lag period
between the initiation of water flow in the tertiary canal and its utilization for Aus
cultivation. The lag period varied from 2 to 51 days and as a result, every year a
significantvolumeofwaterhasbeenleft unutilizedat thebeginningof theirrigation
season. During 1983 to 1990, the average magnitude of yearly unused volume
varied from 360 to 4,511 ha-cm among the tertiaries. The overall average yearly
unused volume for the selected tertiaries for eight years was 1,668ha-cm. In farmer
plots which were under the management of the researchers,an average of 175cm
of total water (irrigation + rainfall)was used during the Aus season (BRRI 1985and
1986).Using this amount as the basis, it can be concluded that the unused water
volume could increase irrigation coverage in Aus by 10 hectares in each tertiary if
it was properly used. Considering the high pump operation cost, a significant
amount of operation cost could be saved if the period of nonutilization and
underutilization of water could be avoided or reduced.
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Possible reuse of drainage water. From the initial survey, it is observed that there is a
strong potential for the storage of drainage water during the imgation period. Itis
found that more than 0.283 ¢ms (10 cfs) water continuously flows through the
drainage canal within 10to 15days after the irrigation schedule starts in the canal.
It is possible to control the flow by constructing a check across the channel bed,
which will allow the water level to rise sothat water can be easily pumped intothe
irrigationcanal. Dependingon thebasisofoff take, farmers’behavior and water use
practices, a volume of 0.28-.56 cms (10-20 cfs) of residual irrigation water may be
used toirrigate part of 54K in the Aus season. For assured watersupply atthe study
area, this residual irrigation water and continuous flow of drainage water should
be used properly. Efficient utilization of this unused water in addition to pumped
water and rainfall can help bring more areas under irrigation in Aus and Aman
seasons. Moreover, it is also possible to divert water from Kumar River (main
drainage canal) to the downstream of the siphon. Inthe Aman season, the water
level of Kumar River rises by about 3.04 m (10ft) higher than in the Aus season. So,
the required amount of irrigation water can be partly supplied from Kumar River
and from drainage water of DIIK (secondary drainage canal). The combined
utilization of the abovementioned two components will cover the risk in the dry
season when there is a shortage of water at DIIK canal.

To increase the system performance and irrigation water supply, additional
excavation df canal or construction of any hydraulic structure will not be required.
Only a pumping unit must be installed to feed the irrigation canal. By proper
planning, it will be possible to irrigate about 809 ha in the Aus seasonand 1,417ha
in the Aman season (Table 13).From this area more than 5,000 tons of extra HYV
rice can be produced yearly and about Taka 35 million (U$$1.0 M) can be saved.

From this study it is observed that the water level rises up to 1.22t0 3.1 m in
Kumar River within 10days after the start of irrigation (Table 14).So, the required
amount of irrigation water for that area can be made available by preventing the
flow of drainage water from DIIK and diverting water at the outlet of the siphon
structure from Drainage Mara Kumar. Inaddition to this, a volume of 0.28to0 0.56
cms water flowscontinuously through $4K canal asresidual irrigation water inthe
Aus season.

From the survey report, it isobserved that S4BK and the tail end of S4K areasdo
not getirrigation waterineither Ausor Amanseasonsbutthatexistingdistribution
facilities are good enough. The farmer groups of this area are interested in having
a pumping plant for lifting water in the S4K canal. The study indicated that if 2 or
3units of 0.28 crns (10cusec)pumps are installed for lifting water into S4K canal in
Aus and Aman seasons, this can bring 2,226 ha under irrigation. Operation and
maintenance of these pumping units can be easily managed by farmer groups. As
a result, job opportunities will be created for educated young people.
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Table 13. Comparison f irrigation coverage at present nnd proposed conditions reusing drainage
water, Ganges-Kobadak Project, Kushtia.

Present condition After implementation
- _— Expected Expected
. Irrigation [rrigation . .
. Jommand area . . ngable area | rrigable area in
Location - rea in Aman | area in Amar
in (ha) %6 (ha) 87 (ha) I Aus seasor | Aman season

(ha) (ha)
TI13/84BK 113 10 10 35 61
T13/84BK 127 9 9 17 61
D.FC 72 28 24 60
T14/S4BK 158 12 12 36 81
TI5/84BKT 253 23 24 70 121
T16/S4BK 338 NID NID 103 202
Ti17/84BK 522 8 NID 140 243
Subtotal S4BEK 1583 90 I 79 160 838
T18/54K 96 27 32 70 81
T19/84K 225 19 20 104 142
T20/84K 232 21 2 35 134
DFC 270 76 81 140 222
Subtotal S4K 823 143 154 349 579
Grand total 2406 233 233 809 1417

North Bangladesh Tubewell Project

Water availability and utilization. Earlier research established that the discharge
capacities of the sample tubewells were on the average 91 percent of the original
recorded discharge at the time of construction of the tubewells 17-18 years ago
(Table 4). Furthermore, conveyance losses in the inadequately maintained lined
main canals were found to be very high, causing major water wastage during
irrigation (BRRI-BWDB-IRRI 1983). The main canal linings were repaired during
1982 and 1983dryseasonsmostlyusinganimprovedmethodinwhichthecanalbed
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Table 14. River stage, rainfall and drainage flow of the study ares, Ganges-Kobadak Project

(Phase I), 1988-89.

Total Total Average
10 dave 10 days' 10 10days' 10 water
Month days average days' average days' level in
average drainage amount drainage amount Ku_mar
flow of flow of River
(crm) rainfall (cm) rainfall {m}
{mm) {mm)
| 0 0 0 0
March 2 0.24 39 0 0 3.12
3 0.34 0 0 0
| 0.28 0 0 0
April 2 0.27 4 0.65 0 4.26
3 0.38 82 0.70 38
| 0.26 67 0.59 140
May 2 0.40 123 0.79 168.7
3 0.66 81 0.73 0
| 0.51 5 0.59 737
June 2 138 498 0.51 66. 1
3 161 102 0.90 56.0
| | .47 215 1.42 97.0
July 2 |.37 25 142 76.0
3 1.01 102 | .42 0
| |.02 39 | .42 55.0
August 2 142 74 |.69 150 6.00
3 137 40 | 69 28.0
| 101 90 142 230
September 2 0.97 34 073 86.0 5.68
3 0.90 0 048 104.0
| 0.97 104 0.59 37.0
October 2 0.82 3 0.50 94.0 4,00
3 039 0 0.57 50
| 0.22 0 0.42 0
November 2 0.20 0 0.50 0 3.20
3 0 0 0.51 0
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and about 30-cm height along the side slopes were plastered with rich cement
mortar. Thismeasure enabled an effectivereduction of water conveyance lossesby
66 percent (ibid.). The reduced conveyance losses not only improved the effective
capacity of the tubewells to deliver water in a timely manner to different parts of
the service areas but also reduced the problem of excessivewater supply through
seepage to areas where water was not needed.

Water availability is most crucial for crops in the Rabi season (November-March)
because of very low rainfall. But tubewell water use during the Rabi seasonsin the
past was scanty.For example,on the average, only about 8 hectareswere irrigated
persample tubewellduringthe 1982 Rabiseason when benchmark information was
collected (Table 15).On the average, tubewells were operated for about 6 hours per
day (Table16).

Table 15. Yield and area coverage of wheat in the selected pilot tubewells of North Bangladesh
Tubewell Project, Thakurgaon, Rabi seasons, 1982-1989.

D’\,lr(.jw )i:;::a ?g?:;; eacor 1ge (h
. (Ips) (ha) 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989
63 102 60 8.0 161 28.3 12.0 3.0 6.5 8.1 3.2
7 53 49 1.2 18.2 26.3 24.0 143 20.2 8.5 4.1
89 67 49 8.0 24.7 405 40.0 24.3 243 121 113
93 99 74 22.6 26.7 40.5 20.0 15.6 7.3 81 24
17 71 61 6.0 13.7 28.3 4.1 0.6 6.9 4.0 7.3
118 57 46 8.5 4.1 28.3 7.1 11 8.9 4.1 24
119 57 57 8.0 117 b/ b/ 12 7.7 20 28
120 79 61 129 235 344 4.9 |.6 73 36 28
125 85 55 24 21.8 4.1 25 4.0 2.0 0.8 0.8
126 106 48 6.0 10.9 22.3 12.1 6.1 81 3.2 24
138 88 50 6.4 101 26.3 18.1 14.3 12.2 8.9 101
142 85 49 45 9.3 142 18.2 8.1 81 4.0 5.2
All 659 [ 945 | 2008 2935 | 1636 942 | 1195 | 674 | 548
ITWs (,(1.1.(2__8215 036) | 020)| won | oan | o | ©.06)

a.Figures in parentheses indicate area irrigated per unit discharge
b.DTW was not operated due to sand gravel pumping problem.
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Table 16. Operating hours of sample deep tubewells under minimum irrigation coverage, North
Bangaladesh Tubewell Project, Aus 1990.

Totel Totel
operating operating Per day
DTW category DTW No. opgg@tjng ORe&gENg operaing
_ tToars hours
arget

12 84 420 5.0

15 98 489 4.98

16 91 419 4,60
133 168 1715 10.20

135 168 1388 8.26

156 77 522 6.77

162 133 769 6.78

211 98 566 5.77

212 77 565 7.33

216 o1 262 2.87

werage of A I 106.90 681.18 5.79
B. Those I{Ot fulﬁlllng 89 140 1132 8.08

MICA target

90 98 197 2.01

94 133 1019 7.66

214 63 295 4.68

werage of B | 108.5 | 660.75 5.60

Inthe 1983Rabi season, the irrigated area per tubewell increased by 104 percent
over the area irrigated during the benchmark 1982 Rabi season. This positive gain
could be attributed to the combined efforts of the research team.

Potential improvement.Itisunfortunatethat inmostcases the wellsare underutilized.
The wells of the North Bangladesh Tubewell Project irrigate much less than their
technically potential irrigable area. The average area irrigated per deep tubewell
(DTW) ismuchbelow the potentially irrigablearea (Tables17 and 18). This situation
exists for a variety of reasons, which have been identified and documented by
present research. Prominent among those reasons are that:
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a. High conveyance and operational losses are effectively reducing the pro-
portion of pumped water that can reach the farmers’ fields. The scattered
demand for water is a major factor responsible for high operational losses.
Field losses of water outside of the field channels are high in the light-
textured soil when water has to pass through fallowor non-water-demand-
ing plots.

b. Many farmershave sufferedwater shortage problems in the past and they
are unsure of the system‘s ability to deliver the needed water in time.

c. Farmers’ organizational problems create severe inequities in the access to
reliable supplies of water.

Deep tubewell irrigationisthe most costly method to converta unit of land from
rain-fedtoirrigated status.In the NBT Project, BWDB has to pay an average of Taka
2,500/= (US$70) as minimum electricity bill per tubewell per month even if the
tubewell is not operated.

Thejoint research project made a policy suggestionin 1988that the Bangladesh
Water Development Board attempt to solve the problems of suboptimal irrigated
areas by requiring a minimum area of planned irrigated crops in any given season
before a tubewell is put into operation for that season. The research team decided
that the tubewell will not be put into operation in any season if the demanded
irrigated area is less than 30 percent of the potential irrigable area which is
equivalent to 0.09 ha /lit/sec (6 acres/cusec) of discharge.

The Minimum Irrigated Crop Acreage (MICA)Program was started from the
Aus season 1988to increase the irrigation service area. One field workshop of one-
day duration was organized during 1990in each research site to strengthen MICA
activitiesand to communicate the conceptof MICA to farmersand explainto them
its rationale, usefulness and implementation mechanism. Each of the workshops
was attended by farmer representatives, field- and project-level officials and
research group members based at Thakurgaon. The policy of MICA was also
communicated to farmers in the following ways:

a.  Field-level extensionstaff were advised to make personal contacts with the
Krishok SamobayaSamity (KSS)managersand farmersand explainMICA
to them, and

b. Inthetrainingclassesheld in Central Association (of KSSs) officeat upazila
headquarters, KSS managers were informed of the policy and asked to
communicatetheideato the farmers. But themosteffectivemethodwasthe
field workshop organized by the project authority supported by the
research group. The farmers of each tubewell were expected to organize
themselves, form an irrigation committee to plan and implement an
efficient and equitable water allocation distribution schedule with the
assistance of the research group. The extension staff of the project supplied
irrigation demand slipsto a farmer group. The farmer group recorded in
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Table17. Comparison of potential and actual irrigation coverage (3 years’ average} in selected pilot
fubewells, before and after Minimum Acreage Programmein North Bangladesh Tubewell
Project, 1984-1990.

irrigation coverage (ha)

Before minimum After minimum

irrigation program irrigatic j -ogram

Tl v ol B Exvec Bl IR RS
. (ps) rea(ha | area b area agreae irrigated area

ha %
63 102.4 234 16 6.8 9.7 41.2 8.1 344
7 52.9 121 2.3 19.0 9.5 785 7.2 59.5
89 67.1 154 2.6 169 7.5 48.7 4.9 31.8
93 99.0 22.7 155 68.3 16.8 74.0 13 5.7
117 70.8 16.2 7.9 48.8 10.7 66.0 28 172
118 56.6 13.0 1.7 59.2 9.5 73.1 [.8 13.9
119 56.6 13.0 b 0.8 6.2 0.8 6.2
120 79.2 18.1 c 9.7 53.6 9.7 53.6
125 84.9 194 300 154.6 257 1324 -4.3 -22.0
126 56.6 13.0 9.7 746 14.8 113.8 5.1 39.2
138 88.3 20.2 4.8 238 13.3 65.8 8.5 420
142 84.9 194 38 19.6 27.9 143.8 24. 124.2
Ib':ilem 899.3 205.9 85.9 491.6 155.9 897.1 70.0 405.7
Mean 74.9 17.2 8.6 19.2 13.0 74.8 5.8 338

Tubwell was not operated due to sand and gravel pumping problems.
Therewas irrigated crop (mostly nonrice crops).

the demand slip the extent of land they would imgate and submitted it to
the extension staff. The the extension officials checked it to see if the
minimum acreage had been shown in the demand slip. Once they were
satisfied, they forwarded the information to the Engineering Division to
operate the tubewells for the season.
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Table 18. Comparison d potential and actual irrigation coverage (3 years’ average) in selected
satellite tubewells before and after Minimum Acreage Propramme in North Bangladesh
Tubewell Project, 1985- 1990.

Irrigation ¢ :rage (ha)
Before minimum After minimum
. Discharge | atential | rrigatio rogram | migatio rogram | ncreased irrigated
uhewell capacity rigahle % of % of area
no. (Ips) ea (ha) Actual otential | 28| <otentia
T;?:;Ed migable T;gr:;ed migable
area area ha %
47 84.9 194 1.2 6.2 37 19.1 25 12.9
48 425 9.7 c 0.4 4.1 0.4 41
49 92.3 21.1 2.2 10.4 c -2.2 -10.4
53 56.6 13.0 4.0 30.8 10.8 83.1 6.8 52.3
64 54.0 124 0.4 3.2 10.8 87.1 10.4 83.9
65 84.6 19.4 c 10.0 51.5 10.0 51.5
76 92.3 21.1 1.6 7.6 9.1 43.1 7.5 355
88 63.7 14.6 1.6 11.0 36 24.7 2.0 137
90 84.6 19.4 0.9 4.6 5.3 27.3 44 22.7
91 58.0 13.3 1.1 8.3 5.0 37.6 3.9 29.3
92 58.0 13.3 1.6 12.0 7.3 54.9 5.7 429
95 56.6 13.0 0.8 6.2 8.1 62.3 7.3 56.1
14 82.7 18.9 11.8 62.4 23.2 122.8 114 60.4
121 77.8 17.8 c c
122 53.4 12.2 4.0 32.8 l.4 115 -2.6 -21.3
123 63.6 14.6 16.6 1137 6.2 425 -10.4 -71.2
124 83.8 19.2 117 60.9 8.8 458 -2.9 -15.1
127 113.2 25.9 6.3 24.3 9.3 35.9 3.0 116
128 65.1 14.9 1.2 8.1 15.2 102.0 14.0 93.9
129 106.1 24.3 12.9 53.1 21.2 87.2 8.3 34.1
131 56.6 13.0 58 44.6 6.3 48.5 0.5 3.9
139 137.3 314 4.2 13.4 12.1 385 79 25.1
141 61.1 14.0 11.9 85.0 21.8 155.7 9.9 70.7
347 88.3 20.2 C 9.7 48.0 9.7 48.0
ub?\llells 1817.1 | 416.1 101.8 | 598.6 209.3 | 1232.7| -107.5 634.6
Mean 75.7 17.3 5.1 29.9 9.5 56.0 45 27.6

¢ = Therewas no irrigated crop {mostly nonrice crops).
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Imgated area per pilot tubewellin the Aus seasonsincreased from 8.6 ha during
the pre-MICA period (1984-1987) to 13.0ha during the post-MICA period (1988-
1990) (Table 18).For the satellite tubewells, the area increased from 5.1 t0 9.5 ha
(Table 19).

Rajshahi Tubewell Sites

Tubewell discharge and irrigation coverage were measured in the selected fifteen
tubewell sites in Rajshahi area during the 1990 dry season. Table 19 showed that
actualdischargeismuch lower than the rated one. Water used for growingrice was
less than that in the G-K and NBTP areas. However, the productivity of water was
much higher in the Rajshahi area than in the other research sites (Table 20).

Productivity of water is highest in the Rajshahi area followed by G-K and NBTP
areas. Rajshahi farmers are paying more for water than those in other locations
which may influence them toward better utilization of water and other inputs. This
indicatesthat realization of irrigation feesmay help inimprovingirrigationsystem
performance.

SUMMARY AND CONCLUSIONS

Itis clear from theabovediscussionthatsomerevisioninthestrategiesandmethods
of allocating and distributing irrigation water would be useful. The following
specificconclusionsare drawn:

Ganges-Kobadak Project

Reliability of water supply. The reliability of water supply in the projectis low and it
should be improved. A reliable pump operation schedule, which will not change
from year to year, should be immediately implemented. This schedule should be
known to all farmers so that they can confidently plan their cropping activities.

Optimum pumping schedule. The schedule of pump operation should be advanced
to February 1through October 31. Implementationof this schedulewill not require
any additional resources, but should accrue significant additional benefits. If
optimal timing is followed, farmers can conveniently grow a leguminous crop
following the Aman rice harvest using the residual soil moisture. However,
farmers’ timing df crop establishmentoften cannot be advanced unless imgation
water delivery is also on schedule.
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Table 19. Tubewell discharge, irrigable area, water use yield and productivity of water in the
selected tubewelis of Rajshahi area, Boro Season, 1990.

i - - Water used (mm) werage | roductivit:

Location l?;?:;g‘ 'l_:fa(ﬁ: ::f?:]:; Land Growi Total yield of wale,
reparation periodg Kghia) kgha/mm

IFAD
Shakua 52.1 243 135 288(12%)a | 784(22%) | 1072 3610 34
Durail-3 400 243 184 234115%) | 788(22%) | 1022 3610 35
Haridagachi 453 243 304 222(15%) | 573(30%) 795 4590 5.8
RENTAL
Mahabathpur-2 532 243 236 282(32%) | T21(24%) | I1W3 4450 44
Darshanpara 48.1 243 28.3 244(14%) | T08(24%) 952 3000 31
Bakshermnul 36.8 243 12.8 230115%) | 651(26%) 88t 3830 43
PRIVATE
Palsa 493 243 271 192(18%) | 568130%) 760 5230 6.9
Moheskondi 51.0 24.0 21.7 192(18%) | 568(30%) 760 5230 6.9
Bakshail 416 243 16.2 iB4(18%) | 717124%)| 901 3450 38
Average 243 220 “ 2301E5%) | 681125%) | 911 414;8;“ 4.7
IADP
Sharangpur-1 270 243 176 150(23%) | 711124%)| 861 688N 75
Sharangpur-2 280 18.2 107 154(22%) |1216(14%)| 1370 6940 51
Sharangpur-1 370 243 45 162121%) | 1061(16%)| 1223 6680 55
Fazilpur-2 340 243 148 180(19%) | 1155()5%) 1335 6600 4.9
Amtoil 280 219 68 131(26%) | 1109(15%) 1240 6710 54
Ramnagar-2 343 243 142 179(19%) | 1160(15%)| 1339 6550 49
Average 230 1.4 160(21%) | 1069(16%) 1228 6663- 5.5

a.  Figuresin parentheses indicate the amount of rainfall.

Water rotation schedule. The 10-day rotation method is a technically sound and
socially desirable method of water allocation and distribution for the project and
should be implemented properly.
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Table 20. System-level water use, yield and productivity ¢ water in the North Bangladesh
Tuebwell Project, Ganges-Kobadak Project and Rajshahi tubewell sites d Bangladesh,

1983-1990.
Rabi season Aus season Aman season
Vater | Yield |Produc- { Water |Yield |Produc- {Water | Yield |{Produc-
sed |of tivity of Jused  |of tivity of fused |of tivity of
Location | mm) |wheat [water |(mm) |wheat |water |{mm) |wheat |water
ocation | Year (kg/ha) | (kg/ha- (kg/ha) | (kg/ha- (kg/ha) | (kg/ha-
mmj} mm) mm)
NBTP |1984 125 1860| 14.88] 1503 1785 1.19] 1855| 4156 2.25
1985 696| 1276 1.83] 1909} 3100 1.62] 2109| 4118 1.95
1986 3501 2496 713 2266| 3608 1.59] 2012] 3655 1.82
1987 432 1662 3.85] 2988{ 4203 1.41 3146 3460 1.10
1988 507 1394 2.75] 2944 3932 1.34] 2309| 3442 1.49
1989 1739] 2124 1.22| 2884] 3663 1.27] 23191 3615 1.56
Mean 642 1802 2.81 2416| 3382 1.40) 2292] 3741 1.63
G-K 1983 - - -1 1930] 3781 1.96] 2071 4279 2.07
Project
1984 - - -1 3134] 13656 1.17) 1970 4489 228
1985 - - -l 3440 3443 090 1902| 4774 251
1986 - - -1 1633) 3259 00] 1946] 4033 2.07
1987 - - - 1450( 3280 2.26 1333 4050 3.04
1988 - - -] 1843} 3047 1.65] 1362 4392 3.22
1989 - - -1 1530] 3412 2.23] 1373 4524 3.29
Mean - - -1 2194] 3411 1.55 1708] 4363 2.55
Rajshah | g9y | 1038| 5154 4.977a . i . ;
Project

a/ [For BornSeason rice.
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Pumping suspension opportunities. Fromweekly total rainfall analysis, it is clear that
forabout 3040daysduring June-Julywhen rainfall ishigh, water requirements for
the maturing Aus crop or land preparation for the Aman crop under the recom-
mendedschedulecouldbe largely met fromrain water. Therefore, pump operation
during thisperiod shouldbe suspended. Suspensionof pumping isvery important
in terms of operation cost saving because presently it costs about Taka 4,00,000
(approximately US$ 11,500) per day to run the pumps.

Drainage water reuse. Thereis scopefor reuse of drainagewater especiallyin the tail-
end areas. Few control structureswill be required in the study area to facilitate the
reuse of drainage water and this will bring significantbenefit.

North Bangladesh Tubewell Project

Pump operation. Most of the tubewells are pumping about 90 percent of their rated
capacity even after about 25 years of operation. The water table during the driest
months remains within six meters of the soil surface and is fully recharged during
the rainy season. Therefore, technical limitations in terms of water availabilityand
pumping ability do not constrain water utilization. Yet, tubewell operating hours
are very low compared with other locations in Bangladesh. Water utilization and
irrigation coverage are also low and demand significantimprovements.

Water distribution. The scattered demand for water in the dry season is inherently
inefficient as far as the productive use of water is concerned because of associated
losses in conveyance and operation. Optimum irrigable area in the dry season can
be achieved if the rotational/blockwise water distribution is practiced through
proper supervision.

Water productivity. Among the three study areas, NBTP has the lowest water
productivity both in the Aus and Aman seasons. Higher productivity can be
achieved through improved water management.

Minimum area coverage. The experience of the Minimum Irrigation Crop Acreage
(MICA) Program shows that most of the tubewells are under suboptimal use and
need further improvement for recovering operation costs and for increasing
irrigation coverage.

Cropping pian. A diversified cropping plan should be adopted for maximizing the
use of land and water resources. Cropping schedules should be adjusted so that
Aman cultivation can take advantage of maximum rainfall periods and early
harvest of the Aman crop will provide opportunity for cultivating other non-rice
crops during the Rabi seasons since land and water resources are favorable. A
systematic approach is needed to encourage farmers toward vegetable cultivation
in the dry season.
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Communication. Communication between the BWDB staff and end users (fanners)
shouldbeimprovedwhichwillhelpinimproving water delivery and utilizationin
the project area.

Acknowledgements

The authors' sincere thanks are extended to the staff members of the Bangladesh
Rice Research Institute, the Bangladesh Water Development Board, International
Irrigation Management Institute and the International Rice Research Institute, and
especially to the cooperating farmers of the study area. Sincere appreciation is
extended to Mr. Md. Arifur Rahman and Mr. Md. Abdul Maleque for typing the
manuscript.

References

BRRI-BWDB-IRRI. 1983. Applied research for increasing irrigation effectivenessand crop
production, first progressreport. Gazipur, Bangladesh.

BRRI-BWDIB-IRRI. 1984. Applied research for increasing irrigation effectivenessand crop
production, second progress report. Gazipur, Bangladesh.

BRRI. 1985, Annual internal review report, Gazipur, Bangladesh
BRRI. 1986.Annual internal review report, Gazipur, Bangladesh

Ghani, M. A. 1987.Improved water management for rice irrigation systemsin Bangladesh.
Unpublished Ph.D. thesis, USU, Logan, Utah, USA.

Ghani, M. A. and L. R. Bhuiyan and M. J. Islam. 1981. Role of supplemental irrigation for
transplanted Aman cultivation. Paper presented at the Workshop on Water Management.
BRRI, loydebpur, Dhaka, Bangladesh.

NEDECO. 1980.Reports of an irrigation advisory team, GK Project, Kushtia. Bangladesh.

Salh, A. F. M. 1981. Effect of supplemental irrigation on yield of HW rice in Dhaka area.
Thesis presented to Bangladesh University of Engineering and Technology, Dhaka,
Bangladesh, in partial fulfillment of the requirements forthe degree of Master of Science.

Wickham, T. H.and K. Takase. 1978.5ome management issuesin irrigation development.
Paper presented at the CPDS-UPLB-NWRC-NIA Workshop on Water Resources, Univer-
sity of Philippines, Los Bafos, Philippines.



Main Irrigation System Management for
Rice-Based
Farming Systems in Indonesia

Suprodjo Pusposutardjo
Lecturer and Head, Department ¢ Agricultural Engineering
Faculty ¢ Agricultural Technology, Gadja Mada University,
Yogyakarta, Indonesia

Hammond Murray-Rust
Senior Irrigation Specialist,
International Irrigation Management Institute, Colombo, S#i Lanka

Sukarso Djunaedi
Senior Staff, Directorate Irrigation |
Directorate General of Water Resources Development
Department o Public Works, Indonesia

INTRODUCTION

For THE LAsT ten years, the Government of Indonesia has bee promoting crop
diversificationin irrigated rice fields. Crop diversification (horizontaldiversifica-

tion) is a part of an integrated effort to achieve the objectives of

a. Sustaining and improving food self-sufficiency.

b. Increasing agricultural production to provide raw materials for industry

and export.

c. Increasing farm productivity and value added of agricultural products.

d. Increasing farmers’ income and improving their welfare.

The crop diversification program in irrigated rice fields also facilitates the
operation and maintenance of irrigationstructuresaccording to the defined rules,

especially in the main system. This is attained by:

a. Allowing the canalsto dry up for maintenance work.
43



b.  Decreasingtheburden of operationand managementduringthe dry season
when normally there is a shortage of water.

c. Increasing the flexibility to allocate water for other uses which are steadily
increasingand forsupplementalirrigation of two rice cropsand one upland
crop (palawija) only. Therefore, the crop diversification program will
restore the utilization of the irrigationnetwork of Indonesiato itsfunctional
design.

Irrigation Management in the Main System

The main system in Indonesia is commonly associated with technical irrigation.
Thesearethe irrigation systemswhich have permanentstructuresand the distribu-
tion of water is fully controlled and measured.

Thetechnical irrigation systems in Indonesia by 1988, covered an area of 2,534,613
ha, representing 57.8 percent of the total irrigated areas. About 1,934,387ha (76.3
percent)are locatedinJava. Thegeneraldescriptionof theirrigationsystemand the
respective cropping intensity for rice are presented in Table 1.

Table I.  Irrigated area and rice cropping intensity, 1988.

Areas (ha) One rice crop Two rice
Irrigation status lava Indonesia percent crops percent
Technical irrigation 1,934,387 2,534,613 17.6 224
Semi-technical irrigation 415,244 1,180,716 29.1 70.3
Simple/village irrigation 376,621 612,432 43.0 57.0
Total 2,726,252 4,387,781
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2. The scope covers operation and maintenance of the irrigation networks
togetherwith their accessorystructuresfrom the intaketo the tertiarycanal,
50 meters downstream o the tertiary offtake.

3. Themainsystemshallbe responsible fordistributingwater from the intake
structure down to the tertiary offtake according to the scheduled plan.

4. Theoperationand maintenanceof the mainsystemshailbe the function and
the responsibility of the Local Government.

5. Associated with irrigation water management as a whole, the Local Gov-
ernment (LocalIrrigation Committee)makes a plan for the provision and
allocationdf irrigation water for differentuses. Thisplan isdecidedby the
Head of the Local Government on behalf of the Head of Local Irrigation
Committee, at the latest, one month before the rainy season cropping
begins.

Theoperationand maintenanceaf the imgation networksarealsosupervisedby
the Local Government. It establishes protection zones along and around canal
bodiesand irrigationstructures,prohibits excavationin the protected zone to avoid
water losses, and prohibits installation, modification or demolitionofany structure
which may disturb the main function of the irrigation network. The division of
responsibility is shown in Figure 1.

SYSTEM MANAGEMENT FOR RICE-BASED FARMING

Management requires that there should be a set of objectives for which all
subsequentactivitiesmust be oriented. Irrespective of the individual objectives of
a particularirrigationsystem, the three major objectives of production, equity and
sustainabilityshould be considered. It is important that the three objectives must
be achieved simultaneously.

Equity in Water Distribution

Two sample case studies in the coastal plain of irrigated rice fields showed that
inequity in water distributionresulted in a water shortage during the dry season
and an excess water during the wet season in some parts of the command areas.

In the West Situbondo Irrigation Scheme, it has been observed that there is
inequity of water distributionbetween the head and tail sectionsof the system. In
terms of water sufficiency received by the farmers along the three sections of the
secondary canal, head, middle and tail sections, it was shown that the head and
middle sections received more water during the dry season than the tail section
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(Table2). However, thisdid not have much influence on the cropping pattern and
the yield of rice (Table 3). Relative difficulties to obtain sufficient water in the
middle and tail sections can be noticed from the area with cropping patterns R-U-

U (onerice crop and two upland crops)and the lowestyield of the third cropinthe
tail section.

Figure 1. Delineation of responsibility on some activities of (technical) irrigation management.
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Table2.  Water distribution performance of the secondary canal, West Situbondo Irrigation

Scheme (WSIS).

SufficiencyLevel First rice crop Second rice crop

Head Middle Tail Head Middle Tail

(N=270) | N=266) | (N=270) | (N=270) | N=266) | (N=270)

Water sufficient at all 625 | 976 | 789 | s01 535 | 363
times
Water sufficientin 4 to 6 4.2 24 53 132 27.9 47.|
months
Water sufficientin 2 to 4 00 105 347 186 17.6
months 333
Water sufficientin less 0.0 00 53 00 0.0 0.0
than 2 months

Table3. Distubution df cropping pattern and rice yield along the secondary cartnal of West
Sttubondu Irrigation Scheme.

Location with respect to Percent of sample Yield of rice (t/ha)
intake R-R-R | R-R-U | R-U-U | R-R-F [ Il Il
Head (n=270)| 58.3 41.7 00 0.0 4.58 3.97 2.77
Middle {n=266)}| 61.7 34.0 21 2.2 5.92 3.47 2.83
Tail (n=270y| 62.2 35.2 11 0.0 4.78 4.85 2.17
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Using wetness index criteria (average soil moisture content in the command
area), the study in the Cikeusik Irrigation Scheme indicated that the tail section of
the command area also had drainage problems during the rainy season beside a
water shortage during the dry season (Table 4). Rapid changes of water status in
PB VIl and VIl fromwet to dry and wet again in accordance with the beginning of
the rainy seasongive evidenceto the inequity of water distribution along the main
system. Further study indicated that based on soilmoisture status, only 42 percent
out of the 136-haarea could be grown to upland crops (Pusposutardjo and Arif
1990). The potential area for upland crops in the tail-end portion of the system has
decreasedbecause of saltwater intrusion during the dry season (Pusposutardjo and
Arif 1990).

Equity could also be influencedby the size o the irrigation system. For systems
with smaller command areas (100-300ha), inequity in water distribution along the
main system is not significant. As a result, the influence of inequity in water
distribution to the difference of cropping pattern in the whole command areas is
also not pronounced (Anonymous 1988). Small irrigation schemes are usually
located in the hilly areas and drainage may not be a problem. In this case, the
willingness of farmers to grow upland crops depends much on the availability of
water during the dry season and on economic considerations.

Accuracy in Annual Planning

The plan of the irrigation season is made by the Local Irrigation Committee (LIC)
and approvedby the Head of the Local Government. Theplanfortheseasonisthen
implemented by the LIC. Based on the plan, the LIC allocates water for different
uses and distributes it according to the procedure of operation and maintenance.
Theirrigation plan alsocontainsthe scheduleforroutinemaintenanceby dryingthe
canal (shutting the flow).

Vermillion et al. showed that enough informationon previous experienceis not
used in the processofpreparingthe annualcrop plan, and thattheplanisnotreadily
transformed into a set of operating rules. Thus, while the plan may call for a very
limited area of rice in the first dry season, the system is actually operated in such
a way as to encourage farmers to plant extrarice.

Sincethe irrigation season plan has to be made, at the latest, one month before
the start of the planting season, the accuracy of planning with respect to the
occurrence of rains or the availability of water in the main water course is very
important. When the farmersdeviate fromthe schedule, problems related towater
supply and demand occur.

The use of 80percent dependable rainfall in planning cannotreliably match the
real condition. Studies conducted in three large irrigation schemes of Citagampor
Projectand in three small irrigationschemesin EastJavaindicated that farmersstill
rely more on their experience in predicting water based on the prevailing rainfall
rather than on the planned irrigation schedule (Anonymous 1987; Anonymous
1988). Normally, farmers start land preparation whenever the cumulative rainfall
accounted from the latest minimum rainfall reaches 300-400 mm. The difference
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betweentheirrigationplanand theexistingactivityinland preparation ranges from
10to 14 days.

Table 4. Distribution of soil moisture status and the existing crop along Pabeditan Secondary
Canal of Cikeusik Scheme during the dry season, 1989.

—ocation of tertiary block Month
July August September  October November
lead (MTR V)
a. Soil moisture status ~ (0,10,0) (5,10,15) (5.5,20) (10,5,15) (0,20,10)
b. Existing crop Rice (D) Rice
Corn Corn (D) Corn (D) Corn
Tobacco Tobacco Tobacco
Sugarcane  Sugarcane  Sugarcane
ugarcane(D)

Mungbean  Mungbean  Munghbean
Onion Onion Onion
liddle (SR 112)
a. Soil moisture status ~ (10,0,0) (10,15,5) {0,5.25) (0,15.15) (10,5.15)

b. Existing crop Rice (D) Rice
Corn Com (D) Corn (D)
Onion Onion
Sugarcane  Sugarcane  Sugarcane
ugarcane(D})
Chili Chili Chili
fiddle (PB III) (0,0,10) {0,030 (0,030 (10,5.15) {5,20,5)
a. Soil moisture status - Onion(D) Onion(D) QOnion(D) Onion(D)
b. Existing crop Sugarcane  Sugarcane  Sugarcane  Sugarcane
Mungbean  Mungbean
Chili Chili Chili
‘ail (PB VII & VIII)
a. Soil moisture status  (5,5,0) (10,20,0) (0,0,30) (10,0,20) (25,50
b. Existing crop Rice(D) Rice(D)
Onion(D) Onion(D)
Chili
Green Green Green
manure manure manure

Source; Sukirno {1989).
Notes: (0,10,0) -number of days corresponding to wetness index (wet, moist and dry, respectively).
Wetness index: the average il moisture in the area:
wet - saturated or stagnant.
moist - suitable forupland crop.
dry - insufficient for any crop.

D - dominantcrop.
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Since cropping is continuous, a delay of 10-14 days will shift the peak water
demand to the land preparation period for the next (second)rice crop. When this
occurs, maintenance of irrigation structures becomes a problem because the flow
cannot be shut off since some farmers will still need water. Normally, the second
season rice crop begins in the middle of the rainy seasonand farmers willnot grow
upland cropsbecause therice field is stilltoo wet. Moreover, they expect to receive
sufficientwater from rainfall for growing a third rice crop.

Intheimplementation of the irrigation plan, severalmodificationsorchangesare
commonly made. Theseare just based on experienceand the accuracy of the plan
is questionable. Farmers, therefore, do not rely on the irrigation schedule and
oftentimes grow an unauthorized rice crop during the dry season. The ratio of
unauthorized toauthorized dry seasonrice crop isin the range of 50 to 100percent.

Rotational Irrigation

Whenrotationalirrigationisadopted, travel time of water isparticularlyimportant.
Depending on the discharge being delivered, it may take a considerabletime to fill
the canal with sufficient water to generate a manageable stream size into each
tertiary block scheduled for irrigation. If the stream size is too small to enable
farmers to effectivelydistribute water within a tertiary block, the water has limited
utility. Rotationalschedules should thus be based not on the time of delivery at the
head of the main or the secondary, but on the duration of useful dischargesthat can
be guaranteed to be delivered to the head of each tertiary block.

Mawardi 1990has demonstrated that in most of the canals studied, travel time
is relatively easy to predict. The largestvariation appears to result from the initial
discharge at the head of the system, but even with this uncertainty, it appears
feasible to design rotational irrigation schedules that make better allowance for
travel time at the start of each rotation.

Rotational schedules have to be effectively implemented to meet equity objec-
tives. If the schedule becomes erratic, farmers will lose confidence that their next
turnwillcome whenexpected, and will probably either interfere with gate settings,
thereby disrupting control over water distribution, or may as a last resort end up
destroying structures.

IIMI’s research has shown that rotational schedules are not rigidly adhered to
(Murray Rust 1990). In 1988, part of the reason for this appeared to have been
because the schedule was not very equitable. In 1989, the implementation was
somehow improved, with most deviations being related to periods when supplies
were greater than expected,and more farmerscould obtain water than was initially
planned.
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TECHNICAL CONSTRAINTS IN MAIN IRRIGATION SYSTEM

MANAGMENT

The last inventory conducted in 1988by the Directorate Irrigation | of the Directo-
rate General of the Water Resources Development (DGWRD) showed that the
quantity and diversity of the structures in Indonesian irrigation systems were
enormous (Table 5). All these structures have to be managed under limited

Table 5.  Physical infrastructure d the irrigation network in Indonesia.

Item Quantity

Number of irrigation schemes 6,731
Total command areas (ha) 4,819,470
Water resources: rivers. reservoirs, springs and others 14,859
Intake structures: pump. moving weir, fixed weir, free intake. etc 21,874
Structures in the delivery canal: sand trap, flushing gate, diversion structure,

siphon, chute, drop structure,etc. 157,196
Structuresin the drainage canal: bridges, culverts, spillway, etc. 10,968
Structuresin the side canal: bridges, culverts, spillway, etc 688
Secondary canal (km) 62,823 630
Drainage canal {km}) 19.582,1 12
Supply canal (km) 988.913,
Side canal (km} 623,286
Road inspection (km) 10,353,048
Cover dikes (km) 2,540,994

facilities, manpower and funds. Obviously,the operation and maintenance of the
main irrigation systeri have already become a heavy burden on the government.
The limited facilities, manpower and funds also create related technical prob-

lems in the main system. These are:

1. Insufficient hydrological data. Hydrologicaldata interms of quantity, quality
and time seriesare insufficienttoback up the operation of the main system
properly. Most irrigation schemes (especially out of Java) were designed
and constructed using very limited hydrological data. These data have
been collected for a few years (1-5years), only during the implementation
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of the imgation projects. Because of the very limited data, the operation of
theirrigtion schemeis usually based on trial and error. Consequently, this
affects the management of the system.

Poor physical conditionof the structures. Results fromseveral studies (Anony-
mous1984; Anonymous 1987; Anonymous 1988;Susanto 1986)showed that

most of the water measuring devices (especially the Romijn type) were not

in good condition. The error of measurement may deviate from 30 to 105
percent of thestandard reading. Very highvariationbetweenthe actualand

theestimatedflowcausessomepartsoftheareas toreceivemorewaterthan

the others as shown in Table 2. The error also results from improper

construction (mostly with the Flume type), incorrect location, and poor

maintenance. Poor canal maintenance causes considerable conveyance
losses. Theselossesvaryaccordingtothelengthandconditionofthecanal,
and discharge. A study on canal losses showed negative values possibly

because the canal is located below the rice field areas. Conveyance losses of

5-10 percent are reasonable values for canals less that 2 km long. These

increase to as much as 16-20 percent if the total length of the canal reaches

4-5 km.

Insufficient drainage facilities. Although in the design of irrigation systems
the drainage requirement has been considered, drainage facilities deterio-
rate very fast. Farmers usually do not know the benefits of having good
drainage facilities. They consider drainage facilities to be useless canals.
The destructiond drainage canalsat the tertiary level occursmostly in the
sugarcane areas. Considering that some upland crops are very sensitive to
excess water, more attention has to be given to improving drainage
facilities. Otherwise, the program on crop diversificationin irrigated rice
fields will not be very successful.

Water resource. More than 80 percent of the irrigation schemesin Indonesia
arerun-of-the-rivertype. Thesesystemsare very sensitivetothe hydrologi-
cal condition of the catchment area to store water from rainfall. As the
condition of thecatchmentareas changesvery rapidly duetodeforestation,
the river discharge alsofluctuates very rapidly between peak flowand base
flow. Evidently,itcreatesaproblem in themanagementof themainsystem.

Inadequate manpower andfacilities. The number of irrigation personnel with
permanentstatus as governmentofficialsisstill below thestandard require-
ment (Djunaedi 1990). Most of those who are involved in operation and
maintenance o the main system are monthly wage earners who are not
motivated to achieve high quality of work. Besidesinadequate manpower,
in operation and maintenance of the main system there is also the problem
of lack of transportation facilitiesto carry out fieldoperations. Agatetender,
for instance with a servicearea of 750 to 1,000 ha, is only provided with a
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bicycle. With thistransport, he hastomonitorand record the daily flowand
crop area, attend weekly meetings with water masters, supervise mainte-
n. ace work, give guidance to water users’ associations, and act as the
irrigation extension officer. Similarly, the water masterswho have service
areas of more or less 5,000 ha are only provided with motorcyclesfor their
transportation.

6. Lackofastandard manual for operation and maintenance. Thegravity imgation
systemisinfluenced by topography. Inthe hilly areas, more structures are
required to control the flow. In the flat areas, more check structures are
required to obtain the needed head. These characteristics of the gravity
irrigation system should be considered in the Manual for Operation and
Maintenance. Atpresent, however,thiskind of manual is not yetavailable.
A manual specifying the conditions of the area will facilitate the manage-
ment of the system.

RECOMMENDATIONS FOR CHANGESIN IRRIGATIONMAN-
AGEMENT FOR RICE-BASED FARMING

Consideringthe objective d maximizingirrigationbenefitsin the dry seasonin the
rice-based cropping system, Murray-Rust (1990)made an overall assessmentof the
results obtained from the componentstudiesand indicated three main sets of tasks
— rotational irrigation, continuous irrigationand planningforlong-term objectives
— where quick and effective progress can be made.

Rotational Irrigation

Rotational irrigation is a mechanism by which scarce water can be allocated to as
many farmers as possible. It, therefore, requires greater top-down control over
water than when water is relatively abundant. Given that rotations are almost
inevitablein the dry seasonin the main and secondarycanal systems, the following
recommendations are presented

1. Rotational irrigation should be introduced when required for hydraulic
reasons, and not based on values of factor-K because it is possible to have
high factor-K values at low discharges.

2. The area planned for irrigation for each day has to take into account the
ability of the irrigation agency staff to maintain proper control at the
structures used to delimit rotational boundaries, and to minimize the
number of gate operations required.
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The size of rotational units should aim at maximizingequityby taking into
account travel time, conveyance losses and other hydraulic conditions.

Within-season scheduling of rotational irrigation should be based on a
prioritysystemthatguaranteeswater to a certain area, but specifying which
areas would get additional irrigation water if supplies are greater than
expected.

Once publicized, rotational schedules must be strictly adhered to so that
farmers can have confidencein obtaining water according to the priorities
alreadyestablished. Failuret~ deliverwater onschedule should be viewed
as a serious mistake of the management.

The rotational schedule has to be agreed upon between farmers and
irrigation staff well in advance of implementation and should, over time,
following seasonal assessment of the benefits obtained, be modified to
become an established and routine component of irrigation practices.

Continuous Imgation

From the perspective of improving dry-season irrigation performance, the focus of
irrigation managers must be to manage excess water by reducing discharges at
every opportunity, while still meeting the cropwater requirements. Through good
management, it is possible to move to a situation where farmers do not object to
reduced deliveries because they are confident that the system will deliver water
when needed. It should, therefore, consider the following:

1.

During the wet season, delivering more water than required should be
viewed as a management failurebecause it may have subsequent negative
implicationson the establishment of nonricecrops. Thisincludes reducing
dischargesduring periods of high rainfall orwhen cropsarenearing harvest
and have lower water requirements.

When supplies are greater than demand, more attention should be given to
monitoring drainage conditions or water tables than todischargesentering
tertiary blocks. In this way, it is possible to move towards a needs-based
allocation of water under favorable water supply rather than relying on
theoretical calculations of demand.

Planning for Long-Term Objectives

Most irrigation management strategies tend to concentrate on the short-term
problems of matching available supplies to demand at field level. While this
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achieves short-term production objectives it frequently leads to an inherently
inequitable pattern of irrigation. Access towater isdetermined not by equity or the
need to share benefits of irrigationwater to as many people as possible, but by the
ability of farmers to plant crops quickly. Once crops are planted, then demand-
based water allocationprinciples no longer meet equity objectives.

This situation creates a genuine dilemma for those involved in the planning
process because they have to decide whether equity is an important objective. For
the irrigationmanager, thisis particularly difficultbecauseachievinggreaterequity
while maintaining production requires much greater managerialinputs than only
meeting production goals. However, the combination of increasing pressure on
land and water resources makes it imperative that equity is given as much
importance as production, if the benefits of imgation investments are to be
maintained. The followingrecommendationsaim at ways of achievingthese dual
objectives.

1. The annual planning process should move towards allocation of water
based on the area capable of being imgated to minimize discrepanciesin
cropping intensities between head-end and tail-end areas. This would
result in allocation of water on a proportional basis using area as the
primary determinant rather than the existing cropping pattern.

2. Where there are significant differences in soilsor drainage conditions, the
allocationshould be modified to take into accountthe differencesin water
requirements. Insuchcases, there may alsobemeritin considering zoning,
such as permitting poorly drained areas to obtain water for two rice crops
instead of one because thereis little opportunity for nonrice crop produc-
tion.

3. Incaseswherewatersuppliesin thepeakof thedryseasonareverylimiting,
the annual plan should include a betweenseason allocation, so that there
is an overall level of equity developed over a period of two or three years.

4. There must be a clear linkage between the annual plan and the opera-
tionalplanof theirrigationmanager. An annualevaluationprocessshould
be done to determine whether deviations from the plan were the conse-
guences of weaknesses in implementationor in planning.

5. Itisparticularly importantthatplans be properly followed in the transition
period from the wet to the dry season to avoid too much area for more
water-demanding crops which cannot be properly irrigated when water
suppliesbegin to decline.

Complementing the above-cited strategies, several options have also been
identified to address the problems in the operation and maintenance of the main
systemasa part of an integrated management activity. These are as follows:
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Providing facilitiesand personnel to meet the minimum standard level.

Giving special attention to improve data-gathering and the processing
technique to provide more reliable information.

Improving the information management system to minimize information
lossesand to maximize the use of information and data already gathered.

Providing different standard procedures of operation and maintenance
according to the characteristics of the irrigation scheme, such as the
elevation and topography of the command area. Developing a standard
procedure of operation and maintenance (in the form of a manual) can be
a long-term program.

Providing sufficient and reliable hydrological data, including the cali-
bration of water-measuring devices.

Providing a simple but accurate method to estimate probable rainfall and
river discharge. Related to this technique is the procedure to estimate the
amount and distribution of available soil moisture over irrigated areas.
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INTRODUCTION

MosT irriGaTION SYSTEMS in the Philippines and in other developing countries of Asia
have been designed forriceirrigation. The majority of such systemsare run-of-the-
river type, with fairly adequate water supply to irrigate their design areas during
the wet season. However, during the dry season, they experiencewater scarcity so
that only part of the design area could be served. This situation somehow

encouraged the adoption of diversified crops in some of these systems.

While the need to produce more rice to support the demand of the increasing
population is recognized, the production of nonrice crops during the dry season
provides opportunities for increasing the productivity of irrigation systems. It
could provide a means to optimally utilize the available land and scarce water

resources for agricultural production.
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The cultivation of upland crops in the dry season with or following lowland rice
is not really a new practice in some irrigation systems. However, much more
managementinputsfromboth the irrigationagencyand the farmers may be needed
when nonrice crops are grown. Variability in demand in time throughout the
seasonand at any moment of time within the system is expected. Asmostirrigation
systems have been designed for rice cultivation, management modifications may
have to be introduced.

Thispaperpresentsasynthesisoftheresultsof the three-year studyonirrigation
management for rice-based cropping conducted by the International Irrigation
Management Institute (IIMI} and the International Rice Research Institute (IRR]) in
collaboration with national institutions in the Philippines. 1t was primarily based
on the reports presented during the National Workshop on Irrigation Management
for Rice-Based Farming Systems held from 10 to 11 September 1990 at the
Continuing Education Center, University ofthe Philippines at Los Baiios, College,
Laguna. It focuseson the system level considerationsto improve the performance
of irrigation systems for diversified cropping.

SCOPE AND OBJECTIVES

Inaccommodatingnonrice cropsduringthe dry seasonitisexpectedtoaddress the
three overall objectives of irrigation systems, namely; productivity, equity, and
sustainability. By planting nonrice crops, larger areas can be served and made
productive while improving equity of water distribution since more farmers will
be beneftted. Through improved irrigation management, sustainable farming
systems could ultimately be achieved. When farmers feel assured of receiving
water deliveriesthat correspond in timing and quantity to the requirement of field
crops, they will be more willing to take the risk of diversifyingintonew crops. The
diversification of cropping systems reduces economic and biological risks associ-
ated with growing a single crop.

In addressing these overall objectives,each system has to develop its own set of
spetific objectivesand plan out the processes that will be employed. Essential to
these tasks is an assessment of the conditions of and the resources that may be
tapped by the system (Figure 1).Theseresourcesinclude: 1)water source; 2) land;
3) crops; 4) finances; 5) facilities; 6 )support services;and 7) organizations. In one
way or other, these are important considerations that have to be looked into. The
project had given more emphasis on the aspects of management of water and
management of organizations.

Management of water. Management of water concerns processes in the physical
system. Itencompasses the operation and maintenance of a canal system from the
source down to the farm. It includes the delivery of water to farmers or farmer
groups and theremovalof theexcesswater notneeded by thecrops. Thus, it implies
awareness of the water requirement of crops and of the constraints on water
delivery that may be imposed by such aspects as soil type or land shaping.



Figure 1. Interrelationship of factors affecting crop diversification
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Canal operations are still the predominant area of water management. Many of
the present problems of canal operations result from the changing objectives of
canal systems, like changes in cropping patterns as farmers adjust to economic
changes.

The development and utilization of the groundwater resourcescould augment
the surface water supply in most irrigation systems. The conjunctive use of
groundwater and surface water resourcesmay modify the seasonality of irrigation
supplies.

Management d organizations. Institutional arrangement and organization and
management changes that will facilitatethe implementation of improved practices
should go hand in hand with the aspect of management of water. Increased
accountability of the irrigation agency, particularly to the farmers, and improved
coordination among agencies should be looked into. Techniques to enhance
communication and information management processes of the irrigation agency
arealsoimportant. Thus, managementoforganizationsessential ly concernspeople
and includes information management.

Management should monitor not only the inputs but also the outputs, the
process, and the feedback,and make necessary changes in real-time operations in
response to such feedback. Enhancing the management capacity of the decision-
making and operating personnel of irrigation agencies, is the key to achievingand
sustaining high levels of irrigation system performance. If irrigation agenciesare
to adopt better canal operation practices and use them on a large-scale and
sustained basis, profound changes in both their internal structures and processes
and the policy environment influencing them will be required.

The relationship between the agency that manages irrigation and the users of
water or the farmers mustbe givendue attention. They arejoint participants inthe
business of crop production, and irrigation cannot succeed without the best efforts
of these two groups. The farm community, however, isnot under the direct control
of the managing organizations. But because the performance of the system is
affectedbythoseaspects thatareoutsideanagency'sdirect control, it cannotignore
what happens in these sectors. It should be able to find ways of influencing them.

Objectives of the Project

In support of the overall goals of the IIMI-IRRI Project, the Philippine component
aimed to: 1)document and analyze the planning and management procedures of
irrigation systemswith rice-based cropping; 2) explorestrategies to efficiently and
effectively manage irrigation systems for crop diversification; and 3) draw up
recommendationsforpossible useby irrigation managers, farmersand policymakers.
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IMPLEMENTATION ARRANGEMENTS
Study Sites

T y vit  ducted inthree of erating irrigation systemsinLuzon.  es¢
tt  pp: TlalaveraRiver Irrigation System (UTRIS) in Nueva Ecija, Lacag-Vintar
River Irrigation System (LVRIS) in Ilocos Norte and the San Fabian River Irrigation

'S] in Pangasinan (Figure The criteria used in the 1
c 1) irrigation system type and size; 2) presence € ’X°F 53)
current activities of IIMI and IRRI; 4) presence of a variety of soil classes; 5) rainfall
[ I ) existence of farmers’  ani: i d 7) location and environment
(whether peaceful or not).
All three are run-of-the iy ran st
November and dry therest of the year, itt § w d

4,000 ha for UTRIS (including the San Agustin Extension area), LVRIS, and SFRIS,
respectively T '« 1) Uplani r diversified crops such as onion, tobacco, cotton,
rli \ 1 etc., havebeen grown in portions of the service areas during

Talavera River Irrigation System. The UTRIS has twomaincit s &t

}  Theleftbank main canal (facing downstream) is called the San Agustin
Extension (SAE) and the right bank main canal is called the UTRIS main (Figure 3).
The SAE serves 750 ha {(under one watermaster division) in the wet season and 150
f thedryseason. Ithas one main lateral and three sub-laterals with a total canal
length of 10 k

The UTRIS main serves 3,900 ha in the wet season and 500 to 750 ha
It has six main laterals and seven sub-laterals with |

Table 1. General description of study sites.

Sysiem Dam type ig Soil type Benefited area, crop year, 1989-90
th)
Wet-season Dry season
rice (ha)
Rice (ha) Other
crops*(ha)
Silty clay E
LVRIS Ogee-dam 2am Inam to clay .31 kLt 700
loam
Silty clay
UTRIS** Ogee-dam 1650 loam 1o clay 3,900 1,150 SO0
loam
SERIS Ogee-dam 4400 Silty clay 2,765 2765 1000
) ! loam to clay ' e
Notes:
* for LVRIS, predominantly garlic with tomato, mungbear and vegetables.
U US,p 4 i thoi 1 og il
predominantly with some vegetables.

including San Agustin Extension area
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Figure 2. Map of the Philippines showing location of study sites
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Figure 3. Map o the Upper Talavera River Irrigation System.

65

KILOMETERS




66

During the dry season, about 200 to 300 ha are planted to diversified crops,
mostly onion. Besidesthe incomefrom the crop, the physical characteristicsof the
soilsin the area may have contributed to the practicesof diversification. Theagro-
hydrological characterizationconducted by the Bureau of Soilsand Water Manage-
ment(BSWM) showed that the systemhas generally lighter soilswhichsuitupland
crops (Figure4). An earlier study by Cablayan and Pascual (1989) identified some
41 percent of the area as highly suitable for irrigated diversified crops, 54 percent
as moderately suitable and only 5 percent as marginally suitable.

Laoag-Vintar River Irrigation System. The LVRIS has a total servicearea of 2,377 ha
covering Laoag City, Vintar and some areas of Bacarra and Sarrat in the province
of Ilocos Norte. Ithas atotal canal length of 72.98 km composed of a 27.5-kmmain
canal, seven laterals and five sub-laterals (Figure 5). Curved sectionsof the main
canal which are susceptible to erosion are lined. It was recently rehabilitated
through the National Irrigation Systems Improvement Project (NISIP).

The total area planted in the dry season is about 1,500 ha with about 800 ha
planted to rice. Rice is generally planted in the upstream portion, near the main
canal and in low elevation areas. Diversified crops, mainly garlic, are planted in
well-drained light soils, mostly atthe tail sections. Morethan50percent of the area
of the system have been identified as highly suitable to diversified crops.

San Fabian River Irrigation System. The SERIS also has two maincanalsonbothbanks
o the Bued River. The left bank main canal (facing downstream) servesthe San
Jacinto area and the right bank main canal serves the San Fabian area (Figure 6). The
San Fabian area has three main laterals and 5 sub-laterals.

The potential service area of the system is more than 4,000 ha but only half of it
is served for the wet season rice. The water control system is only capable of
irrigating 2,765 ha of rice in the wet seasonand 1,500 ha of rice and tobaccoin the
dry season. Tobaccoand other upland cropsare usually planted in the upstream
laterals overlying alluvial fan terraces with soils of moderate to rapid internal
drainage (Figures7 and 8).

Research Implementation and Coordination

The different research studies were conducted primarily through contracts with
national research institutions and by research scholars and fellows as part of the
project’sprofessional development objective. The National Irrigation Administra-
tion (NIA) was the primary collaborator. The other agencies involved were the
Departmentof Agriculture (DA),Bureau of Soilsand Water Management (BSWM),
Central Luzon State University (CLSU)and the Matianc Marcos State University
(MMSU). Coordination of the differentactivitieswas encouraged through regular
meetings of the differentresearchers. Someof the studieswere alsoincluded inthe
regular reviewand evaluation of researches conducted by the National Agriculture
and Resources Research and DevelopmentSystem (NARRDS)through the Philip-
pine Council for Agriculture, Forestry and Natural Resources Research and
Development (PCARRD).
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Figure 4. Soil classification map d Upper Talavera River Irrigation System based on agro-
hydrological soil characterization.
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Figure 6. Map of the San Fabian River Irrigation System.
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Figure 7. Agro-hydrological soil characterization map, San Fabian River.
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Figure 8. Soil permeability class map, San Fabian River Irrigation System, based on Agro-
hydrological soil characterization.
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RESULTS AND DISCUSSION

System Water Control

Given the water control setup, currentfarmerwater applicationpractices, and field
physicalconfiguration a pressureenergytwo-thirdslarger than that for rice should
be developedfortobaccoand other crops. Thisis needed to producehigh flowrates
to achieve a flash flooding effect such that water is applied quickly to a field and
drained immediately to prevent waterlogging.

The higher flow rates required by nonrice crops further require higher water
level in the supply canals. However,adequate mechanical control is usually absent
in such supply canals. In UTRIS, steel gate turnouts and some check structuresare
already missing. Flashboardsare sometimesused but these easily get lostand tree
trunks and other debris are used. In such situations, adjustmentsin canal flows
cannotbe easily done. This inducesthe farmersto use debris on check structures
which worsens canal maintenance problems.

The operating head requirement for nonrice crops likewise, results in the
implementation of a rotational schedule not only by sections of the main canal
systembut evenup to individual farmer level. As observed, however, not allareas
in a certain section can be irrigated within the prescribed schedule. Thisresultsin
sliding of the schedule,i.e., water is not diverted to the next area until all areas in
the scheduled section are irrigated. Sometimes, areas unirrigated during the
prescribed schedule have to wait for the next schedule.

Inadequate structural control facilities also hamper the implementation of the
rotationalschedule. If aturnout gateis missingin the upstream area, water supply
remains continuous even when rotational distribution is implemented. Such an
eventcausesproblemsinimplementinganeffectiverotational distributionscheme.

Water Augmentation for Dry-Season Cropping

An inventory of shallow groundwater within UTRIS has shown the areas which
have potential shallow groundwater even during the dry season which can be
tapped particularly for upland crop production. Based on the persistence and
depth of the water table, about four-tenths of the nonirrigated, non-waterlogged
sites had usable resources of shallow groundwater early in the season and about
one-fourth still had usable reserves at the end of the season. Early in the season,
shallow water table was near the main canal and near areas irrigated for a second
rice crop while at the peak of the dry season, shallow water table was found along
the lower portion of the main canal.

Farmers, especially those owning farms located in the lower sections of the
irrigationsystemwhere water islimitedduring the dry season, havebeen practicing
water augmentation. The augmentation system consists of a centrifugal pump
drawing groundwater either from open concrete-casedwells or drilled tubewells.
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Monitoringof the water table depths, dischargesand drawdowns indicated that
therearereliablegroundwateryieldsinthesitesforaugmentingwater forirrigation
systemsfor crop diversification. In the UTRIS, more or less 60 pump systemswere
observed operatingwithin the service area in the 1989-90dry season. Furthermore,
there are farmers, observed to be constructing more new wells. It is important
though to examine the effect of the increase in density of these systems on
groundwater yield.

The conjunctive use of groundwater and surface water and even rainwater is
worthwhile considering. Hence, managers of existing imgation systemsin the
country are encouraged to pilot test a water augmentation scheme, using shallow-
well pump systemswithintheirjurisdictionto determine the feasibility of adopting
this system-wide.

Alternative Crops and Cropping Patterns

The results of simulation studies showed that diversified crops could result in
higher total income for the farmersand higher collectibleirrigation service fees for
theirrigationagency(Table 2). Garlicwasshowntobeaveryprofitablecropinboth
UTRISand LVRIS. Potatoand onionhave very high potential in LVRISand UTRIS
respectively. However,thesecropshaveveryvolatilepriceswhichcould also cause
losses to farmers.

Hybrid corn was shown to be the most viable crop compared to rice. Since the
crop is to be produced only during the dry season, it would barely affect prices in
other areas because corn is mostly raised as rain-fed during the wet season. The
adoptionof thecropwillalsoreduceimportationof thecropduringthedryseason.
Fieldtests at UTRIS haveshownthatemployingthepresentproductiontechnology
coupled with supplementalirrigation,producing hybrid corncan be profitable. In
San Manuel and Moncada towns in Tarlac Province, farmers have practiced the
growing of hybrid cornwith irhgation coming from shallow tubewells.

For leguminous crops and tropical wheat, there is still a need to improve
technologies in growing these cropsand the development of better varietieswhich
could give higher yield to farmers comparable to rice production.

Irrigation Management at UTRIS

At UTRIS, the seasonal plan development starts with the submission by the
Assistant Water Management Technicians(AWMTs) o their target imgable area,
based on estimated available flow. Italso includesweekly dischargesnecessary to
support the programmed areas. These plans are submitted to the Zone Engineers
(ZE) who consolidate them into the seasonal plan for the zone.

The zone plans are further consolidated into the district plan by the Operations
Engineer (OE)which is then submitted to the Water Control Coordinating Council
(WCCC) of the Upper Pampanga River Integrated Irrigation Systems (UPRIIS).
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Table 2. Simulated cropareas, total production costs,gross production value, farm family income
and collectible irrigation service fee, LVRIS and UTRIS.
Crop area (ha) Productic Total Total Collectibl
costs gross farm irrigation
productio family service
crops value income fee
Rice Nonrice
................. thousand pesos........c..c.......

Potato 690 1.254 35,820 423,546 387.726 1,082
Garlic 557 1,600 57,648 139,685 82,037 1,138
Tomato 557 1,600 15.258 90.725 17,792 1138
Corn 557 1600 12933 53,925 38,667 1,138
Peanut 690 1,254 12.721 46,970 34,667 1,082
Wheat 551 1.600 12,933 35,557 25,416 1,138
Rice 1,305 0 7,887 32,625 24,738 979
Mungbean 557 1,600 8,249 30,821 22,572 1,138
The Upper Talavera River Irrigation System

Garlic 300 1,600 50,702 135.500 93,189 1.103
Onion 300 1,600 42,312 115,500 64,798 1,103
Corn 300 1,352 11,776 41,300 29,525 912
Peanut 224 1,500 16,725 39.350 22,624 984
Mungbean 240 2,000 13,849 30,000 23,951 1,138
Rice 897 0 6,911 22,425 15,514 785
Soybean 368 1,580 18,635 30,530 11,895 1.152

Based on the OE district plans, the WCCC makes the plan for the entire UPRIIS,
depending on the available water from all sources. The WCCC makes revision in
the plan if the availablewater is not enough to support the program areas.

Theentireplan for UPRIISalso includesthat forthe UTRIS evenif it does not get
water from the Pantabangan Reservoir. However, in a recent decisionby the new
Operations Manager of UPRIIS, the UTRIS managementhasbeen asked to treat the
system separate from the reservoir-supported areas. Thus, a separate plan has to
be prepared regardless of the plan for UPRIIS.
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The UTRIS irrigation plan is prepared by INIA before the start of a season. This
plan is disseminatedto farmers through farmers’ meetings, preseasonal trainings
and patalastas. Sometimes, farmersdonot understand the reasonsbehind the plan.
Most of them do not know the specifics d the plans such as whether they are
included in the program or not. The patalastas specify locationsby watermaster
divisionsometimesby lateralsand villages. If onlyapart of such lateralsor villages
is programmed, the location of the area programmed is not specified. It is not
uncommon to find farmers not knowing the Divisions to which they belong.
Informationdissemination seems to be a problem.

System operation in 7987-88 t01989-90. At SAE, the Farmer Irrigators’ Association
(F1A)leadershelped in water distribution, taking full chargeat nightwhen the NIA
personnelwere not on duty. SAE can serve its whole service area during the wet
seasonif themaincanalisnotsilted. The main canal of SAEisbuilton thesideslopes
of a hill and during heavy rainfall, runoff carryinglarge amountsof siltenters the
main canal. These accumulatein canal bottoms and clog the canals. Removal of
accumulated silt from canals requires the use of heavy machinery. SAE can only
serve a limited part of the system during the dry season.

The UTRIS main canal can serve its whole service area during the wet season.
Excess water flow was also diverted to the reservoir-supported area downstream
of UTRIS. In the dry season, it can only serve 30 percent of the whole service area
due to limited water supply. Low water supply usually started in late January to
the beginning of the wet season. In the months of November toJanuary, there was
more than enough water to serve the programmed areas. This flow was used by
downstream farmerswho were not programmed to plant asecond crop of rice, but
they usually have shallow well pump systems to support their crop when water
from canals becomes scarce. More often than not, farmers resorted to night
irrigation. They walked along the canals during the nightand removed checksin
the main canal to divert water downstream. This deprived the programmed areas
of night water supply.

In the past three years, the dry-season water supply of UTRIS was further
reduced by illegal diversion of water from the Talavera River, by a log-dam
upstream of the UTRIS Dam. There is a water right connected to this log-dam, but
it is only for the wet seasonwhen the river flow is more than what UTRIS requires.
However, it diverted water even during the dry season.

Waterdeliverytoallsectionsof the systemwascontinuousin the wetseasonuntil
the beginning of the dry season (December to January). When water scarcity
occurred in February until the end of the season, rotational water delivery was
resorted to in the system. Areas under critical stages of crop growth were given
priority to get water. The schedule was disseminated to the farmers before
implementation. Rotational schedulesinthe pastyears,however,werenotadhered
to. Farmersdid not follow the schedule especially during the night.

Progress offarming activities. Farming operations started earlier in 1989-90than in
the previous years. The cumulative land-soaked area showed that the start of
operationfor the 1989wet season was twoweeks earlierthan in the previous years
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(Figure9). This is also shown in the cumulativeplanted area for the whole system
during both the wet and dry seasons (Figure 10). It is worth noting that the area
planted during the dry season of 1989-90was almosttwice that cropped during the
previous years.

Somehow, these results showed a positive action onthe recommendationsgiven
to both NIA and the farmers. Areas planted to two crops of rice (wet and dry
seasons) in the downstream portion of the system had been recommended to plant
early in the wet season. Thiswould resultin early planting of the dry season crop,
and harvest of such crop in late February to early March. Water scarcity in the
system usually starts in February and becomes extremely low in late March until
the end of the dry season.

Analysis of the historical flow of the Talavera River showed that if the second
crop is harvested in March, water scarcity could be avoided. Thiswas explained
to the NIA personneland the farmersin ajoint workshop in December 1988. It was
then proposed that downstream areas mostly planted to rice start wet-season
operation as early as possible. However, thiswill require extraeffortby the NIA
managementto bring whatever flow availablefrom theriver during such period to
thedownstreamarea. Duringthelastcoordinationmeetingamong theresearchers,
NIA and farmers, held in March 1990, this was agreed to be implemented during

the 1990wet season. However, repairs done in the system in May and June 1990
delayed this plan.

Water distribution. The system showed no improvement in dry-season water use
efficiency (WUE) from 1987 to 1989 (Table 3). However, there was a clear
improvement in water distribution. The water sharing was almost the same as the
arearatio (60 percent upstream and 40 percent downstream)for the 1989-90season.
During the wet season, the downstream area was about 60 percent of the whole
system in area irrigated. In other years, especially crop year 1987-88,inequitable
distribution was prevalent.

Figure 11shows that total system diversion in the wet season did not differ in
differentyears. However, diversion in the dry season for the two later years was
higherthanin the firstyearofobservation. Becauseofrainfallduringthedryseason
1988-89,therewas higher diversionduring February and Marchcompared to 1989-
90.

Figures12,13 and 14show how the total diverted flow by the systemwas shared
between the upstream and downstream sectionsof the system. In 1987-88 season,
although the downstream section irrigated a larger area during the wet season, it
was diverting much less water (Figure 12). The same situation was observed in
1988-89 except during the late wet and early dry seasons when diversion to the
downstream area was greater than to the upstream area (Figure 13). In 1989-90,
there was a marked improvementin terms of water sharingbetween upstream and
downstream areas compared to previous years (Figure 14).
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Figure 9. Cumulative land-soaked ares, (started operation), crop years 1387-88, 1988-89, and
1989-90, whole system, Lipper Talavera River Irrigafion System.
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Figure 10. Cumulative planted area, crop years whole system, Upper Talavera River Irrigation
System
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Year IDR RF AID WUE Water sharing. percent
....... (mm/wk)........ (percent)
Upstream | Downstream | System
1987-88 85 4 144 66 7 23 100
1988-89 70 6 219 42 49 51 100
1989-90 79 | 279 60 56 44 1060

WUE = IDR/({AID +RF) X 100
Irrigation Management at LVRIS

Before the beginning of the dry-seasoncroppingat LVRIS,NIA determinesthe area
tobe planted with rice, based on severalcriteria, foremost of which is the estimated
availablewatersupply. The area tobeplanted tononricecropsis determinedusing
the conversion factor based on the irrigation fee for nonrice crops which is 60
percent of the prevailing rate for rice.

The areas programmed for rice were mostly in the upstream and midstream
portions, while those programmed for nonrice crops were in the downstream
portion. Riceareasinthedownstreamportionare thosenotsuitedfornonricecrops
because of their low elevationand the type of soil.

The plan of operation is discussed in several farmers' meetings either called by
the NIA management or by the 1A leadershipin coordination with the LVRISfield
staff. The farmersare given the optionto decide on the kind of crops they wish to
grow intheirareas. The NIA managementrecognizesthatbased on experience, the
farmersknow very well the kinds of crop they should grow in their farms.

In the early part of the croppingseason, there is enough irrigation water and it
flows continuously in the main canal. Rotation is resorted to when the supply
becomes low.

Systemoperation from 1987-88 t0 1989-90. Atthestartof each cropyear (June), aone-
year croppingcalendarwas developed through apreseasonalmeetingbetween the
cabecillas (head of the 1A at the district level) and NIA. Lectures on proper water
management, operation and maintenance, and evaluation and assessment of
system performances were conducted by NIA.

Farmers were given eight weeks to finish land-soaking and land preparation
during the wet seasonand six weeks during the dry season. NIA programmed the
tail section first during the wet season.

NIA’s watermasters and ditchtenders informed farmers beforehand of the
planned scheduleof farmingactivities, water delivery and deadlinescdf transplant-
ing and necessary maintenancework through the cabecillas. \WWater was generally
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Figure 21.  Weekly diverted flow at main canal headgatefor crop years 1987-88 and 1988-89,
Upper Talauera River Irrigation System.
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Figure 12.  Weekly diverted flow at canal headgate, upstream and downstream areas for the crop
yenr 1987-88, Upper Talavera River Irrigation System.
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Figure 13.  Weeklydiverted flow at canal headgate, upstream and downstream areas for the crop
year 1988-89, Upper Talavera River Irrigation System.
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Figure 14.  Weekly diverted flow at canal headgate, upstreamand downstream areas for the crop
year 1989-30, Upper Talavera River Irrigation System.
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delivered continuously to all divisions; however, there was a fixed rotational
schedule to irrigate areas which needed a large delivery in order to irrigate their
service areas. During water shortage, rotational schedule was implemented
throughout the system. Theusual rotational scheduleinadivisionwas 1-2daysper
district starting from the upstream to the downstream portion. Water delivery
schedule was usually decided in situ by the watermasters, depending on the
situation and status of water supply.

Progress of farming activities. Figure 15shows the cumulative land-soaked areas
(areas starting operation) for the crop years 1987-88to 1989-90. In earlier years,
somefarmersstartedoperation aslate as February. Inthepreseasonalmeetingsfor
the dry season, 1989-90,the latest date of startofoperationspecifiedby theplanwas
mid-December. However, only about 30 percent of the farmers followed the plan.
The main reason for the delay was the late release of certified rice seedsfor the Rice
ProductionEnhancementProgram (RPEP) of the DA. Thiswas solvedby allowing
the fannersto use their own seeds. However, itwas already late when the farmers
were informed of this decision.

There was not much difference in the cumulative land-soaked areas in the
differentyears. However, in 1989-90,1and-soaking was finished a month earlier
thaninthepreviousyears. Thiswasattributed tothevigorouscampaignconducted
to enforce the plan developed jointly by NIA and the farmer leaders.

Figure 16 shows the progress of planting for the system. A larger area was
planted for the crop year 1988-89. Thiswas due to the late rainfall during the wet
season which made the farmers raise a second crop to offset the low wet-season
production. In 1989-90, the planting date was earlier compared to the previous
years due to the vigorous campaign to induce farmers to adhere to the schedule.

Waterdistribution. Figures 17to 19show the weekly water diversion of the system.
Low water supply was observed earlier in the crop year 198%-90 compared to the
other years. While low water supply occurred in mid-January in other years, it
occurred asearly as mid-Decemberor a month earlierthan usual in 1989-90. Water
diversionto Division | was also reduced in 1983-90. This shows an improvement
considering that in the other years, Division | had been divertingmuch water to the
detriment of other divisions. This is considered an achievement for the system
personnel and the farmersbecause water supply in 1989-90was more critical.

There was no marked improvement during the years in terms of water use
efficiency. However, there was an improvement in terms of water distribution
(Table4). Inthe earlier years, there was alwaysa division getting less water than
it required. In 1989-90, all divisions got more than what was required. Thiswas
due to the timely action on problems through monthly meetings. The weekly
rotation schedule was not very effectivebecause the desired critical flow diversion
to the different sections of the system was not being met. This was recognized
during the study and late in the season, for each week, and diversion was
concentrated in one division only.
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Figure 15.  Cumulative land-soaked area (started operation), Laoag-Vintar River Irrigation
Systemn, dry seasons, 1987-88, 1988-89 and 1989-90.
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Figure 16.
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Cumulative planted area, Laoag-Vintar River Irrigation System, dry seasons 1987-

88, 1988-89 and 1989-90.
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Figure 17. V¥l diverted flows at main canal and divisional kendgates, Laoag-Vintar River
Irrigation System, dry season, 1987-88.
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Figure 18 \Veekly diverted flows at main canal and division headgates, Laoag-Vintar Riwr
Irrigafion System, dry season, 1988-89.
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Figure 19.  Weekly diverted flows at main canal and division headgates, Laoag-Vintar River
Irrigation System, dry season, 1989-90.
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Table 4 seems to indicate that there was more water available in 1989-90.
Considering the total diverted flow for the season, this is true, sincethe late season
flowwas quite larger comparedto the otheryears. However, the early season flow
in the previous years was larger compared to that in 1989-90.

Table 4 also showsthat there should have been no problem in 1989-90. Thetotal
water supplied for the season was 2.3 times the required amount. However, the
systemwasdesignedforriceata value required for land-soaking. Diversifiedcrops
even need higher flows than these designed flows. Reduction in area irrigated
compensated for the change in crops. However, the diverted flow could not be
reduced, for itwould have resulted in low turnout flows which would not satisfy
the critical flows needed by the farmers. When the total supply is low, this is
concentrated to a section to satisfy the critical flows. To compensatefor individual
farmers' critical flows, the flow diverted to each turnout is concentrated to a few
individuals only. Thisisbeing followed in the system.

Table4. Summary d water sharing (percent), by divisions for dry seasons 1987-88, 1988-89,
1989-90, Laoag-Vintar River Irrigation System.
Crop Year Divisions
1 Il m v System

1987-88
IDR 8.6(42) 5.7 (28) 4.9 (24) 5.4 (26) 24.6 (100)
AIF 22.6(44) 13.7(27) 4.1 (08) 11.8 (23) 52.2 (100)
IDR/ATF 2.6 2.4 0.8 22 22
1988-89
IDR 10.4(39) 5.9 (22) 3312 -8.1(30) 27.7 (100)
AlF 24.0(55) 5.9 (14) 3.4 (08) 9.7 (22) 41.0 (100)
IDR/AIF 2.3 1.0 1.0 1.2 1.5
1989-90
IDR 10.9(54) 4.1 (20) 1.8(9) 7.6 (37) 24.4 (100)
AIF 25.0(45) 19.0 (34) 2.1 (4) 92(17) 55.3 (100)
IDR/AIF 2.3 4.7 12 1.2 23

IDR = Irrigation division requirement, total of the season in million cubic meters.

AIF = Actual irrigation flow, total for the season in million cubic meters.

Numbers in parentheses are ratiosof the division share over the whole system i percent.
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IMPROVED MANAGEMENT FOR DRY-SEASONIRRIGATION

The results of the different studies have identified a number of strategies and
options which may be worth considering by the imgation managers, not only for
irrigatingnonrice crops during the dry season but also in the overall management
of the systems. Someimgation procedures and practices can be further improved
to effectively irrigate rice and nonrice crops or a mixed cropping system. The
following suggested improvements focus on the existing planning, implementa-
tion, monitoring and evaluationproceduresof NIA (Table5).

Improved Physical Facilities and System Water Control

The physical condition of the irrigation system {e.g., canals and ditches, turnout
structures, etc.) will have a direct bearing on the amount of water that will be
required as it determinesconveyance losses and consequently, efficiency of water
delivery. Efficientcontrolstructuresare not only necessary for imgation of upland
crops but for rice as well. An efficient water distribution plan could be imple-
mented, only with effective water control and measurement structures.

Itis necessary to provide the needed volume of water to a certainsection. Canal
limitationsshould be considered in this aspect. Canals have critical flow limita-
tions, that ata certainflow divertedto such canals, no flowoccurs at turnouts unless
excessivechecking is done. Atsuchlow flows, farmerscreatetheir owncheckpoints
to divertwater to their fields. Efficient operation of the system cannotbe achieved
in suchsituations. Canal flows should be maintained at a level where checking is
done only at designed check structures.

System Characterizationand Mapping

The agro-hydrological characterization of the system indicated the heterogeneity
of the soils within the service areas of the irrigation systems. In UTRIS, SiX
physiographicunits had been identified whileeight unitswere identified in SEFRIS.
These units showed variation in texture, infiltration rate and permeability. These
characteristicshave influence on the type of management that has tobe employed.

A more detailed characterizationof the systemalso provides more reliable data
which could be input intoa computer aided mapping program developedearlier.
This program can be used as a tool for identifying parts of systems suitable for
irrigated nonrice crop production and help improve the planning procedure in
allocating water for rice and nonrice crop areas. Consequently, this will help in
determining the demand for water. Since this technique requires reliable data
inputs, it is necessary to have more detailed survey of the imgation systems.
Updating existing maps will prove useful.
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Table5. Existing NIA procedures and recommended methodology/tools t0 further improve
system management.
Methe |logyftools \etual/recommended methodelogies for UTRIS
ActiviTy
Existing Recommended Existing Recommended
Planting
Estimation of
Available Water
Supply
Dependabl | j-year Incomplete Veekly rainfall man based | Meekly
rainfall noving gamma n 5-year previous data. Jependable
wverage distributionanal ¥hen Instrument for rainfall | -ainfall values to
Augment neasurement breaks down, » adjusted
existing data a data is added and data wnaually as data
and re-analyze i8¢ is not updated and plan | s added 1o
annually or last year is adopted wevious
=eords,
Stream §-year Lon-Normal/Low | itreamflow observations nat | ¥eckly
flow noving Distribution sing done (stopped). data lependable river
(River verage Analysis iase on out-dated datahence | low values to
discharge) augment nnual program is % adjusted
existing data inchangingand personnel wthually asdab
and re-analyze cgards planning asjust s added to
annually opying previous plans for srzvious
ubmission asjust copying ecords.
irevious plans for
ubmission as requited.
Other isting Identify cther
sources drainage points where
re-use re-use dams
dams, and could be
private constructed to
shallow fully utilize all
well pumps | possible water
sources.
3 Estimation of
Irrigation
Demand
crop water | Based on Based on Jut-dated data results in Verified dam for
duty rice particular crop inequal distribution of water | use in planning
grown using n day to day operation of and actual
crop coefficients | iystem dueto incorrect system
and pan wsessment of water needs operation.
evaporation
data. Existing
data be verified
during actual
system
operation.

Continuedon page 93
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Methodology/ftoals I Actualfrecommended methodologies for UTRIS
Activity
Existing Recommended Existing Recommended
Soil Existing Based on Datamay be outdated Verified data
demand databutare | agro-hydrologic | already, resulting in uneven | perarea and
they stillin | soil distribufionof water in daily | crop for use in
use or characterization. | system operation due to planning and
already lost ' incorrect assessment of actual systerm
inwords? water needs opcration.
Efficiency | Existing Verification of Data may be out-dated Verified data far
distribution | data but are | data basedon already resultingin same use in planning
losses, they stillin | roil types, situation as above. and actual
application | use or farmers system
losses, already lost | practices, crops operation.
system inrecords? | grownand
efficiency axisting
structures and
other irrigation
facilities.
Irigators'
Associations
Involvement
Planning No or Active farmers Farmers not following plans | Plansthat nm
minimal involvement in resulting in inefficient acceptable and
involvernen | decisions 0n performance due to followed by
which areas to disruption of planned farmers.
be served, crops | activities thus no semblance
10 be grown, of farmers' disciplinein
pperation dates | divertingwater especially
and irrigation when there is no immediate
methodsto be water stortage.
used.
Water No or Active Itis only duringcritical Operation
distribution | minimal involvement, in | water supply situationwhen: | strategies
invelvemen | plan strict supervision is responsive to
implementation. | implementedwhere efficient | farmers' needs
feed-back operationis achieved. and system
mechanismfor limitation.
evaluation of efficient use of
water available water
distribution resources.

strategies.
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More Accurate Methods of Prediction

Indetermining wateravailability from river and rainfall, continuous datacollection
is recommended to account for climatic and terrestrial changes. More reliable
analyticalmethods should be used inanalyzingsuchdata. Themethods used in the
simulation studies are recommended and considered as more reliable than the
present analytical tools being used.

The probable amount of water that will be availableis estimated primarily from
the analysis o river and rainfall data. NIA presently uses the 5-year moving
average to determine river discharge. However, streamflow observationsare not
being done and therefore outdated data are used. Hence, the annual program is
unchanging and personnel regard planning as just copying previous plans for
submission as required. Regular monitoring and calibration of the NIA systems
diverting water for irrigation could provide weekly river flow values which could
be adjusted as data are added to previous records.

The present five-yearmoving averagemethod for determining rainfall probabil-
ity islessreliableon the weeklypredictioncomparedwith the 50 percent probability
level of the incomplete gamma function. It overestimates the actual rainfall and
when measurement breaks down, the database is not updated and the previous
year’s plan is adopted.

The incompletegamma distribution function (IGDF) is a hydrologic frequency
analysis tool which is appropriate for analyzing daily, weekly or 10-day period
rainfall data. It produces more reliable data than arithmeticmeans. For instance,
inanalyzingafive-yearrainfal ldataforacertainveekwithfouryearswhenrainfall
was zero and one year when rainfall was 50 mm, the arithmeticmean will say that
10 mm of rainfall can be expected while the IGDF will say that zero rainfall is
expected once in four years, which best describes the probability.

Groundwater Utilization

The contribution of groundwater in upland crop production during the dry season
can be tapped by planting in areas where the water table is shallowenough for the
plants to use the water through capillarity. Existing drainage reuse dams and
private shallow wells can provide supplemental water, particularly during scarce
watersupplysituations. Itwasobserved thatfarmersuse thesepumpsevenduring
the rainy season to be able to start their rice crops earlierwhen irrigation water is
not availablein the canal or when rainfall is very low. During the dry season, these
pumps are the primary source of irrigationwater although farmers still use water
from the canal whenever it is available.
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Crop Scheduling

In run-of-the-river type systems,cropping operations should be well-scheduledso
thatavailable water resourcescouldbeeffectivelyused. Sincewater scarcity comes
attheend of the dry season,earlier crop establishmentwould result inefficient use
of available water supply and wider area planted. Thisaspect could alsobe useful
in reservoir-supported systems, by timing operations requiring large volumes of
water such as land-soaking in months with heavy rainfall to economize on water
releases.

It was observed in UTRIS that in the past years, wide areas suffered from stress
duetolackofwaterduringthelatedry season. Thiscouldbe avoidedbyscheduling
earlier planting than usual. Water supply situationsin this system showed that
harvest of the second crop of rice by late February to mid-Marchwould resultin a
largervolumeofavailablewater tosupply cropneedsandmayevenenableplanting
in a larger area than usual. Analysis of the water supply graph for this system
showed that this is possible.

Involvement of Farmers and Fanners’ Organizations

Plansareusuallydevelopedby NIA for farmers. Themain problemshappenduring
implementation. Though farmersareinformed of the plan, they donot understand
well, the basis of such plans. Thus, many violationsare committed.

The involvementof farmersand farmers’ organizationsas early as the planning
stage may reduce the problems during implementation. In systems with active
Irrigators’ Associations {IAs}, the determinationof the program area is facilitated
through the participation of the IA. Involvementof farmers during planning does
not necessarily mean teaching them to plan for themselves, but to explain to them
the necessity of the plan and the reasons for the actionstaken. Thisensuresfarmers’
commitment to abide by the plan. This also gives a feeling of importance to the
farmers.

Thearea served during the dry season at UTRIS has increased since 1987. Before
1987 ,the area served by the system ranged from only 500to 700 ha. At present, it
is more than 1,000ha. Active participation of the farmersin decision making and
managing the system, growing farmers’ awareness of the systems capabilities,
increasingrice prices, and government support programs to produce more rice
have contributedto thisendeavor. The study conducted in the system has helped
in better management of the system, despite increased cropped areas.

Information Control and Use

Informationshouldbeconsideredimportantformaking decisionspertainingtothe
management and operation of the imgation system. The status of farming
activities, flows or dischargesatcriticalpointsand amountof rainfallare important
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variablesto be monitored. Farming activitiesshould be noted on a weekly basis so
as to provide enough data to base decisionsas to which sectionsof the systemwill
need water. Flows on the critical points in the system should likewise be used for
making decisions and not for recordkeeping only.

A regular meeting between the IA and the NIA field staff during the cropping
season is an effective means of monitoring the operations of the system. The
meeting could provide the feedback mechanism to make the schedulerealisticand
the opportunity to revise the schedule and settle conflicts in water distribution.

SUMMARY

Theproduction of nonricecropsin someirrigationsystemsin the Philippinescould
be apromising alternativeto increasethe productivity of these systems, particularly
during the dry season. Based on the studiesconducted in three systemspracticing
diversified cropping,a number of optionsand strategiesare recommended which
may help improve system performance not only for rice irrigation but for consid-
ering nonricecropsduring the dry season. Implementingthese recommendations
necessarily requires some modification in the existing physical facilities and
managementproceduresof thesystem. Itis thusnecessarytofurtherfield-test these
recommendations for ultimate institutionalization.
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Summary/Highlights of Discussions:
Technical Issues on Main Irrigation System
Management

THE TECHNICALCONS I DERATIONSOr rice-based farming systemsas these relate tomain
irrigation system management were presented and discussed for Bangladesh,
Indonesia and the Philippinesby Drs. Ghani, Suprodjoand Maglinao. Dr. Ghani
discussed the results of studies conducted primarily in the Ganges-Kabodakand
the North Bangladesh Tubewell projects. In Indonesia, Dr-Suprodjo cited the
findings from the West Situbondoand Cikeusik Imgation schemes. The results
from the Upper Taiavera River Irrigation System, San Fabian River Irrigation
System and the Laoag-Vintar River Irrigation System in the Philippines were
presented by Dr. Maglinao.

The presentation and discussion elicited further questions, clarifications, com-
ments and observations from the participants. These are highlighted as follows:

Rice Yields

Dr.Pingali asked why particularly for the secondrice cropin Indonesia, the tail-end
section yields 1ton more than in the upper and middle sections of the irrigation
system. Dr. Suprodjoexplained that the second season is the most favorabletime
for rice cultivationin the tail-end section. During the rainy season (firstrice crop),
there is the problem of drainage while during the third cropping, there is water
shortage. After 1986/1987, rice yields seem to stabilize at an average of 4.7 t/ha.

Policy on Self-sufficiency in Rice

Over the last few years, Indonesia has made a fairly significant move towards
diversifying its export base to include the export of other high-value crops.
However, this does not mean that the country has dropped its policy of self-
sufficiencyin rice. Onthe contrary, Indonesiastill aimsfor rice self-sufficiency but
it also has to consider the possibility of growing other crops in rice fields.

Another policy of the governmentat presentis to plant sugarcanein unirrigated
areas. Sugarcaneoccupiesabout one-third of the total irrigated area especially in
Java. With this move, a potential of at least one-third of the irrigated area could be
increased for rice culture.

08



Water Use Efficiency

Water useefficiency as indicated in the Philippines Report doesnot seemto reflect
theactualdata. Alsorelated to watersharing, it does not seem thatthetail-end areas
have problems possibly because of an increasing water availability over the
duration of the study. Wateruseefficiencywas calculated using averages. Thedata
seem to be misleading, but looking at the Occurrence of water scarcity, it was
observed that it happened very much later in 1987-1988and 1988-1989. In 1989-
1990, ttisproblem occurredasearly as December. Itwasnot really the lack of water
to satisfythe demand but more of the required volumeof canalflow to attainacanal
head to deliver the right amount of water to the fields. Apparently, management
was needed more during the study year than in earlier years.

Diversity of Soil Types

Toaddress the physical diversity particularly of soils within the irrigationsystem,
more checksare needed to raise the head. In hilly areas, more structuresshould be
installed to better control water. In UTRIS, physical characterizationindicated that
only a small portion of the area is marginally suitable for diversified crops. The
farmers themselves generally adjust to the availability of water.

Cost of Pump Operation

The price of diesel in Bangladesh has increased from 6.7 to 14.7 taka per liter and
this may seriously affect rice irrigation. To benefit both the farmers and the
government, managementhas to improvewater use efficiency and decreasewater
losses. This could be partly addressed by a more coordinated effort between the
researchersand the irrigation managers, and through proper data monitoring and
communication.

Adoption of diversified crops which could make use o residual soil moisture,
could alsoaddress the high cost of pump irrigation. However, proper timing has
tobe considered. Cropsplanted have tobe harvested by December to free the land
in time for the next rice crop.

Constraintsto Crop Diversification

From a system management point of view, Dr. Pingali feels that there is no
overriding constraint to shifting from the traditional monoculture rice to diversi-
fied cropping. In response, Dr. Ghani cited Dr. Pingali's statement that fanners
couldadoptanytypeofdiversificationiftheyare ready topayforit. Acaseinpoint
is the diversificationin Thailand where vegetables and other crops are grown. It
dependson how much the farmersare ready to pay and alsoon the expected return
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from the additional expenditure. The cost of the managementinnovation should
likewisebe considered.

For Indonesia, Dr. Suprodje said that it is not really correct that main system
managementdoesnot have tobe changed inresponseto cropdiversification. From
the technical point of view, because the areas of the farmers are small, more
adjustmentsare needed to have more accurate water distribution. Secondly, the
drainage problem should be addressed. With crop diversification, there is also a
need to distributewater more equallyin the field, which needs more control. These
changes in the main system should, however, consider some changes in the
management in the tertiary.

According to Dr. Maglinao, there seemsto be no serious constraintsin existing
systems already practicing crop diversification as these may have been already
addressed. However, the existing practices could still be improved.

Significant Research Findings

A number of significantfindings could be further looked into or tested for further
verification. For Bangladesh, system improvement could be achieved by looking
at reliability of water supply, optimumpumping schedule, suspensionof pumping
operation, drainage water reuse and residual soil moisture utilization. For Indo-
nesia, system characterization and mapping, groundwater utilization, and im-
provement of data-gatheringwere identified as priority areas. The Philippines
emphasized better coordination between farmers and irrigation agency with due
recognition of the support of other agencies concerned with crop production.
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INTRODUCTION

T orrtMuM USE OF irrigation water shouldbe an importantstrategy for increasing
agriculturalproductionin Bangladesh. The overall developmentaf the country's
agriculture sector will require year-round use of the irrigation faciliies for
productive use of water. The country will realize substantial benefits if the
allocation and distributiondf the availablewater are improved. Field studies are
needed toidentify the nature and magnitude of water managementproblemsand
to developmethods of improving water management, which would help achieve
higher crop yields, higher irrigation efficiency and greater water distribution
equity.

Research, conducted by the Bangladesh Rice Research Institute (BRRI) and the
Bangladesh Water Development Board (BWDB)in collaborationwith the Interna-
tional Rice Research Institute (IRRI), was started in November 1981 in two
irrigation projects in Bangladesh-the Ganges-Kobadak (GK) Project (Phasel) and
the North Bangladesh Tubewell Project (BTP). The International Irrigation Man-
agement Institute (ITMI) joined the collaborative project in 1988.

Thispaperhighlightstheresultsof thecollaborativeresearch,withthe following
objectives:

1. Toestablish the status of water utilization and crop production.

2. Toidentifyand analyzestrategiesand methods followed in project opera-
tion and their effect on crop production.

3. Tosuggestimprovement alternatives for increasingwater use efficiency
and crop production.

METHODOLOGY AND MEASUREMENTS

Research Sites

In the G-K Project (Phasel), the field-researchsitesare in the service areas of nine
tertiary canalsbelongingto three secondarycanals-thefourth, ninthand eleventh,
respectively, representing the head, middle and tail reaches of the main canal.
Three tertiaries were selected from each secondary to represent the head, middle
and tail reaches of the secondary. The tertiariesare: T3, T9, T18 of $4K; T3, T¢é, T10
of S9K; and T2, T6, T10 of S11K (Figure 1).
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Inthe North Bangladesh Tubewell Project, field research was conducted mainly
in 12selected tubewellsand their serviceareaswhich were chosen to represent the
wholesystem. These "pilot” tubewellsare: tubewell nos. 63, 77,89,93,117, 118, 119,
120,125,126,138and 142. Afterthe firstphaseofresearchin 1983,apair of tubewells
called "Satellit" was selected adjacent to each pilot tubewell for monitoring water-
and crop-relatedparameters. Thus, 24satellitetubewells (nos.47, 48, 49, 53, 64, 65,
76,88,90,91,92,95,114,121,122, 123, 124, 127, 128, 129, 131, 133, 141 and 347)were
included in the study.

Observation and Measurements

Fifty observation paddies were selected in each tertiary pilot tubewell area to
represent the head, middle and tailreaches. Seasonal data on production status, use
d inputs, and crop varieties were collected and analyzed.

Yields were assessed on the basis of crop-cuts taken in each season from the 50
selected plots of each of the nine tertiary/tubewell areas. A five-square-meter
sample area was harvested from each plot, taking one square meter harvest each
from five differentlocations o the plot. The harvest was threshed and grainyield
measured. Moisture content of the grain was determined by a moisture meter.
Yield was adjusted to 14percent moisture contentand expressed inkg/ha orton/
ha.

RESULTS AND DISCUSSION
The Ganges-Kobadak Project

Water utilization. The average rainfall recorded during land preparation vaned
from 0.5 to 3.8 cm for the Aus and 1.2to 15.2cm for the Aman seasons (Tables 1,
2.3and 4). Theaverageirrigationdeliveryunder research managementwas about
22 and 14 cm, for the Aus and Aman seasons, respectively. Under farmers'
management, this correspondsto 24and 15cm, respectively. During the growing
period (after seedlingestablishmentprior to harvesting), rainfallwas 69and 58cm
in the Aus and Aman seasons, respectively. Irrigation delivery was 68and 69¢m
under research managementand 83and & under farmers' managementin the Aus
and Aman seasons, respectively. Waterapplicationvalueswere higherfor farmers'
managementasfarmersdidnotmaintainfieldleveesproperlywhichfavoredater
loss.

Water use efficiency at field level varied from 36 to 69 percent in the Aus season
and from 55 to 100 percent in the Aman season (Table5). Low efficiency was
observed near the head ends, possibly due to misuse of irrigation water. Water
application values were higher for farmers' management as farmers did not
maintain field areas properly. Average productivity of water during Auswas 2.85
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Table1.  Waterused (mm} by farmers for land preparation and crop growth period in the selected
locations ¢ the Ganges-Kobadak Project (Phase 1) the Aus seasons, 1985-89.
Location 1985 1986 1987 | 198 1989
1R | RF | Tota1] 1R | RF ]Total] 1R | RE JTotat ® | RF [ Total| 1R | RF | Totai
_ Land preparation

T3/S4K _ 330 | 11 | 341|276 25 | 301 | 234§ 13 | 247
TO/S4K 262} 08 | 270|231 30 | 261|327 | 07 | 334|290 00 | 290 273 ] 10 | 283
T3/S9K 236 | 19 | 255|217 25 | 242} 236| 00 | 236
T6/S9K 315| 00 | 315) 2821 23 | 305 {262 00 | 262 198 | 42 | 240 |240]| 0O | 240
T10/S9K 190} 63 253 212| 20 | 232 -
T2S11K 127105 | 232133 | 21 | 154 | 213] oo | 213
T6/SIIK {240 36 | 276 | 234| 46 | 280|184 ) 58 242 - | - -
Mean 272] 15 | 287 | 249| 33 | 282237 37 | 274 221 22 | 243[239] 05 | 244
Location Growing season
T3/S4K 821 | 453 1,274 828 | 961 |1,789] 827| 738 | 1,565
T9/S4K 828 | 496 | 1324 | 835 | 708 | 1,543] 791 | 504 |1,295] 752 [1.110{1,862| 844 | 737 | 1,581
T3/S9K 705 | 604 |1,309 376 1,273 1,649] 605 | 678 |1,283
T6/S9K  |1,096) 509 |1,605] 749 ] 596 | 1,345] 686 | 582 |1,268] 418 1,209/ 1,627] 65 | 640 | 1,292
TI0/S9K 666 | 628 {1,294 606 [114101,547| - | - | -
TXSIIK 630 | 609 |1,239| 552 | 998 | 1,550| 781 | 350 | 1,131
T6/S11K  1,651] 379 |2,306]1,299 603 |1.902] 476 | 802 Jt,27¢ - | - | - | -} - | -
Mean 1,192] 461 |1,653] 961 | 636 |1,579] 682 | 597 11,2801 555 [1,115]1,670] 742 | 629 §1,37]
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Table2.  Water used (mm) for land preparation and crop growth period under recommended
management in the selected locations ¢ the Ganges-Kobadak Project (Phase I), the Aus
seasons, 1985-89.

. oss | uess  \ wesr | ioss ] ios

R | RF Tew | R | RF Towl, IR , RF Tow| R , RF Tol| IR , RF  Total

Land yreparation

T3/84K . -1 - - |28 11 | 259 | 268] 25 | 293 | 223 | 13 | 236
TO/S4K 222|108 | 230|215 30 | 245 | 260 | o7 | 267 | 225 61 | 286 | 248 | 10 | 258
THSIK A -l -] - 1226 15 |25 | 208] 03| 211 | 230 | 00 | 230
T&/S9K 51 oo | 51 |238] 23| 261 |26 | W | 26]202] | 232|229 00 | 229
TIHSIK . -1 - bl 63 |24 i) e | as| - | - .
TUSI LK - -1 - -l 123]os| 2827 2 | 148 - | - .
TESTIK 2074 36 1 263 [207 | a6 | 253 | 167 | 58 | 25 - f203| 00 | 203
Mean 233f 15| 248 |220]| 33 | 253|204 | 38§ 22| D | 26 | 231 [ 227 05 | 232
Location Gn  ing season
T3/54K - - - - T44 | 453 {1,197] 792 | 961 | 1,753 ] 794 | 738 | 1.532
§9/34% 721 | 496 | 1.217| 762 | 708 | 1.470 | 708 | s04 |1.212] 602 |1.110] 1,712 670 | 737 | 1.407
TS9K 677 | 604 |1.281] 387 {1.190| 1,577} 529 | 678 [1.207
T6/S9K 772 | 509 | 1.281] 600 | 596 | 1,196 | 602 | 582 |1,184] 372 | 1,211} 1.583 | 600 | 640 | 1,240
TIWSIK - - - - 624 | 628 1,252 367 |1,142} 1,509 - - -
TUSI K . b - | - fe2ieoe iz sao ) oos brsagl rsnlasedine
T6/S11K 992|379 | 13711906 [ 603 |rsool40doo2 12220 . . -, - -
Mean 828 | 461 | 1.289] 756 | 636 | 1392 | 627 § 507 12241 570 1102, 1612) 671 629 1300
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Table 3. \Water used (mm) by farmers for land preparation and crop growth period in the selected
locations of the Ganges-Kobadak Project (Phase |), the Aman seasons, 1985-89.

1985 1986 1987 1988 1989
Location
IR RF |Total| IR | RF |Total| IR | RF ota‘ IR | RF|Total| IR | RQ |Tota
T3/84K 185| 05 | 19| 00 | 120| 120] 244] 19| 263
T9/54K 236 | 29| 265|203] 21 | 224|167] 00 | 167] 00 112 112 271] 28 | 299
T18/S4K -1 - 00 |133] 133 - | -
T3/89K 2331 20 | 252|198 34| 232] 230| 06 | 236
T&/S9K 117 | 52 | 169 SO | 12¢| 170) 23 |215| 231 210| 37| 247 234} 09 | 243
T10/89K 1491102 | 2511 204} 20| 224 208 15| 223
T2/811K 00 §241| 241|177 56 233|180 25 | 205

T&/SIK 137 | 22 | 159 | 237} 40| 277 00 j242 | 242] 140| 79| 219 199] 12| 21

T10/811K 00 |240 ) 2421 168] 47| 215) 2121 03 | 215
Mean 163 | 34 -19_7 163] 60 ;2—3 95 |13: -2£ 1221 711 193] 22| 15 ;
Location Growing season

T3/54K 8111184 | 995| 857 | 288 |1,145}1.244 302 |1,54
TG/84K 1,013 | 234 |1,247] 538 [1,05%1,59}} - - ~ | 900 ] 600 |1,500f 996 | 345 11,34,
T18/84K 709§ 307 |1,014 902 | 561 |1,463

T3/8%K 633 1670 11,303 686 1629 11,315) 770 | 402 11,17:

T&/SIK 873 }14991,372| 633 |1,0521,685] 503 | 789 1,29 610 | 671 |1,281] 768 | 353 |1,12
TI0/89K 515)694 1,209 675 | 563 |1,238} 748 | 375 |3,12;
TYS1IK 3361710 11,044 737 1 411 11,148] 662 | 493 11,15!
T6/S11K 1,054 | 291 {2,345 7.91 1'.05% 1,843( 3391910 '1.241 6351488 11,123} 777 1 349 11,12

T10/81 1K 265 | 586 | 851 | 7551 350 (1,105} 707 | 408 |1,11:

Mean 1,313 | 341 [1,654| 654 1.0541,706 5141606 (1,104 751 | 507 11,258} 834 1 378 11,21.
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Table 4. Water used (mm) for land preparation and crop growth period under recommended
management in theselected locations of the Ganges-Kobadak Project (Phasel), the Aman
seasons, 1984-89.

1985 1986 1987 1988 1989

Location

IR | RF |Total| IR | RF [Total| IR | RF Total| IR | RF | Total| IR RF | Total
T3S4K 89| 05| 94| 00 | 120| 120|231 19| 250
T9/S4K 213 | 45 258 | 175 21| 196 - - oo| 12| B12|250| 28| 278
T18/S4K - - 00 [ 133 133 - -
T3/89K 206| 20| 226|208 17| 225|224 o0 | 224
T6/59K 187 ] 52| 169| S0 | 120) 170 19| 215| 234|204 | 19| 223|224 09 | 233
T10/59K 138|102 | 240 187 20| 207 | 203| 03| 206
TAS1IK 00| 241] 241 170| 56| 226 | 168 | 25| 193

Te/S11K 195 | 22| 217 | 220| 28| 248| 00 | 243| 243|136 79| 215|182 12| 194

TI0/8 1IK 00 | 240] 240| 168 | 36| 204| 196 | 03| 199| 215
Mean 175 40| 215| 148| 56| 204| 66| 152 217 119 -Gg 185 | 210) 12| 222
Location

T3/84K i 796 | 184 | 980 | 776 | 288 | 1.064]1,02(] 302 | 1.322

T9/S4K 936 | 258 |1,194] 497 1,053‘ 1,550| 688 | 209 | 897 [ 722 | 600 | 1,322} 859 | 345 | 1.204
TI8/84K 612|307 919 | 644 [ 561 1,205 -
T3/S9K 604 | 670 | 1,274 633 | 675 | 1,308 704 | 108 | 1,112
Te/S9K 839 | 499 § 1.33 | 527 |1,065]1,592] 462 | 789 | 1,251 553 | 689 | 1.242] 730 | 362 1,092
TI0/S9K 480 | 694 [ 1.174] 641 | 563 }1,204] 697 | 385 | 1.082
TAUSIIK 304 [ 710 |1,014] 733 | 411 | 1,144 657 | 493 | 1,150
T6/S1IK LO70§ 291 1.36 | 696 I,O3ﬂrl,734 314|910 |1,224] 624 | 488 |1.112]| 771 | 349] 1.120

TIWSIIK 2321666 | 898 | 672 1 418 |1,090| 702 | 408 | 1.110,

Mean 948 | 349 | 129 | 573 |[1,0524 1,625} 499 1 571 |1,070] 666 | 521 | 1,188) 767 | 382 1,149
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Table 5. Average field level water use efficiencyin the Ganges-Kobadak Project (Phase 1), the Aus
and Aman seasons, 1985-1989.
| | Aus season Aman 230N
Water | Walr use Weier Waer | Water ue
applied required | efficiency | applied required | efficiency
| - | _{mm) % (mm) (mm) %
1,632 1.126 69 1,511 1,022 68
1,190 59 1,975 1,082 55
3111 1122 36 1.783 1,783 69
1,726 1,083 63 1,356 1,141 84
1989 1,728 1.037 60 948 1,035 100
Men . 1112 54 1.522 1101 72

and 2.51 kg/ha-mm for research and farmers’ management, respectively. The
corresponding figures for Aman were 3.75and 3.17kg/ha-mm (Tablesé, 7, 8 & 9).

Table 6. Water use, yield and productivity of water under recommended management level in the
selected tertiaries of the Ganges-Kobadak Project (Phase 1), the Aus seasons, 1985-89.
1985 1986 1987 1988 1989
Loca: Water§ .. p:zzt:;— Water | .. p\r::i::t:— Waterf .. :o:::- Water| .. wim Water | p\r::tlz
ton wsed (i:,::: tivity | used (:;:: tivity | used (‘:;fﬂ tvity | used ({:.‘.::: Ftim’t)f_ used m tivity
(mm) (kg/a- | (mm) (kg/a- § (mm) (kg/a- | (mm) (kg/ha-| (mm) (kg/a-
mm) mm) mm}) mm) mm)
Tys4} 1.859] 5.167| 278 . I,SSGf 5010f 3.22| 2.046f 4.640( 2.27| 1.768f 5.220[ 2.95
T9/S4 |.9331 52670 2.72| 15| 3910] 266| 1.479] 3.910 2.64!I.9‘98I 4,160 2,osr 1,665 5,110 301
T3/s9 .| 1.526[ 5.210f 3.41f 1,788 5.050] 282 1437} 4950] 3.44f
T6/S9 1,922#5.057 2.63] 1.459] s.70] 3.82| 1.410] 4,930 3,50r1,515 39200 2.16] 1.469] 4.630{ 3.5
T10/8 2,109 3.697| 1.75 - 1.496{ 3.840] 2.57| 1,727 4.620} 2.68
TSI -] 1.449] s.0s0] 3.49] 1.686] 5.050] 3.00] 1.313] a920| 375
Ters1[2.830[ 4,127 146 1,762 4.890( 3.27| 1.447) 4280 2.
Mean | 2132 4.663]  227] 1.645] 4610) 3.17) 1.466) 4.600] 3.14| 1.843| 4750) 248 1532|4966 | 326
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Table7. Wateruse,yield and productivity of water under recommended management lee! in the
selected tertiaries of the Ganges-Kobadak Project (Phasel), the Aman seasons, 1984-89.

1985 1986 1987 1983 1989
Loca- Water Water Water Water Eﬁmr
. Water oduc-|Water| ... duc-|Water| . . [produc-|Water| .. roduc-{ Water] .. ue
ton used (::hlg] tivity | used (Yleld} tivity | used (::121 livity | used (:’:eld) tivity usnd_(;{;;::) tivity
(mm) (kg/a-| (mm)| “&™ kg a- | (mm) (kgha-} (mm) | “EP N (kgma- | (mm) (kg/ha
mm) mm) mm) mm) mm)
T3/54]1,851{4,953 | 2.68 - - - |1,074] 4,980 4.64 |1.184]5,730| 4.84 |1,572] 5,640 3.59

T9/S4]1,767] 5,403 ] 3.06 |1,746| 5,033 | 2.88 | 897 14,400 4.91 |1,434|4,767| 3.32 |1,482] 4,450\ 3.00
T18/5{1,757|6,823| 3.88 | - - - | 919]6,570] 7.15 |1,338|6,610| 494 | - - -
T3/89| - - - . - - |1,500{ 5,710 3.8 [1,533]4.855! 3.17 [1,336] 5.6400 422
T6/59]1,452] 5,787 § 3.99 {1,762} 6,320 3.59 |1.485] 5,220 3.52 }1,465) 5,340] 3.64 |1,325| 6,010§ 4.54

Tlﬁa’Sl.Z?Ofﬁ,Zl?» 4821 - - - 1.414r6.040 4.27 |1,411|5970| 4.23 }1,288] 5,220 4.05
T2/S81} - - - - - - |1.255]5,440| 4.33 |1,370/ 5,555 4.05 |1,343] 5963] 4.44
T6/51}1,692] 6,287 | 3.72 |1,982( 3,897 | 1.97 [1.467| 5,600 3.82 |1,32715,405| 4.07 |1.314] 6,080] 4.63

T10/516,220{ 4.02 - - - {1,156 14,510] 3.90 {1,29414.900] 3.79 | 1.309]5,260§ 4.02

Mean|1,622| 5,955 3.74 |1,830] 5,090 2.78 |1,289] 5,390 4.18 [1,370] 5,459| 4.00 I.STIi 5,533 4.0¢

Table8.  Water use, yield and productivity of water under farmers’ management leve! in the
selected tertiaries of the Ganges-Kobadak Project (Phase I), the Aus seasons, 1986-89.

1986 I 1987 1988 1989

Loca- Water Water Water Watel
G|V | i (WO | AR 5y [VONME MR oy mp e pmae ) WA |ooan s jpescE

used (kg/ha) tivity { used (kg/ha) tivity | uvsed (kg/ha) tivity | used (kg/ha) tivity

(mm) (kg/ha-| (mm) (kg/ha-| (mm) {(kg/ha-| {(mm) (kg/ha

mm) mm) mm) mm)

TI/S4K| - - - | 1615 4810 298 ' 2,090 | 4270 | 204 | 1.812 | 4920 | 2.72

T9/S4K| 1,804 | 3910 | 2.17 | 1,629 | 3.660 | 225 | 2,152 | 3,610 | 1.68 | 1,864 | 3,380 | 1.81
T3/S9K - - - 1,564 | 4880 | 3.12 | 1,891 | 4920 | 2.60 | 1,519 | 4730 { 3.11
T6/SIK} 1,650 | 5,170 | 3.93 | 1,530 | 4,590 | 3.00 | 1,867 | 3,310 | 1.77 | 1.532 | 4270 | 2.79
T10/59 - - - 1,547 | 3.610 | 2.33 | 1,779 | 4,400 | 2.47 - - -

T2S11 - - - 1471 | 4,040 | 2.75 | 1.704 | 3.450 | 2.02 | 1,344 | 4800 | 3.57

T6/ST1| 2,182 | 4,890 | 224 | 1,520 | 3,710 { 2.44 . - - - - -

Mean | 1,879 | 4,610 | 2.45 | 1,554 | 4,180 | 2.69 | 1,913 | 3,900 | 2.09 | 1,615 | 4,420 | 2.80
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Table 9.  Water use, yield and productivity ¢ water under farmers’ management level in the
selected tertiaries of the Ganges-KobndakProject (Phase I, the Aman seasons, 1986-89.

| 1986 | 1987 1983 1989
faddl Water Water Water Water
tion | WACT [ yigq fProduc-| Water } i, | roduc-| Water | ) fproduc | Water | ;) Jproduc
used (kg/ha) tivity | used (kg/ha! tivity | used kg/ha) tivity | used ke/ha) tivity
(mm) (kg/ha-| (mm) *| kg/ha-| (mm) | (kg/ha | (mm) (kg/ha
mm) mmy) mm} mm)
31'841(j - - 1,185 14,750 | 400 | 1,265 | 5320 | 421 | 1,811 | 5480 | 3.03
9/S4K| 1,815 | 4,333 | 239 - - 1,612 | 4,187 | 260 | 1,640 | 4,190 } 2.55
ra/s4 - . - 1,016 | 6,030 | 590 | 1,596 | 5970 | 3.74 - -
“31S9K - - - 1,552 | 5,000 | 322 | 1,547 | 4,560 | 2.95 | 1,408 | 5,190 | 3.69

"6/S9K] 1,855 | 5,850 | 3.15 | 1,526 | 4,400 | 288 | 1,528 | 5,055 | 3.31 | 1.364 | 5,650 § 4.14
T10/8 - - 1,460 | 5,380 | 3.68 | 1,462 | 5,590 | 3.82 } 1,346 | 4.470| 3.32
r2/s11 - - - 1,287 1 4140 | 3.22 | 1,381 | 5050 | 3.66 | 1.360 | 4.937 | 3.63
F&/S11§ 2,120 | 3,150 | 1.49 | 1,492 | 4980 | 3.34 | 1,342 | 4,820 ] 3.59 | 1.337] 5.720 | 4.28

ro/si - - 1,191 1 4060 § 341 | 1,320 | 4,020 | 3.05 | 1,330 | 4120 | 3.10

Mean | 1,930 | 4,440 | 230 | 1,360 | 4750 | 349 | 1,451 | 4952 | 3.41 | 1,450 | 4970 | 3.47

Water Adequacy

Clearly, farmers are growing rice in both the Ausand Amanseasonswithlesswater
supply thanrequiredformaintainingcontinuousstandmgwaterinthefield.While
all known research indicatesthat continuousshallow ponding is needed to obtain
maximum rice yield, itis not clear yet how much yield reduction is actually taking
place in farmers' fieldswhich is attributable to the water shortage induced by the
rotational method of water distribution. Analysis of some field-level water-status
records indicates that the perched water table fluctuatesbetween a level above sail
surface to about 30 cm below for most of the days in the Aman season. Field water
level, measured in PVC pipes installed at 50 farmer plots in each selected tertiary/
tubewell, dropped below 50-cm depth from thesoilsurfaceduringabout 10 percent
of the Aman crop growth period. In the Aus season, field water table fluctuated
between a level above the soil surface to about 45 cm below it during most of the
season. In certain areas, the water table was found to drop below 80 cm on some
days before irrigation water delivery was made. An in-depth study of the field
water table fluctuations and their relationship to rice yields showed that yield
reduction was not significantdue to fluctuation of the water table (Ghani.1987).
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Fertilizer Use and Rice Yield

Fertilizer (NPK) applied and rice yield obtained at the head, middle and tail reaches
of the Kushtia main canal are presented in Table 10.

Fertilizer use decreased from head- to tail-end areas of the main canal. Rice
yields obtained from head reaches were higher than those from tail reaches.
Differencesin rice yields from head to the tail ends of the main canal were higher
in the Aus season than in the Aman season. Farmersgenerally used more fertilizer
in Aman thenin Aus. Higher fertilizer use in the Aman season may have been due
to adequate and relatively assured water supply from the beginning of the crop
season.However, farmersin the study areas applied relatively higheramounts of
fertilizer N than the recommended rate in the Aman season.

Farmersalong the head tertiariesgenerally applied higher amounts of fertilizer
and obtained higherrice yieldsthan those in thetail-end areas. Thetertiary T9/S4K
(middle)is an exception where the average fertilizer use rate was much lower in
the head section, even though rice yield was higher. Uncertain and scanty water
supply in the Aus seasonat the tail ends of secondary canals may have been the
major reasons for low fertilizer use.

Table 10. Average yield and input used in the selected tertiares of the Ganges-Kobadak Project
(phase I}, the Aus and Aman Seasons, 1982-89.

Yield (kg/a) | Nitrogen (kg/ha) | Phophorus (kg/ha) | Potassium (kg/ha)

Aus I Aman Aus l Aman Aus —l Aman Aus Aman
TYSAK 4299 | 4422 | 8 7% 4 3% 26 20
T/S4K 3721 | 4167 | 118 115 47 31 31
TI8/S4K 2681 | 4390 54 13 17 28 7 18
T359K 4290 | 4592 | 101 106 47 46 30 28
T6/S9K 3324 | 4196 75 105 34 39 2 Px)
T10/59K 3134 | 4614 54 8 27 46 14 28
TUS1K 3059 | 4.4% 59 83 33 48 20 28
T&S11K 2159 | 4.140 44 83 20 11 29

ro/s11K1L,815 | 3.219 18 76 9 40 3 22

Mean 3240 | @250 67 <Y 31 4 18 25
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Fertilizer N Efficiency

Fertilizeruse efficiencyis the outputof any cropper unitof fertilizerapplied under
asetof environmentalconditions. ThoughfertilizersN,Pand K were applied, only
fertilizer N was considered for calculation of its efficiency. Thisisbecause N is the
most important nutrient for rice production and its deficiency occurs almost
everywhere (Yoshida1981). Rice responds better to the application of fertilizer N
than to the applicationof Pand K. Several factorsdetermine fertilizer N efficiency
for rice at the farm level (De Datta 1981). Among them are soil, rice variety, season,
time of planting, water management, weed control, fertilizer source, time of
application, pest control, and cropping sequence. Fertilizer N application under
Recommended Management (R.M.) was fixed at 80 kg/ha but under Farmers*
Management (F.M.) it varied firan farmer to farmer. Mean rice yields in the Aus
season of all tertiaries under RM. and F.M. levels were 5497 and 3,590 kg/ha,
respectively (Table 11). S0,therewasayieldgapof 1,007 5kg/habetween R.M.and
F.M. levels. Farmersat the head and middle tertiaries (T3/54K, T9/54K, T3/59K
and T6/59k) of the 34K and S9K applied relatively higher amounts dof fertilizer N
than those of the other tertiaries. However, average N use at F.M. level was 62.1
kg/ha. Average fertilizer N efficiency was 57.5and 62.2 (kg rice/kg N applied)
under RM. and F.M. levels, respectively during the Aus season. Fertilizer use
efficiencyin the Aus seasonat F.M. level was higher than that at R.M. level. Barber
(1977) and De Datta (1981) reported thatfertilizerefficiencywashighwith the first
increment of fertilizer at a relatively low rate. High fertilizer N efficiency with
relatively low rates of fertilizer N application in tertiaries T18/S4K, T10/S9K, T2/
511K and T6/S11K during the Aus seasonunder Farmers’ Management level was
consistent with literature.

Farmers generally applied a higher rate of fertilizer N in all tertiaries then that
under RM. levelduring Aman. Mean fertilizerN applicationduring Aman under
F.M. levelwas98.0kg/ha asagainst80kg/ha under RM. level. Averagericeyields
during the Aman season were 5462 and 4,927 kg/ha under RM. and F.M. levels,
respectively. Approximately 536 kg/ha of additional rice were produced under
R.M. level over that under F.M. level. Fertilizer N efficiencyunder R.M. and F.M.
levels was 68 and 51, respectively. Mean fertilizer N efficiency under R.M. was
higher then that under F.M. level. The low fertilizer efficiency under FM. level
during the Aman season may be attributed to relatively high rates of fertilizer N
application. Results obtained on fertilizer N efficiency during the Aman season
were alsa consistent with literature (Barber 1977; De Datta 1981).

Water Fertilizer Interaction

Field experimentswere conducted in the G.K. Project area during Aman 1988and
Aus and Aman 1989to determinea suitabletime of fertilizerN and irrigationwater
application. Fertilizer and water management treatments were: fertilizer N
applicationoneday beforeirrigation (T1), fertilizer N applicationaftercompletion
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Table 11. Fertilizer N use, riceyield and efficiency of fertilizer N use under recommended(R.M.)
and farmers’ management (F.M) practices at the selected locations of the Ganges-
Kobadak Project (PhaseI'), the Aus and Aman seasons, 1987-1989.

R.M. | F.M.
Location Yield | N-efficiency| Yield |N.efficiency
Aus season

T3/S4K 80 5.030 62.9 75 4,670 62.3
TO/S4K 80 4,040 50.5 125 4,680 374
T3/89K 80 5,070 634 102 4,840 475
T6/S9K 80 4,530 56.6 67 4,060 60.6
TH)/S9K 80 4,230 52.9 32 2,007 62.7
T2811K 80 5.m 62.5 44 4.130 93.9
T6/S1IK 80 4.280 535 30 2.140 713

Mean 80 4597.1 57.47 62.1 3,589.6 66.9
Location Aman season
T3/54K 80 5,560 69.5 75 5.240 69.9
T9/S4K 80 4630 57.9 134 4,160 31.0
Ti8/84K 80 6,600 825 108 6,030 55.8
T3/59K 80 5,270 65.8 99 4.830 48.8
T6/59K 80 5480 68.5 108 5,040 46.7
TI10/89K 80 5,740 71.7 103 5,150 50.0
T2/511K 80 5,520 69.0 87 4,750 54.6
T&/ST1K 80 5,470 68.4 89 5,080 57.1

T10/S11K80 4.890 61.1 89 4,060 45.6
Mean 80 5,462.2 68.27 98 4,926.67 51.05

of irrigation (T2)and fertilizer N applicationaftercompletion of irrigation followed
by =il incorporation on the following day (T3). Yield responses of MV rice to
fertilizer N applicationat different times of irrigation are presented in Table 12.
Fertilizer N applicationfollowedby soil incorporation(T3)produced the highest
riceyield during the three seasons in both locationsexcepting Swastipur (T3/S4k)
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area, where rice yields were statistically identical at all levels of treatmentduring
the 1989 Aman season only. However, substantial increase in yield was recorded
in all seasons under treatment T3. Additional yield obtained from T3 over the
control (ThHranged from 0.46 to 1.41t/ha. Similarly, treatment T2 produced an
additional yield of 0.21.to 0.90t/ha over the control. Rice yield increasedby 11to
38percent under T3 as compared to the control. On the other hand, treatmentT2
resulted in a 5- 29 percent additional yield over the control.

The low yield o rice obtained from the applicationof fertilizerN one day before
applicationofirrigation water (T1) may be attributed to denitrification loss of Nand
washing out of N with surfacerun-off. On the otherhand, fertilizer N application
followed by soil incorporation (T3) may have minimized such loss of N, and
therefore, yield was higher than that from other treatments. This suggeststhat in
the rotational irrigation system, fertilizer N should be applied at the end of
irrigationand should be incorporated for higher yield. Application of Zn and Sat
therate of 10 and 20 kg /ha with NPK resulted in a higher yield than with NPK only.

bl 12. Yield respones of MV rice to fertilizer N application at different times of irragtion in the
Ganges-Kobaduak Project (Phase 1), the Aus and Aman Seasons, 1988-1989.

| | Swastipur | Shailkupa

Tresments Additional | Percent yield incri?er:)ver Additional | Percent yield fncrz/la(::nover
yield (¢ha) | oover Tl Tl yield (t/na) | ooverTI Tl
| Aman 1988
TI 44c 37¢
T2 5.0b 0.65 14.94 4.5b 0.80 2191
3 5.5a 1.10 25.29 4.8a 119 32.60
Aus |1889
TI 3.4b 39b
T2 43a 0.84 29.32 4.4b 0.42 1065
T3 4.6a 114 3343 5.5a 1.51 38.32
Aman 1989
Tl 4.2 4.9b
T2 4.5 0.21 4.95 5.8a 0.90 18.44
T3 4.1 0.46 10.84 6.3a 141 28.89

Numerical values followedby similar lettersin columnsdo not vary significantly.

T1 =N fertilizerapplication cne day before irrigation.

T2 =N fertilizer application after completion of irrigation.

T3 = N fertilizer application after completion of irrigation followed by soil incorporationon the following
day.
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Table 13. Awverage annualgrain yield (t/ha) for selected cropping pattern in the Ganges-Kobadak

Project {phase 1), Bangladesh, 1982-1988.

Cropping pattern

Total yield under

Total yield under farmers’

recommended management management
Wheat-BR[-BR4’ 11.41(893") 10.06(7.63)
Wheat-BR1-BR11 11.80 (10.34) 10.41 (9.09)
Gram-BR3-BR11 11.77 (10.56) 9.94 (8.8)
Gram-BR1-BR10 11,81 (9.81) 10.44 (8.93)
Lentil-BR1-BR4 10.61 (9.88) 8.14(7.76)
Kheshari-BR1-BR11 11.36(10.15) 10.28(9.23)
Dhaircha-BR3-BR10 10.26(10.26) 8.53(8.53)
Dhaincha-BR3-BR11 11.64 (11.64) 10.17 (10.17)
Sunhemp-BR1-BRT] 11.65 (11.65) 9.25(9.25)
Wheat-BR6-BR16 10.50(9.50) 9.24( 8.14)
Wheat-BR1-BR10 11.25 (10.30) 10.65( 9.40)
Gram-BR1-BR1 | 10.47(9.36) 9.54 ( 8.46)
Cowpea-BRI-BRI | 11.51(9.99) 10.80 (9.56)
Kheshari-BR1-BR10 10.84(9.95) 9.52(8.69)
Kheshari-BRI-BR4 10.85(9.78) 9.74( 8.72)
Kheshari-BR14-BR11 10.21 (9.56) 8.07(7.57)
Average 11.12 (10.10) | 9.63( 8.75)

a Crops grown in the Rabi (winter),Aus and Aman seasons, respectively,i.e., wheat is grown in Rabi,
BR1 in Aus and BR4 in Aman.

b Figures in parenthesesare the rice yields (t/ha) fer the pattern.

Cropping Pattern

Croppingpattern trialswere conducted in the projectarea during the years 1983to
1989 under recommended and farmers’ management of inputs, with a view to
maximizing farmers’ economic return from available land and water resources.
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Some tested cropping patterns, along with yields obtained under recommended
and farmers’managementlevelsare presentedin Table 13. Itcanbe concluded that
two H W rice and a legume or green manure crop may be the best combination for
areaswhere water availability permits two rice crops annually. Suchcombination
produced about 12 tons/ha grain yield in the experimental fields, out of which
about 10 tom were obtained from the Aus and Aman harvests. These patterns
yielded aboutone ton less under farmers’management than under recommended
management. Replicated trials in farmers’ fields of T10/511K produced over 6.0
ton/ha when BR11 was grown after green manuring (Sesbania),which is higher
than the two rice crops grown under inadequate water conditionsin the tail-end
tertiary area prior to1984. Itprovidedanaltemativeforthetai l-endfarmerstogrow
oneassured HYV Amanrice by transplantingat the recommended time in place of
two rice crops under delayed and inadequate water supply conditions.

Therefore, production of a suitable non-rice crop during the Aus season as an
alternativeto rice should be emphasized in the tail-end areas. (BRRI-BWDB-IRRI
1986).

Among all the Rabi crops grown within the G-K Project, kheshari cccupies the
maximum area. In the project area, farmers generally cultivatekheshari as a relay
crop. It was observed that the majority of the farmers (about 80 percent) broad-
casted kheshari seeds between November 15and 30. Some farmers broadcast
pregerminated kheshari seeds if the moisture is not sufficientin the rice field.
Average yield varies from 190to 1,180kg/ha (Table 14) depending upon the il
moisture, weatherand farmers*practices (somefarmersused greenkheshari plants
asfodder).

Wheat was the second most popular Rabi crop in the GK area before 1987-88
because therewas aninitiative to popularize rain-fed wheat within the project area.
Some farmersadopted this cereal cropand usually cultivated in low pockets of the
G-K Project.

In the GK area, yield of wheat was 1,510-2,326 kg/ha under nonimgated
conditions. At the very beginning of the on-farm research in 1981, trials were
conducted with wheat in 1981-82and 1982-83Rabi seasons and averageyields of
about 1987and 1,750 kg/ha under RM and FM levels were obtained (Table 14).
About 13.5percent higher yield of wheat was obtained under RM level which may
be due to the higher amount of fertilizer used in RM plots. Wheat trials were
discontinued after the 1982-83 Rabi season as rice-rice-wheat is not sustainable
(Bhuiyan and Gwnasekera 1988)and after that farmerswere discouragedto grow
wheat in the Rabi season. Yet some farmers within the project area practice wheat
cultivation in some low pocketswhere mostly local Aman rice is cultivated in the
wet season.

Gram is another popular Rabi crop in the GK Project area. The sowing and
harvesting dates are almost similar to those of wheat. Most of the farmers
broadcasted grambetween mid-Novemberthrough mid-December and harvested
by the end of March. Average yield of gram varies considerably fromyear to year
depending on the soil moistureand rainfall. Averageyield of gram over the years
1983-84 through 1989-90was about 1.0t/ha without fertilizer (Table 14).
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Tabl 4. ‘eld (Kg/ ) of populara rabi crops in the selected tertanes of the Ganges-Kobadak
'ofect (Phase 1), Rabi seasons, 1981-82 to 1989-90

— Kheshari Gram Wheat Onion Garlic Lentil
RMaj FM |RM|{ FM |RM | FM | RM | FM | RM | FM [ RM | FM
1981-82| - - - - 2477|2390 - - -
1982-83] - - 1930 | 1510 | 1497 | 1110 - - 280 | 180
1983-84] 1320 | 1180 | 1280 | 1020 | - - - - -
1987-88] 990 | 760 | 450 | 400 - - | 8210 8280 - -
1988-89] 650 | 500 {2030 (1820 - - | 6450 6340| 1830 - -
1989-901 200 | 190 | 600 | 560 | - - | 7676 | 6986 - -
Mean | 790 . 658 | 1258 1082 | 1987 | 1750 | 7445 | 7205| 1830 | - 280 | 180
Ferti- { N 80 30 45 33 20
lizer usey P 60 | 34 | 44 | 46 60
(kgha)| K 0 [ 192 [ 40
* RM = Recommended Management. FM = Farmers’ Management.

Onion is the second most popular non-rice crop grown in the project area.
Popularity of onion increased after the 1986-87 Rabi season, when demonstration
with onion started under RM level in different locations of the project (Table 15).
Onionisvery sensitiveto moisture stress and also to excess moisture levels. Under
irrigated conditions, yield of onion may go up to 20 t/ha with proper fertilizer
management (Mondal 1988). In comparison to that, yield of onion is much lower
in the study area. It was observed that yield of onion varied from 6.3to 8.3t/ha.
Fertilizerapplicationlevelwasverylowand only about 50-60 percent of thefarmers
used fertilizerin growing onion, which may be the major cause for the lower yield.
Itisalsoindicated that the majority of the farmersused “"cowdung" (about 10t/ha)
in their onion field.

About 1to 3percent of the farmers in the G-K area grew pea, oil seeds and lentil
during the Rabi season (Table 15).

North Bangladesh Tubewell Project

Improvements in the useof HY'V rice. As in the casedf irrigation water use, emphasis
was given by the project management and research group from the 1982 Aman
seasonto increasethe use of high-yielding rice varietiesby farmers. The following
specificactivitiesunderscored the effortin this direction: (a)identificationof target
fallow farms and those planted to Aus rice which are on time for HYV rice in the
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Table 15. Adoption of different rabi crops in tke Ganges-Kobadak Project (Phase I, tke Rabi
seasons. 1983-84 to 1989-90.

Adoption of crops (percent)

Year
theshari | Wheat Gram Onion Pea Lenti! | Oil seeds| Total
1983-84 73 38 0.7 8.4 - - 1.6 218
1984-85 27.8 11.1 5.3 8.2 0.9 - 0.7 54.0
1985-86 | 229 11.1 1.1 8.7 31 - - 57.1
1986-87 9.1 13.6 19.8 8.4 42 1.1 - 56.2
1987-88 18.7 53 7.3 15.3 2:2 1.8 - 50.6
1988-89 | 210 33 16.0 6.9 4.7 - 24 54.3
1989-90 13.0 123 38 15.8 23 0.8 2.0 50.0
Mean 17. 8.6 9.1 10.2 29 1.2 1.7 41.9

succeedingseason, (b} information drive to familiarizefarmers with recommended
high-yielding varieties which are suitable for transplanting in the early, middle or
late Aman season; and (c)better supervisiond irrigationfacilitiesand greaterfield
inspection by the irrigation project staff to solve technical irrigation problems and
thereby creating confidence in the farmers” minds about the reliability of water
supply.

In the 1988 Aman season, the use of HYV increased to 74 percent of total rice area
in the pilot tubewells compared to 36 percent for the 1982 Aman season. However,
the HYV rice hectarage grew by more then 70 percent during the one-year period
in 1982-83. Duringthe benchmark period, only about 15percent of all rice planted
used HYV, whereas in the subsequent Aman seasons, in addition to high increase
inareagrownto H W rice, thepercentage of HYV toall rice grownincreased highly
and consistently (Table 16).

Cropping pattern trials during the years 1984, 1987, 1988, and 1989 indicate
prospects of diversified crops in the project area (Table 17). Crop diversification
should be an important strategy for effective utilization of tubewells.

In the project, wheat coverage during 1983-84 was 68 percent and gradually
decreased in the following years (Table 18). In the North Bangladesh Tubewell
Projectdeep tubewellsarehighly underutilizedin the Rabiseason. Inwasobserved
from a study that only 0.16 ha /lit/sec were irrigated in the Rabi season asagainst
the potential of 0.65 ha/lit/sec for rice. The potential for non-rice crops might be
higher than the above figure. The soil is sandy loam and with high potential for
growing non-rice crops. The lower wheat coverage may be due to the high price
o seed and fertilizerand the late harvest of Aman. The low market price of wheat
as compared to that of rice also affected wheat coverage. Moreover, the project
authority allowed farmers to grow rice instead of wheat which was not allowed
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Table 16. Irrigated area and MV coverage in the selected pilot tubewells of the North Bangaladesh
Tubewell Project, Thakurgaon, Aman seasons, 1982-89.

tmiga- Irigated wea (ha) MV coverage (ha)
DTW ble — —_— -
N '. wes

(ha) 1982 § 1983 | 10Y | 1985 | 1986 § 1987 | G988 | (989 | 1982 | 1983 | 19k L9ES | 1987 | 198t 1989

63 L 120 | 555 59.5 59.5 58.7 | 6.7 59.5 355 15.0 n4 393 k.5 411 | 453 344

77 49 108 A6 | 490 738 4“5 451 | 478 49 4.3 179 | 68 38.5 15.2 144 271

89 49 129 460 490 46 46.2 46.6 436 189 04 352 40.1 41.7 393 kL] 11.9

91 4 wo | 144 | 626 117 | 729 | 481 16.7 | 482 241 | 413 | 500 | 14 | 412 425 4

17 61 8.7 fl15 | 607 62.8 587 | 607 618 59.9 194 111 | 442 335 144 1 04 283

1ns 46 8¢ 478 | 46.2 $5.7 | 445 46.2 M.oq 46.2 142 15.6 | 411 | 425 16| 16 1.1

119 n 161 | & o o 52.6 56.7 | 619 56.7 IZE 111 | 211 243 | 348 111 | 111

120 61 164 | 648 60.7 6LR 387 60.7 66.4 o6 174 191 ) 4.f 466 145 | 405 121

125 55 506 514 55.5 55.1 588 555 9.1 607 &1 170 | 304 s 16.8 | 445 425

126 48 413 46.6 | 478 74 06 | 478 46.6 187 | 251 | 391 | 453 453 296 | 405 443

133 30 48.6 50.2 50.5 413 411 500 | 434 R4 243 196 | 4.1 543 50 321 48.1

142 49 1606 | 482 628 | #8.6 | 461 | 490 733 60.7 101 | 31 18 ELY ) 363 408 547

a/ Tubewell was not operated due to sand and gravel pumping problem.

during the previous years. Therefore, fanners preferred to grow rice which is the
main staple and the return from rice is higher than that fron wheat. In can be
observed from the Table that potato and mustard are gaining popularity. There is
no technical problem in terms of irrigation water availability and drainage in this
area for crop diversification.

Yieldand input use. The levels of fertilizer use in the Rabi, Aus and Aman seasons
were lower than the recommended rate (Table 19). Farmers used a lower rate of
NPK fertilizersin the NBTP area than in the G-K areaand obtained lower rice yields
though water was not a limiting factor in the tubewell area.
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Table 17. Awverage annual grain yield (¢ha) for the selected cropping pattern in the North
Bangladesh Tubewsel! Project, Thakurgaon.

Year D,\:[(;w Cropping paltern Yield (tha}

E 63 Soaalika-Sunhemp-BR11 3.03(5.28) T.40(4.70)
Sonalika-Millet-BR 11 8.08(5.28) 7.40(4.70}
Balaka-Mungbean-BRIO 8.43(5.28) 7.79(4.79)
Pavon-Dhaincha-BR4 7.38(5.00) 65.27(3.171
118 Sonalika-Sunhemp-BR11 8.35.60) 8.33(5.43)
Sonalika-Millet-BRI 1 9.30(5.60) 9.43(5.43)
Balaka-Mungbea.n-éRlO 8.07(5.80) 7.08(4.12)
Pavon-Dhaincha-BR4 7.78(5.38) 6.45(4.45)
126 Sonalika-Sunhemp-BR 1 | 9.18(5.78) 8.78578)
Balaka-Mungbean-BR10 8.00(5.00) BO1(4.81)
Pavon-Dhaincha-BR4 3.02(5.02) T.04(4.64)
1987 126 Sonalika-Purbachi-BR11 12.21(10.33) 11.09(9.21)
1988 89 Kanchan-Millet-BR11 8.34(5.52} 1.71(4.39)
118 Kanchan-Sesame-BRI0 7.33(4.89) 5.30(3.96)
Fallow-Purbachi-local rice 7.95(7.95) 7.40¢(7.40)
120 Sonalika-Sesame-BR11 6.64(4.59) 5.20(3.19)

126 Fallow-purbachi-BRI 1 11.44(1 | .44) 1(1.89(10.89)
Kanchan-Millet-Pajam 8.44(3.67) 7.24(3.67)
142 Fallow-Purbachi-BRI1 9.90(3.90) 3.33(8.83)
1989 89 Kanchan-Millet-BR11 10.02(6.91} 8.46(5.15)
118 Kanchan-Sesame-BRI1 6.63(4.64) 6.3%(4.40)
126 Mustard-Fallow-BRI | 6.61(6.04) 5.66(5.09)

Note: Sonalika, Balaka, Pavon and Kanchan are wheat varieties.
BR stands for rice variety.
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Table 18. Adoption d different Rabi crops in the North Bangladesh Tubewel! Project, the Rabi
season 1982-83 t0 1989-90.

Adoption of crops (percent)
Year Total
Wheat Mustard Potato
1982-83 38.3 - 38.3
1983-84 . 68.3 - - 68.3
1984-85 433 - 43.3
1985-86 333 - 333
1986-87 372 - 31.2
1987-88 | 23.0 - 23.0
1988-89 217 22 23.9
1989-90 292 0.8 3.8 33.8
Mean 36.8 1.5 3.8 40.6
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Table 19. Average yield and input use in the North Bangaladesh Tubewell Project, Thakurgaon,
1983 - 1989.

Year Rabi season Aus season Aman season

— | — — — —

[Wheat yield] Nitrog |[Phosphc | 'otast | Ria itrofit | ospho{ Potash | Rice |Nitroge | wsphe | otash
(kg/a) | (kgma) | mus gha | (kg/ha) | gha) | rus | (kgha)| (kgha) | (kg/ha) rus 2/ha
(kgha | | gha) kg/ha)

1983 | 2,380 | 66 64 | 40 |3539| 52 | 46 | 35 [3,973] 45 43 29

1984 | 1,860 | 44 55 31 | 1,785 31 | 24 16 |1.655| 36 39 24

1985| 1,276 | 43 24 17 |3,100| 45 | 49 25 12,109 | 32 35 30

1986 | 2,496 | 49 48 28 |3608| 44 | 36 23 [2,012] 33 33 24
1987 | 1,662 | 47 44 28 | 4,203| 51 51 31 |3,146| 38 37 23
1988 | 1,394 | 60 50 30 13932 79 | 51 32 |2309| 43 42 26
1989 | 2,124 | 62 51 30 | 3663 75 | 48 27 12,319 37 31 18

Mean| 1,884 | 53 48 29 |3404| 53 | 43 27 12,503} 37 37 | 24

— — — — ——

SUGGESTED STRATEGIES FOR IMPROVED WATER
MANAGEMENT

Ganges-Kobadak Project

Adjustment inriceproduction schedules. In theexistingcondition, the Ausand Aman
rice is transplanted mostly in the second half of April/May and August/ Septem-
ber, respectively. Transplantingadf Aus rice should be completed in March which
will allow for better use of available rain in June-Julyand for use of HYVs both in
the Aus and Aman seasons, leading to more irrigationcoverageand higher annual
rice production.

Soil moisture utilization. Means to produce profitable legume crops using the

residual moistureafter the harvest of Aman rice should be acceleratedto utilizethe
period between the end of Aman and the beginning of Aus in the project area.

North Bangladesh Tubewell Project

1. Water delivery schedule. Farmerspreferawaterdeliveryschedule which will
allocateand distribute water to different areas or blocks of the servicearea
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in a fixed or predetermined schedule. Blockwise rotational schedule of
water delivery will improve the water distribution system.

Cropping plan. The diversified cropping plan should be adopted for
maximizinguseof land and water resources. Thecroppingscheduleshould
be adjusted so that Aman cultivationcan take advantage of the maximum
rainfall period.

Communication. Communication between the BWDB staff and the water
users (farmers)should be strengthened which will help in improving the
water delivery schedule in the project.

Socioeconomicfactors. Timely input and credit supportand assuranceof fair
price for theproductswi I lencouragefarmerstoadoptdiversifiedcropping.
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INTRODUCTION

AsmMOST countrieswhich haveattained self-sufficiencyinrice, Indonesiais paying
increasinglymoreattentiontodiversificationinassociationwithricein theirrigated
areas. Thisapproach isto provide fannerswith better croppingoptionsand greater
opportunities to generate higher farm income. However, the success of this
endeavor would largely depend on various hydrologic,agronomic, economicand
socio-institutional factorsor constraintsthat would influence awide-scale diversi-
fication program.

Wateris acritical inputincrop production. Inthe dry season,whenwatersupply
in the irrigation system declines, the availability of water for crop production
becomes a crucial factor for cropping as well as for crop choice. Farmers usually
achieveaop intensificationdiversificationand income by growing nonrice crops
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such as legumes (particularlysoybean and mungbean) or maize or in some small
regions, chili or onion which may be grown after the harvest of one ortworice crops.

The relationships between irrigation-water-related factors such as availability,
reliability anddistribution,andfarmers’croppingand cropchoicesshouldbebetter
understood by plannersand implemmtorsof agriculturaldevelopmentprograms.
Thiis paper focuses on the selected water and crop-related issues to better under-
stand the on-farm level water management for rice-based cropping.

METHODOLOGY
The Study Area

Different component studies were conducted at the Cikeusik (also called
Manuengteung) Imgation System located at Cirebon, West Java. The system has
acommandaread about7,511 ha and has 114tertiaryblocks. Theaverageannual
rainfall in the area is about 1,600mm (1984-1988average).

Rice is the principal crop grown, particularly in areas with sufficient water
supply. Some areas even have three rice crops a year. However, in areas where
imgation water supply is scarce, nonrice crops such as onion, chili, stringbean,
mungbean, corn and others are mostly grown during the dry season. Rice is the
dominantcrop during the wet season which startsin December and ends in April.
The first dry season (DSI) is from May to Julyand the second (DSII} from August
to October.

Data Collection and Analysis

Todeterminewater relationstodry-seasoncropchoice andprofitability,12tertiary
blocks were selected within the irrigation system, 4 each at the head, middle, and
tail sections of the system (Figure 1) (Wardana et al. 1990). Seventy nine sample
farms were randomly selected from these tertiary service areas. Informationon
canal water availability, groundwater use, crop choices, relevant agronomic prac-
tices, yield, farm receiptsand expenditures,and farmerbackgroundwere obtained
from the sample farmersthrough farmsurveys. For certainwater-related informa-
tion, the ulu-ulu (watertender)was interviewed. Tertiary level water discharge
data were collected daily.

Theeffectsonthegrowthand yield of maizeandmungbeanof farmer-acceptable
tillage practicesand of realistic irrigation regimes defined in relation to soil-water
holding capacity and ongoing crop-water usage were determined at three
toposequence elevations (representingthe irrigation system’s head, middle, and
tail regions, and drainagehydrologies), two crop sequences, maize-mungbeanand
mungbean-maizegrown from May to October 1989 comprising Dry Seasons | and
I (Juliardi et al. 1990). Mungbean cultivar No. 129and maize hybrid cultivar C-1
were used in the study.
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Figure 1. Map showing the location of the 12 sample tertiary blocks, Cikeusik Irrigation System,
Cirebont, West Java, Indonesia.
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Three tillage systems, zero tillage (To), strip tillage (Ts),and maximum tillage
(Tm}werecompared. Forboth maize and mungbean, seeds weresownby hand into
manually dibbled holes at a spacing of 40 x 50 cm and 40 x 10cm for maize and
mungbean, respectively. Maize was fertilized with 120:90:60 kg /ha N:P:K applied
in portions at 7, 30 and 45 days after seeding (DAS).

For mungbean, 45:45:45 kg /ha N::K was divided between applicationat 7 and
21DAS, the firstincombinationwith Furadan (17 kg/ha) tocombat soil-bomeinsects.
Hand weeding was made every 10-14days from seedlingemergence to flowering,
and insecticidal sprays were applied every 7-10 days during 10-40 DAS.

Three irrigation regimes were investigated at each elevation and for each crop
sequence. Theleast-irrigatedplots (I-S)received a single irrigation of 20 mm the day
before seeding. An intermediate level of irrigation{(I-80) comprised a 20-mm pre-
seeding watering, together with reirrigation to field capacity within the root zone
whenever its water content was depleted of 80 percent of its available water. The
most-irrigated treatment (1-40) involved a 20-mm pre-seeding watering together
with reirrigationto field capacity whenever 40 percent of available water had been
used.

Regular measurements were made for all plots (and for each crop elevation).
Rainfall, depth to groundwater table, soil water content and bulk density and soil
strength throughout the crop rooting zone, seedling emergence percentage and
time of emergence, plant height and rooting depth and density, yields of grain and
total dry matter, and components of grain yield were regularly measured.

At the Kuningan Experimental Farm in West Java, the effect of population
density on the irrigation use efficiency of mungbean in addition to tillage and
imgation was also studied (Abasetal. 1990).

RESULTS

Water Availability, Crop Choice and Cropped Area

About 41 percent of middle- and 79 percent of tail-section farmers considered the
supplies of water insufficient (Table 1). More than 50 percent of the head section
farmerswere of the same opinion. Inequity problems resulted from the inappro-
priate system of water rotationand the "water-grab™ mentality of upstream farmers
who have more access to the limited canal supplies.

Figures 2a to 2¢ show the declining tertiary canal supplies with the advance of
the 1988dry season in the head, middle and tail tertiaries. The firstand second 15-
day average discharge values for each month illustrate the canal supply behavior
asthe seasonsprogressed. Thedecreasingwatersuppliesinthe tertiary canalsfrom
April to September are evident.

The head section had greater discharge per unit area than the lower sections.
Most farmerswould plant palawija cropsin May if they aresupplied with adequate
water to establishthe crops. Tosupplement the low discharge during the middle
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Table1.  Factors contributing to water shortage and inequity problems, Cikensik Irrigation
System, Cirebon, West Java, Indonesia, 1988 DS *

Item Head Middle Tail All farms
No. of samples 26 79
Irrigationwater supply insufficient (percent) 58 59
Rotation is not appropriate (percent) 19 27
"Water-grab" mentality of upstream 35 30
farmers (Percent)

» Some farmers gave more than orte answer.

and later part of the season, some farmersused dugweils. It should be noted that
larger areas I three tertiary blocks of the section were planted to sugarcane (Table
2). Itcouldbethat the head section was scheduled tobe planted with the mandatory
sugarcane crop during that year.

Table2.  Extent of rice and nonrice crops grown in Cikeusik Imgation System, Cirebon, West
Jaw, Indonesia, 1988 DS | and DS 1.

DS 1 DSt
Tertiary
Areca (ha) Rice P.wija S.cane Fallow P. wija S. cane Fallow

Head

MTRSL 43 8 20 9 6 10 g 16

MTRTL 71 0 29 22 20 6 22 43

FTSIR 100 12 27 56 5 5 61 34

MB2L 81 0 34 4 0 3 44 34
Middle

LS2L b 0 8 27 0 5 27 3

PB3R 124 0 45 54 25 20 54 50

PBSL 72 0 30 29 13 24 29 19

SR3L 76 35 2 39 0 0 39 37
Tail

PBBR 63 11 30 0 22 30 0 33

AT3R 100 70 30 0 0 30 0 70

PGI1R 239 0 17 0 222 7 0 232

BLIL 82 6 12 0 &4 0 0 82
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Figure 2. Discharge (Q) per unit area for 4 tertiaries of the head section (a), middle section ¢b), and
tail section (c), Cikeusik Irrigation System, Cirebon, West Java, Indonesia, 1988 DS |
and DS II.
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For the middle farms, only tertiary block LSZLhad a discharge greater than the
rice crop waterrequirement (Figure 2b}, Like thehead section, italsohad largeareas
planted to sugarcane. In one tertiaryblock, SR31., about SOpercent of the area was
planted torice in DS | despite a relatively low canal discharge. In this tertiary, the
farmers used groundwater during the season to supplement the canal water
supply. Theother tertiaryblocks planted all or most of their areas to nonrice crops
sincethe canal discharge was not enough to meet the rice crop water requirement
in DS |. Althoughtertiary LSZL_had a higher discharge rate for most of the May to
September period, no rice was grown, with over 75 percent of the area grown to
sugarcane. Therest of the area was grown to palawija crops. Like tertiary MTRSL
of the head section, thistertiary had a relatively higher discharge ratebecause of its
smaller area.

The canal discharge in the tail section was lower than in the upstream section
(Figure2c). Yet two of the sample tertiary blocks (PBERand AT3R) planted rice in
DS |I. Tertiaryblock AT3R planted 70 percent of its area to rice with supplemental
water pumped from the drainage canal serving several upstream tertiaries. Fur-
thermore, over 90 percent of the area of tertiary PG1R had no crop (fallow)ineither
both DSI orDSII. Thisisbecause sincethesecondweek of June, the canal discharge,
which was very low from the beginning of DS |, started to decline and reached
virtually zero flow towards the end of DS I. Moreover, this section received no
water in DS 1II.

Comparingtertiary MTR5L in the head sectionand LSZL in the middle section,
which are the only two tertiaries with a discharge high enough to grow rice in DS
1, it was observed that sugarcane and palawija were the dominant crops grown.
Tertiary LSZL_area had no rice at all. Clearly, farmers’crop choice was influenced
not by water availability alone. In general, farmersin the head reaches, who have
more access to adequate canal water supplies, can exercise their crop choice
considering the other important factors such as economic returns and income
stability. For middle and tail-end farmers, alternative sources of water had to be
tapped to have this flexibility.

Groundwater Use

Tosupplementcanal water during the dry months, some farmers utilized ground-
water and some others pumped water from drainage canals. Dugwells were
common in the head-end area while tubewells of about 10-30 m depth were
common in the middle and tail areas. Shallower tubewellsin the tail areas would
yield salty water from the sea.

More than 50 percent of the head and middle sectionfarmers used groundwater
in DSII(Table 3). Becauseofsaltproblems;tai I farmersusedlessgroundwater .The
farmers utilized groundwater mostly to supplementcanal supply, as pointed out
by 100percent of the groundwater usersinthe head and middle sectionsin DSland
75 percent of the ground water users at the tailarea. During DS1I, groundwater had
been used to meet the full cropwater requirement. Thisreflectsthe greater scarcity
of canal suppliesin DS1I relative to DS 1.
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Table 3. Groundwater use by section and by season, Cikeusik Irrigation System,Cirebon, West
Jaw,Indonesia, 1988 DS [ and II.

ftem Head n=26 | diddle n=2¢ | Tail n=24 | Al Tams
n=79
Perecent of farmers using
groundwater (%)
DS1 23 3 17 14
DSl 58 52 4 38
Purpose of groundwater use:
a. To supplement canal
supply (%)
DSI 100 100 75 92
DS11 20 27 0 16
b. For full crop water
requirement (%)
DS 1 0 0 25 8
DSn 80 13 100 84
Percent of farmers owning
the well (%)
DS | 100 100 25 75
DS 93 60 0 51
Cost of graunwater use
USS$ /ha per season
DS1 69 45 53 56
DS 51 58 100 69

US$1.00 = Rp.1,800. Only variable costs are included

The majority of the groundwaterusersin DS | and DSII in the head area owned
the wells. Groundwaterusers in the tail section, on the other hand, paid rents for
the use of wells in DS 11. The average cost of groundwater use ranged from US$45
to US$69 per hectare per season in DS I, and from US$51 to US$100 per hectare in
DSII.
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Table 4 shows significantlyhigher mean yield per hectare of onion (10.74 /ha)
in DS H for the groundwater users. Thus, even if they incurred higher cost of
production, it could be compensated for by the significantly higher returns above
paid-out costsand gross margin per hectare than the nonusers. In fact, the average
nonuser incurred a net loss of about US$100 per hectare.

The use of groundwater to alleviate canal water shortages and increase the
cropping intensity and farm income should be highly encouraged. However,
studies to establish the availability of groundwater in space and over time should
be conducted.

Table4. Comparative costs of and returns from onion, groundwater USers versus nonusers,
Cikeusik Irrigation System, Cirebon, West Java, Indonesia, 1988 DS 11,

Item Users Nonusers Difference
No. of samples i5 24
Mean yield (t/ha) 10.74 6.02 4.T2rnx
Total value of production (US$/ha} 2,129 1,020 1,109%**
Costs of production {US$/ha)
Seeds 499 404 95
Fertilizer 144 90 54"
Insecticide 220 113 107*%*
Labor
Hired 375 283 92*
Family 207 141 66*
Other costs 107 a 16
Total paid-out costs of production (US$/ha) 1,345 981 364%+
Total variable costs of production{US$/ha) 1,552 1.122 43(pke*
Returns above paid-out costs {UJS$$/ha) 784 39 745% %
Gross margin (US$/ha) 577 (102) 679%*

UM1.00= Rp.1,800.
mre 2 0 significantat 1 percent, 5 percent and 10 percent, respectively.
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FertilizerUse

The level of N fertilizer use in DS was high, with an average of 212 and 209 kg/
ha for the sample farms for rice and onion, respectively (Table5). However, it was
observedthatthefarmersattheheadsectionused less N-fertilizer for rice thanthose
in the other two sections. In contrast, the head-end farmers used more N and P
fertilizersfor onion, i.e., 224 and 94 kg /ha, respectively.

Table 5.  Fertilizer use by crop and by section of the Cikeusik Irrigation System, Cirebon, West
Java, Indonesia, 1988 DS 1.

Crop/fertilizer Head Middle Tail All farms
Rice
No. of samples 5 | 6 | 12
N (kg/ha) 157 245 295 212
P (kg/ha) 27 39 95 39
K (kg/ha) 20 45 71 37
Onion
No. of samples 18 19 23 60
N (kg/ha) 224 212 195 209
P (kg/ha) 94 85 57 77
K (kg/ha) 93 120 48 o
Chili
No. of samples . 1 0 0 1
N (kg/ha) 347 - - 341
P (kg/ha) 57 - - 57
K (kg/ha) 66 - - 66

In DS 11,the head farmersused ahigher level of N fertilizer (246kg /ha) foronion
(Table6). On the other hand, an average farmer in the middle section used more
P and K fertilizersfor onion, i.e., 87and 117kg/ha, respectively. The highest level
of K fertilizerwas for chili in the middle farms. It must be mentioned that tobenefit
from high doses of fertilizer,appropriate crop and water management practices
and good timing of applicationmust be adopted.
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Table 6.  Fertilizer use by crop and by section, Cikeusik Irrigation System, Cirebon, West jaua,
Indonesia, 1988 DS 1.

Crov/fertilizer Head Middle Tail All farms
Onion
No. of samples 12 16 11 39
N (kg/ha) 246 194 36 65
P (_kp‘ha) 63 87 36 65
K (kg/ha) 85 117 2 82
Chili
No. of samples 13 2 1 16
N (kg/ha) 183 201 360 19
P (kg/ha) 65 57 108 63
K (kg/ha) 44 129 28 54

Profitabilityand Land Tenure

Table 7 shows the costs and returns per hectare of onion by land tenure in DS |.
Although the mean yield per hectareofonionwassimilar forbothowner-operators
and leaseholders,the value of productionaf the leaseholderswas higherby Us$126
per hectare. This can be attributed to the variations in the prices received by the
farmers. Leaseholders, however, incurred higher production costs, mostly land
rents, as well as total variable costswhich resulted in a net loss of about US$39 per
hectare.

A similar trend was also observed for rice farmers. Leaseholdersspent more in
seed and fertilizerthan the owner-operators (Table8). Despitethe higherinputuse
of the leaseholders, however, their mean rice yield was about 0.9 t/ha lower.

Profitability and Area Location

In DS I, the mean yield per hectare of rice did not vary much between the head and
middlefarms(Table9). However, ina farminthetail section, where only one farmer
planted rice, the yield was very low (2.43t/ha). Thus, the total value of production
perhectare forthissectionwasalsovery low, only about 40 percentofwhat the head
and middle farms obtained.
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Table 7. Comparative costs and returns ¢ onion by land tenure, Cikeusik Irrigation System,
Cirebon, West lava, Indonesia, 1988 DS J

Item mwher-Operatol | Leaseholder Difference
No. of samples 29 31

Mean yield (t/ha) 9.61 9.33 0.28
Mean price of onion (US$/kg) 0.16 0.17 0.01)
Total value of production (US$/ha) 1.525 1.651 (126)

Costs of production (US$/ha)

Seeds 421 374 47
Fettilizer 121 112 9
Insecticide 207 15 51

Labor
Hired 495 461 34
Family 231 333 (102)
Other costs 5 254 (249)
Total paid-out costs of production (US$/ha) 1,249 1.357 (108)
Total variable costs of production (US$/ha) 1.480 1.690 210y
Returns above paid-out costs (US$/ha) 216 294 (18)
Gross margin (US$/ha) 45 (39) (39)

US$ 1.00 = Rp. 1,800
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Table8. Comparative costs and returns of rice by land tenure, Cikeusik Irrigation System,
Cirebon, West Java, Indonesia, 1988 DS I.

Item Owner-operator Leaseholder Difference
No. of samples 6 6
Mean yield (t/ha) 4.65 3.78 0.87
Total value of production (US$/ha) 595 475 120
Costs of production (US$/ha}
Seeds 10 17 7))
Fertilizer 42 131 {89)
Insecticide 16 2 (5)
Labor
Hired 147 264 (1
Family 34 112 78
Other costs 3 230 @
Total paid-out costs of production (US$/ha) 218 663 (445)
Total variable costs of production (US$/ha) 252 775 (523)
Returns above paid-out costs (US$/ha) 377 (188) {565)
Grass margin (US$/ha) 343 (300) 643

US$1.00 = Rp.1,800
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Table 9.  Cost and returns d rice by section, Cikeusik Irrigation System Cirebon, West Java,
Indonesia, 1988 DS (Gadu) 1.

ftem Head Middle Tail ulfarm
No. of samples 5 6 | 12
Mean yield (v/ha) 44 4.36 243 3.73
Total value of production{US$/ha) 550 574 229 535
Costs of production {US$/ha)
Seeds 14 14 16 14
Fertilizer 44 46 16 73
Insecticide 18 19 18 18
Labor
Hired 151 244 129 206
Family 116 46 16 13
Other costs 122 95 265 166
Total paid-out costs of production (US$/ha} 339 495 628 440
Total variable costs of production {US$/ha) 455 541 644 513
Returns above paid-out costs { US$/ha) 211 19 (399) 95
Gross margin (US$/ha) 95 33 (41%5) 22

58100 = Rp.1,800

The head farmers spent less for fertilizer (since they applied less fertilizer),
insecticides and hired labor, but utilized more family labor as manifested by the
higher average imputed cost. Still, the head farmersincurred lower total paid-out
and total variable costs per hectare compared to farmers in the other sections. As
expected,the head farmersproduced higher returns above paid-out costsand gross
margin, US$211 and US$95 per hectare. In contrast, farmers in the tail section
incurred a net loss of about US$415 per hectare for rice.

For onion, the middle farmershad aslightly higher yield than the head farmers,
10.5and 9.7t/ha, respectively (Table10). However, the price of onion received by
the farmers in all sections (US$0.16 per kg on the average),was much lower than
the normal price range of US$0.28 - US$0.55/kg. Since the total paid-out and
totalvariable costs did not vary much among the secrions, the deficit (net loss) in
gross margin for both head and tail farmerscan be attributed to low output prices.
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Table 10. Costsand returns of onion by section, Cikeusik frrigation System, Cirebon, \West Java,
Indonesia, 1988 DS 1.

Item Head Middle Tail \1 farm!
26 2 2 ™
No. of samples 9.7 105 8.4 95
Mean yield (t/ha) 0.16 0.17 0.16 0.16
Total value of production (US$/ha) 1616 1822 1332 1590
Costs of production (US$/ha}
Seeds 494 21 Ko 39%
Fertilizer 137 13 9 116
Insecticide 177 231 143 181
Labor
Hired 556 468 423 411
Family 150 16 168 K78
Other costs 150 16 168 134
Total paid-out costs of production {US$/hay 1514 1330 1121 1304
Total variable costs of E:)Iroduction (US$/ha} 1928 1545 1360 1588
Returns above paid-out costs (US$/ha) 162 496 21 286
Gross margin {US$/ha) (252) 211 28) 2

US$1.00 = Rp.1,800.

With regard to other cropsgrown in DS I1, chili gave greater returns per hectare
in the different sections (Table 11). Despite a lower yield for the tail section, chili
stillgave a higher total value of productionthan in the middle farms, which could
be due to price variations between sections. Similarly, the tail section produced the
highest gross margin from chili, US$1,688 per hectare while the middle farms had
an average of UiS$912 per hectare.

Mungbean'gave positive returnsin all sectionsin DSII. Thereturnsabout paid-
out costs ranged from US$95 to 1US$149 per hectare in the head and tail sections,
respectively, while the gross margin ranged from US$30 to US$96 per hectare.
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Table 17.  Costsand returns d chili, corn and mungbean by section, Cikeusion Imgation System,
Cirebon, West Java, Indonesia, 1988, 25 II.

Item Head | Middle | Tail ul farms
Chill

No. of samples 13 2 I 16
Mean yield (tha) 8.87 6.52 4.00 8.27
Total value of production (US$/ha) 2,564 1,507 2,222 2411
Total paid-out costs (US$/ha) 738 505 531 696
Total variable costs (US$/ha) 849 534 595 924
Returns above paid-out costs {(US$/ha) 1.826 1,002 1691 1715
Gross margin (US$/ha) 1,640 912 1,688 1,562
Corn

No. of samples 1 5 i 7
Mean yield (t/ha) 25 29 3.6 2.9
Total value of production (LJS3/ha) mn 130 159 131
Total paid-out costs {US$/ha} 53 232 13 192
Total variable costs (US$/ha) 54 374 387 330
Returns above paid-out costs (US$/ha) 58 (102) 28 (61}
Gross margin {US$/ha) 57 (244) (228) (199)
Mungbean

No. of samples 3 3 2 8
Mean yield (t/ha) 0.52 0.71 0.73 0.64
Total value of production (UJS$/ha) 225 306 303 275
Total paid-out costs (US$/ha) 130 190 154 159
Total variable costs (LiS$/ha) 136 276 207 206
Returns above paid-out costs (LJ§$/ha) 95 116 149 116
Gross margin ()S$/ha) 89 30 96 69

5$1.00 = Rp.1,800.
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Profitability and Land Size

In DS |, the mean rice yields per hectare of the four land size categorieswere very
similar, about4t/ha (Table 12). However, Category I, which has the smallest farms,
incurred the highest total paid-out cost of 1J5$433 and total variable cost of US$502
per hectare. Thisresulted in a net loss of about US$11 per hectare. Incontrast, the
other three categories obtained a higher gross margin per hectare, ranging from
US$181 to US$227 on the average.

Table 12. Costs and returns of riceand a w n by land size, Cikeusik Irrigation System, Cirebon,
West Jaza, Indonesia, 1988 DS |.

Land sire
ftem
| I1 Hi v
Rice
No. of samples 4 3 4 I
Mean yield (t/ha} 4,09 | 410 | 450 | 4.00
Total value of production {(US$/ha) 491 643 522 444
Total paid-out costs (LUS$/ha) 433 354 302 86
Total variable costs (US%/ha) 502 416 328 263
Returns above paid-out costs (US$/ha) 58 289 220 358
Gross margin (US$/ha) (11) 227 194 181
Gross margin (US$/ha) (11) 227 194 181
Onion

No. of samples 12 16 14 18
Mean yield (t/ha) 119 9.6 9.0 8.1
Total value of production (US$/ha) 2.029 | 1,740 | 1,235 | 1,441
Total paid-out costs (US$/ha) 1617 | 1,408 | 1,160 | 1,120
Total variable costs (US$/ha) 2222 | 1634 | 1,507 | 1,191
Returns above paid-out costs (LUS$/ha) 412 332 75 321
Gross margin (US$/ha) (193) | 106 (272) | 250

For onion, the lowest yield was in Category IV or those fanners larger than 0.74
ha. However, its value of production was higher than that of Category III lands,
which could be attributed to output variations among farms. The returns above
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paid-out costs ranged from US$75 to US$412 per hectare. Categories | and III had
net losseswhich could have been avoided if farmerswere able to sell their harvest
at normal prices during the season.

Tillage, Irrigation and Crop Yields

INn1989, plant height of both maizeandmungbean wasaffectedmoreby seasonand
elevation than by tillage or irrigation. At the head elevation, the plant height of
maize reached about 2.7 m in DS | but only 20 m in DS II. On the other hand,
mungbean plants inDS | were 0.49 mhigh and 0.53min DSII. At the tail elevation,
maizewas 2.3m high in DS | while mungbean was 0.40 m.

Rootingdepth ofbothcropsand inbothelevations wasdeterminedprimarilyby
the depth to the water table. In DS, atboth head and tail elevations, the rooting
depth of maize reached 35 cm and mungbean; 20 cm. In DS II, maize at the head
elevationalso reached 35 cm (but more quickly than in DS | because of the deeper
water table). Similarly, mungbean at both elevations benefited from deeper water
table to roots down to 29 cm depth.

Root mass density in the tilled zone (0-10 cm) responded slightly to tillage
(especially intensive tillage), but more for maize than for mungbean, and more in
DSIIthanin DSI. Rootmasswithinthewholerootingzonerespondedoirrigation,
at both elevations for both crops. These responses were consistent with the
observed patterns of soil strength.

Grainyieldsformaizeandmungbeanasaffectedy tillage are presented in Table
13. Averaged over crops, season, and elevation, the benefit from maximum tillage
(Tm)was higherthanfromstrip tillage(Ts) and even much higherin the wetter than
in the drier season. Maximum tillage gave slightly more benefit to the shallower-
rooting mungbean than to the deeper-rootingmaize.

Maize gave a lower yield /million plants with tillage (average of Ts and Tm)
compared tonotillage (To). However, for the shallower-rootingmungbean, yield/
plant with tillage was higher than without tillage.

Maize and mungbean responded to both 1-80 and 1-40 irrigation treatments
(Table14). For maize, the incremental efficiency indicates that incremental water
could be used effectively as the total water uptake of 201 mm was substantially
below the potentialseasoncrop waterrequirementof about 300 mm. Formungbean,
however, total water use of 134 mm comprised a larger portion of the potential
requirement of about 170 mm, and the incremental efficiency of irrigation was
lower.

For both mungbean and maize, total water use was similar for 1-80 and 1-40
indicatingthat lessirrigated plants have been able to take up additional soil matric
water. Similarly, the least irrigated plants (I-S) made effective use of the postrice
residual soil moistureand the pre-seeding 20 mm irrigationto produce almost 1t/
ha of mungbean grain and more than 4 t/ha of maize. For mungbean, tillage
increased the effectivenessof using the postrice residual moisture.
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Table 13. Effect o tillage ongrain yield df mungbean and maize in various seasonsand at various
elevations at the Cikeusik Irrigation System, Cirebon, West Java, Indonesia.

Tillage Head Middle Tail
1988w 198971 | 19801 J1989/m ] 1989/ | 198871 | 1989/1 | 1989/
Mungbean
No. of reps included
s | s [ s | s | 3 5 5 | 3
Grain yield (t/ha)
None 095 | 119 | - - | o9 | 073 - 0.95
Strip - | o098 | - - 1.06 | 0.85 - 1.01
Maximum 0.89 1.21 - - 1.09 0.96 - 0.98
Std error 005 | 004 - . 006 | 0.04 - 0.05
Maize
No. of reps included
s [ s | a | s | 4 5 s | 4
Grain yield (Vha)
None - 503 | 515 | 542 | 542 . 430 | 441
Strip - | 493 | 506 | 519 | 526 - 438 | 433
Maximum - 510 | 5.13 457 | 479 - 5.07 5.32
Std. error - ] 015 | 014 | 048 | 048 - 0.16 | 0.16

Notes: W = wetseason.
LI = DSLDSIL

Experiments in 1988 DS | (head and tail), 1988 WS and 1989 DS 11 at tail elevation were
destroyed by rats and viruses.

Std.= Standard

The economic value of the incremental yield gain from irrigation could corre-
spond to irrigation deliveries of 10mm every 5daysduring 0-20 DASand 20 mm
every 7daysthereafter to 34DAS. Thiswould increasemungbeangrainvalue from
US$75 to US$100 and maize grain value from US$60 to US$90.

Elevations and Crop Sequences

Averaged over all tillage treatments, yields of mungbean and maize were higher at
the head than at the tail elevation (Table 13). The lower yje|dsatthetailmaybedue
to the generally shallower water tables, higher plant population density for
mungbean and partly to highest pest pressures.

Averaged over all tillage and irrigation treatments, grain yield of maize was
higher in DS11 than in DS 1, while mungbean yield was higher in DS 1 than in DSII.
Thus, the mungbean-maize sequence had higher productivity than the maize-m
ungbean sequence.
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Table 14. Effect o irrigation on grain yield and grain yield per plant for mungbean and maize in
1989 DS 1II at the head elevation in Cikeusik Irrigation System, Cirebon, West Java,

Indonesia.
Irrigation | Total water | Grain yield | Yield per | Yield per | Yield per
total (mm) | use (mm) {tha) mm total |plant{tMp)| plant per
Irrigation {kg/ha/mm) water mm total
(kg/Mp/mm) water
(kg/Mp/mm)
Is 20 |16 0.95 8.2 2.68 23
1-80 45 128 1.03 8.0 2.50 20
1-40 58 134 1.15 8.6 3.12 23
Std. error 2 10 0.07 1.1 0.21 3
IS 20 153 4.20 275 52 340
1-80 65 201 5.65 28.1 64 320
1-40 78 200 5.61 28.1 66 330
Std. error 3 15 0.22 1.8 3 20
Note: Std. = Standard

Mp = Million plants.
Growth of Mungbean at Kuningan Experimental Farm

Differencesbetweencropgrowth at the two elevationswereapparentbothin terms
of plant height and grain yield. Maximum plant height at 7 weeks after seeding
(WAS) averaged 47 cm at the upper elevation and 35 cm at the lower. The
differencesare substantial and began to developat 5WAS. Mungbean grainyield
was also higher at the upper elevation.

At eitherelevation,plants were highest on the most irrigated plots (I-40). At the
upper location, plants were marginally higher with tillage than without tillage.
Plant height was similar for all tillage treatments at the lower elevation.

The effect of irrigation was confounded by the variability of drainage of the
experimental fields. After normalizing the grain yields relative to the yield of the
least-irrigated treatment and averaged over both elevations for all three tillage/
plant population treatments, yield progressively increased as irrigation total
increased to 120mm. Thisamount of irrigationcorrespondsto reirrigation at the
1-40 criterion. Higher irrigation resulted in yield decline probably because of
rainfall occurrence, wetting recently irrigated soil and reducing the aeration to a
level too low for effective root metabolicactivity. At either elevation, highestyield
would be achieved with no tillage, the 35X 10 cm spacing and reirrigationwhen
about 40 percent of the plant available water had been used.
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CONCLUSIONS AND RECOMMENDATIONS

Duringthe dry season, beginning from DS1 tothe end of DS1I, canal water supplies
of the irrigation system consistently declined (Wardanaet al. 1990). In almost all
canal areas, these dischargeswere too small to meet rice crop water requirements.
This problem was more pronounced in the tail sectionthan in the head section of
the system.

Farmers are able to better exercise their options for crop choice, if canal water
suppliesare adequate for various crops, or if they have alternative sourcesof water
supply such as groundwater. The benefit from using groundwater mostly came
fromhigheryieldsduetoalleviation of water stressand the higher levels of material
and labor inputs used.

With respect to the actual choice of crops, farmers have to consider other
important factorssuch as higher and more stable net returns. With its more stable
price, rice is often preferred. Onion and chili farmers usually suffered the
consequencesof unstable price. The price fluctuationproblemshould be appropri-
ately addressed by the concerned agencies. Appropriate marketing infrastructure,
postharvest facilities and market information systems should be introduced to
establish price stability of crops, particularly certain palawija crops such as onion
and chili.

Further research should be conducted to establish the role of water availability,
price stability and profitability in farmers’ decision-makingprocess in irrigated
crop production systems.

Irrigation is done to rewet soil to field capacity whenever the 40 percent of the
availablewater in the root zone is used which gives worthwhile returns of 28 kg
grain/ha/mm water for maize and 8 kg /ha/mm for mungbean (Juliardi et al. 1990
and Abas et al. 1990). This corresponds to irrigation application (during rainless
periods on soils of 50-60 percent clay) of 10 mm every 45 days during 0-20 DAS,
and 20 mm every 6-7 days thereafter. Analyses of irrigation responses in terms of
yield per plant per mm water indicated that technologiesthat establish and sustain
high plant population densities {0.10 Mp/ha for maize and 0.50 Mp/ha for
mungbean [Mp=millionplants])arealsolikely topromoteefficientuseof irrigation
water. Irrigation also givesbenefitby maintainingsoilstrength below thelimitthat
constrains root and plant growth.

Persistence of groundwater as shallow as 30 cm constrained rooting and crop
productivity in DS | at all elevations,and in DSII at the tail elevation. Because of
shallow water table, productivity of both maize and mungbean was about 10
percent higher at the head than at the tail elevation, and about 5 percent higher in
DS I than in DS 1I.

Postrice soil matric water (particularly if supported by a single pre-seeding
irrigation ) without further irrigationhad potential to support 1t/ha of mungbean
grain or 4 t/ha of maize. These yields are worthwhile for smallholder farmers.

The availability of postrice soil matric water might be manipulated to the
advantage of the palawija crops by appropriate scheduling of the rice-phase
irrigation. For shallow rootingmungbean, yield of a residual moisture crop canbe
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increased by 33 percent by shallow tillage. And this tillage, and the subsequent
seeding (for maize or mungbean), can be economically and effectively accom-
plished if the preceding rice is sown or transplanted in rows alternately spaced at
7 and 28 cm. The 28-cm spacing affords easy postrice access for operators and
implements. Tillagealso gives useful increases in mungbean emergence and helps
ensure plant population densities sufficientlyhigh that full benefit can be derived
from irrigation.
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INTRODUCTION

IrrIGATION SYSTEMSIN the Philippines and many other Asian countries have been
developed essentially for rice-rice cropping systems. The scarcity of water supply
in the dry season (DS) has, however, consistentlycaused low cropping intensities
(average 126percent) in most Philippine national irrigation systems (Rosegrantet
al. 1987). The areas at the tail-end sect‘~ns of most irrigation systems are
predominantly deprived of DS cropsbecause of scarcity in water supply. Further-
more, the riceland productivity under the rice-rice cropping is showing signs of
either decline or stagnation. However, about 50-75 percent of irrigated ricelands
in Asiaarephysicallysuited forgrowingnonricecrops{Ko 1987). In the Philippines,
about 20 percent of the total irrigable areas of the National Imgation Systemsare
suitable for diversified cropping (Vergel 1987).

In recent years, there hasbeen increasing concern on how the low levels o land
utilization, cropping intensity, income from rice production and irrigation system
performance could be improved, and how the favorable soil conditions could be
fully utilized for sustaining productivity. Among the alternative approaches
considered by irrigation authorities and planners are crop diversification, system
rehabilitation,augmentationofthe scarcewatersupply, efficient use ofresidualsoil
moisture after rice for growing nonrice crops, and improved water control and
management. However, information on the requirements for farm-level water
controland management, water augmentationand the use of residual soilmoisture
after rice for growing nonrice crops in the DS in typical irrigation systemsis still
inadequate.

This paper describesunder four major issues the studies undertaken under the
IIMI-IRRI project to evaluatealternative approaches for improving the productiv-
ity of land and scarce water supply and thus increase and sustainfanner's income
in irrigated rice systems.

COMPONENT ON FARM-LEVEL WATER MANAGEMENT
STUDIES

Compatibility and Adequacy of the Farm-Level Water Control
Facilities in a Rice Irrigation System for Nonrice Crops

The existing irrigation infrastructuresin rice irrigation systemshas been reported
asamajorconstrainttocrop diversification (Miranda and Panabokke 1987). For this
reason, some authc s have indicated the need for rehabilitating or upgrading the
irrigation hardware to introduce the flexibility needed to allow large-scale crop
diversificationwith..: the system. But this requires a knowledge of how the canal
network should be designed or modified to enablebetter control of the systemand
how the water should be managed and applied (Bhuiyan 1989).
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Durirg the 1988to 1990D0S a study was undertaken to determine the needs for
farm-levelwater controland management that would allow flexibility for farmers
to exercise DS cropping optionsbetween rice and nonrice crops in areas served by
typical irrigation systems.

The study was conducted in the Upper TalaveraRiverIrrigation System (UTRIS)
in Nueva Ecija during the 1988and 1989 DS and in the San Fabian River Irrigation
System (SFRIS) in Pangasinan during the 1990 DS to further evaluate the findings
from UTRIS and its practical applicability for other nonrice crops not found in
UTRIS (Figure ). The selected systemshave differentsoil classes, distinctwet and
dry rainfall patterns and have diversified cropping.

During the DS, when water supply is generally low, only 20-25 percentand about
60 percent of the potential imgable areas of UTRIS and SFRIS, respectively, are
grown to rice and nonrice crops. The major DS crops are rice and onion in UTRIS,
and rice and tobacco in SFRIS. Soil in the top 45-cm depth in each system is clay
loam.

SiX turnout service areas (TSAs) were selected in UTRIS, and 5 TSAs were
selected within SFRIS (Figure 0). Field data, collected at turnout and farm levels,
included irrigation water flows, farm-level water control facilities, irrigation
schedule, water allocation and distribution methods, soil water status, water
conservation practices, crops and water use. The study revealed that additional
water control facilities were constructed and maintained by the farmers on both
individual farms and the TSA of both irrigation systems to support diversified
cropping in the DS.

Farm-level facilities. Additional on-farm infrastructureswere constructedby farm-
ers during the DS, but theintensityvar iedbetweenthetwosystemswhichgrewtwo
differentnonricecrops. In UTRIS, the farmersdivided and reshaped their original
rice plotswhich are larger than 500m? into two or more subplotsto grow onion. In
contrast, the SFRIS farmers (n=20), who grew tobacco after rice, maintained the
original size and shape of the rice plots.

The average size of the onion plots in UTRIS ranged from 676 to 1,018 m?, with
an average of 850m? (Table 7). However, only about 80 percent of the plot area is
effectively used for growing onion and the remainder is used as buffer and for the
construction of multipurpose ditches along the perimeter of each plot or subplot.
These multipurpose ditches are used (i)w intercept seepage from adjacentrice or
onion plots, and (ii) to facilitate irrigation water application and the removal of
excess water. In SFRIS, the entire plot area (average=880nT) is generally utilized
for growing tobacco. The difference in the farm-level facilities used in onion and
tobacco plots could be attributed to the sensitivity of onion to waterlogging,
particularly during the bulb formation period when surface water must not
submerge the neck of the bulb or dumping off may occur.



Figure |. General layout ofthe Upper TalaveraRiver Irrigation System { UTRIS) in Nueva Ecija, the San Fabian Irrigation System (SFRIS} in Pangasinan
showing the relative location of the study sites.
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Table1. Average plot size (m?), net area planted to rice and upland (onion or tobacco) crops, and
percent area used for on-farm water control in selected farms in UTRIS, Nueva Ecijaand
SFRIS, Pangasinan, 1988, 1989, and 1990 DS.

U IS SFRIS
Particulars Rice Mulched | Jnmulched | Jnmulched
onion onion tobacco
2

Plot area, m 1006 1018 676 879

Net cropped area

‘m? 1006 834 549 879

. percent 100 82 81 100
Percent area used for water control I 0 18 19 -0

TSA-level facilities.  Additional and temporary farm ditches and supplementary
farm ditchesare used by the farmersin conveying water from the supply (main or
lateral) canal and the main farm ditch to their farmsin the DS. The average farm
ditch density (FDD)used during the WS for rice within UTRIS is about 70 m/ha
(Table2). Inthe DS, the average FDD inirrigating nonrice crops is 225 m/ha which
isabout 3.7 times more than the FDD in the WS, InSFRIS, only about 30 percent more
farm ditchesare used during the DS trenduring the WS when only rice is grown.
The increase in FDD in the DS in both irrigation systems is caused by the
construction of temporary farm ditches, which are removed together with the
multipurpose ditches, during the WS and the area released is planted to rice. In
general, only the main farm ditch is maintained during the WS toirrigate rice. The
land area used for the construction of temporary farm ditches is 315 m*/ha in
UTRIS, but only 60 m?/ha in SERIS. The differencebetweenthe onionand tobacco
plots is due to the different water application methods used for these crops.

It can thus be inferred that the main farm ditch and the essential water control
structures such as turnouts with gates, division boxes and check drops (where
necessary)which are maintained for WS rice are compatibleand could adequately
support the basic requirements of diversified cropping in the DS. Additional
supplementary farm ditchesrequired only for areas with topographic limitations
must also be constructed. Farm ditches and other water control facilitiesneeded
forgrowingnonricecropswill vary, depending on the crop choice and these canbe
adequately handled by the farmers.
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Table2.  Average potential irrigable area and density of farm-level facilities d selected TSAin
UTRIS, Nueva Ecifa, and SFRIS, Pangasinan, the Philippines, the WS rice and DS
nonrice cropping.

Particulars UTRIS SFRIS
Potential irrigable area, ha 48 9
Farm ditch density, m/ha

- WS 70 124

- DS 255 159

. Ratio, DS:WS 3.7 13
Area used for the conslruction of temporary farm ditches, th 316 60

Water Management Practices to Provide Flexibility of Fanners’
Crop Choice, andto Improve the Water Use Efficiency and Land
Productivity.

Potential nonrice cropsare not readily accepted during the DSbecause of deficien-
cies in managing imgation systems (Miranda and Panabokke 1987). Water
deliveriesas required by intermittent water application fornonricecropsarerarely
precise or reliable, particularly during the DS. Hence, to promote crop diversifica-
tion, appropriate techniques of farm-levelwater management must be developed
to promote reliable water deliveries.

Data were evaluated to ascertain the current water management practices and
developamodel of improved water scheduling and distribution within the turnout
servicearead animgation canalwhichwould promote higher water use efficiency
and provide farmers the flexibility of crop choice in the DS,

Water delivery and distribution. Water deliveries to the different TSAs varied
between and within the two irrigation systems. In UTRIS, daily water deliveries
were made to the different TSAs from January to April during the 1989DS at an
average flow of 2.81ps/ha for about 6 days a week (Table3). In SFRIS, the average
water deliveries to the different TSAswas 3.7 Ips/ha for an average duration of 5
days/week. From February to April 1990,when water supply was low, high water
flows (average 6.91ps/ha) were delivered at least one day a week for a duration of
4-19 hours during the farmers' irrigation schedule.
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Table3. Awverage flow rates and duration of water deliveries to the different TSAs from January
to April, UTRIS ,Nueva Ecija and SFRIS , Pangasinan, Philippines, 1989 and 1990 DS..

Particulars utris | seris
Average potential irrigable area, ha 36.0 9.3

Average flow rates

. Ips 101.0 343

. Ips/ha 28 3.7
Duration of seasonal water deliveries

. no. of weeks 17.0 16.0

.no. of days/week 6.4 49

In UTRIS, water was issued in rotational sequence among farmers from the
upstream to the downstream areas of the main farmditch. In SFRIS, the farmers
within a TSA were generally divided into two groups and each group was given a
schedule to imgate every week. If a farmer failed to irrigate his farm during the
scheduled day(s), he was allowed to imgate the following day. The rotational
schedulewas more systematicallyand rigorously practiced in SFRISthan inUTRIS.

Waterapplicationand conservation. ”Flushflooding”was practicedby both the onion
and the tobaccofarmers. The onionfarmersin UTRISapplied irrigationwater plot-
by-plot in alternate sequence using the temporary farm ditch constructed for the
purpose. In contrast, tobacco farmersin SFRIS applied water plot-to-plot. Farmers
from both systems reported that they could manage excess water problems, if
created.

Mulching with about 10-15cm thick rice straw is the most common method of
conserving water for onion. Itwas especially practiced by farmersin areaswhere
water supply was scarce. Farmers’ reasons for mulching onion plots are (i) to
conserve water and thus allow a longer interval between irrigations, (if)to control
weed growth, and (iii) to produce shiny bulbs and create higher market value.
Tobacco farmersin SFRIS, and onion farmers of UTRIS whose farmswere near the
source of irrigation, did not use mulch.

Water use, application and delivery efficiency. Farmsinwhich mulching was practiced
used about 50 percent less water than those where it wasnot practiced (Table4). The
amount of water used for rice was about 877 mm which isalmost the same as that
used for unmulched onion. Tobacco crops in SFRIS used an average of about 700
mm of water.

The average water application efficiency, defined as the ratio of the net water
applied to the plot to the total water delivered to the plot, was 89 percent for the
onion plots of UTRIS in 1988 and 1989 DS. (Net water applied is the difference
between the amounts of water applied to and drained from the plot). Theaverage
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highestattained water storage efficiency, defined as theratioof theamountofwater

stored in the soil after irrigation to the net water applied to the plot was about 54
percent. Mulchedplots, however, had aslightlyhigherwater applicationefficiency
(average 90 percent) than the unmulchedplots(88 percent}{Table4). In SFRISwhere
tobacco plots were not drained, the water application efficiency was close to 100

percent.

The effectiveness of the water delivery mechanism within the different TSAs was
evaluatedin terms of the irrigation delivery efficiency (IDE)defined as the ratio of
the total irrigation water delivered to the plots to the total water diverted from the
turnout.

Table4. Average water use d rice, onion and tobacco, UTRIS, Nueva Ecija and SFRIS,
Pangasinan. 1988, 1989. 1990 DS.

UTRIS SFRIS
Particulars Rice J"g::::)cnhed LZ':llizl:fd U?;‘):Lccl;“
Total water applied, mm 175 855 433 610
Total water drained, mm 103 48 0
Net water applied, mm 775 752 385 610
Effective rainfall, mm 102 83 56 82
Total water use, mm 877 834 442 692
Interval of irrigation, days 7 B 16 15
Rate of water application, Ips 10 17 16 31
No. of irrigations 12 9 4 6
':r;’slrlggfl gﬁpr;h per water 62 9% 101 102
Zpplcaion minits 06 | s % 4
Water application efficiency (%) 77 88 20 100
Seasonal irrigation period, days 78 63 71

The average irrigation delivery efficiency (IDE)at UTRIS was about 30 percent
whereas at SFRIS it was about 70 percent (Table5). The low IDE in UTRIScould be
attributedto thecontinuouswater deliveriesmade to the farmditchesin most head-
end sites compared to the rotational deliveriesin SFRIS.
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Table5.  Average seasonal water delivered, water divertedand irrigation delivery efficiency at the
TSAlevel, UITRIS, Nueva Ecija and SFRIS, Pangasinan, Philippines, 1989 and 1990

DS.
Particulars UTRIS SFRIS
Average water delivered, mm 497 610
Average water diverted. mm 1323 863
Irrigation delivery efficiency (%} K] 70

The regression model K significantat 1-percentlevel and it explained about 90
percent of the variations in plot area irrigated (Table 6). This model was then
integrated into a water scheduling and distribution model (WASDMOD)which
was developed to estimatethe water diversionrequirementat the turnout, the area
that can be imgated per day, and irrigation delivery efficiency for upland crops,
with a continuous or rotational water delivery within the main system. Rainfall
during the DS was considered negligible.

The input variables for WASDMOD are selected soil parameters (field capacity,
wilting point, bulk density, depth of root zone), TSA size, rate and duration of
irrigationwater applicationper plot, pan evaporation,duration of irrigationwater
deliveryto the TSA, allowable soil water depletion, methods of water delivery, soil
water conservation methods, seasonal irrigation period, and water application,
storage and conveyance efficiencies.
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Table 6.  Estimated coefficientsd thefunction' relating area d plot irrigated (Ar) to water flow
(Qu), duration d irrigation (Du), irrigation interval (f), and dummy variable for
mulched onien and unmulcked onion and tobaccoplots (Dm), UTRIS, Nueva Ecija and
SFRIS, Pangasinan, 1988,1989 and 1990DS.

Variables Pooled regression Standard
Constant -180

Qu (ps) 28.3%%2 0.9
Du (min) 5.0%* 0.2
Ii (days) -2.9"" 0.8
Dm +3.4% 238
R-squared 0.9

F-ratio 407.4""

No. of observations 194.0

Ap = {Qu, Du, li, Dm}; Dm =1 for mulched;o for unmulched
?  Coefficientswith two asterisks () are significantat 0.01 level

WASDMOD was evaluated by substituting the average values of the above-
mentioned parameters to one TSA (area=53ha) at the head-end section of UTRIS.
Theresultsareshown in Table 7. Toincreasethe irrigationdeliveryefficiencyfrom
its low value of 29 percent to at least 75 percent, the followingalternative options
are givenby the model

1. Acontinuousor24-hourwaterdelivery to the turnout at 164 1ps for 3.5 days
aweek. Thisoptioncouldbeadoptedifwateral locationinthemainsystem
is by section-wiserotation.

2. Water delivery of 155Ipsfor 10hours per day. Thiscould be employed for
acontinuous supply situationin the main system. The water saved by this
method could be delivered to the downstream section of the system for
night storage and/or use by other farmers.

3. Acontinuous water delivery of 65 lps each day. Althoughthisoptioncould
increase the irrigation delivery efficiency, the low flow rate may not be

practical and acceptable to the farmers because it will not be sufficient for
their requirements.



161

Table 7. Current practice and corresponding alternative options o water delivery to the TSAto
increase frrigation delivery efficiency for diversified crops.

Current Alternative Options
Parameters
0 1 2 3
Duration of water delivery
(hours) 24.0 24.0 10.0 24.0
(days/wezek) 7 3.5 7 7
Water delivery rate (Ips) 169 164 155 65
Turnout area, ha 58 53 53 53
Seasonal water delivered, m 6834 684 684 684
Seasonal water diverted, m 2366 912 922 912
Irrigation delivery efficiency, percent 29.0 75.0 75.0 75.0
Irrigation interval, days 9 9 9 9
Area irrigated per day, ha 16 15 6 6
Remarks ontinuous | .otational | »*hour ontinuous
ater deli- | rater deli- | 1ily water | rater deli-
'ry at ery at livery at | ery at low
gh flow igh flow gh flow ow rate
tes ite for e
5 days

Note:  The average values used in the WASDMOD are as follows:

FC=23.75percent, PWP = 9.66 percent, Drz = 30.00 e, BD = 1.46 gm/cc
Epan = 6,80 mm/day, Qu = 17.2Ips, Turnout area = 53.3ha, Du = 55.20 minutes
Es = 50.0 percent, Ea = RR2percent and Ec = 75.0percent for unmulched plots.

Option (1)is superior to the others; it can irrigate almost the same area of 15ha,
as currently imgated by the farmers, but with a 2.5-fold increase in irrigation
delivery efficiency.

The foregoing results showed that:

The water application efficiency in each system is generally high (about 90
percent and above). However, the irrigation delivery efficiency is lower in UTRIS
(38percent) than in SFRIS (70 percent),because of the continuousdeliveryto farm
ditches in most upstream sitesin the former. In contrast, SFRISdeliverieswere on
intermittent schedules dictated by the rotational supply of water in the main
system.
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Based on the WASDMOD evaluation, the low irrigation delivery efficiency in
UTRIS could be improved to at least 75 percentby reducing either the number of
hours of water delivery to the turnout per day or the number of days of deliveryin
aweek.

Control of ShallowWater Tablein Irrigated Ricelands for Diversi-
fied Cropping

One of the physical constraints on the production of nonrice crops in irrigated
riceland is the shallow water table that is created by seepage from canals,and/or
adjacent flooded rice farms. However, if this could be effectively regulated, the
shallow water table can be used for meeting part or all o the crop water require-
ment.

Afieldexperimentwas conducted atthe Lower Talavera River Irrigation System
(LTRIS) to address the problems encountered by the farmers in growing upland
crops adjacent to irrigation canals or rice areas. The objectivewas to design and
evaluate practical techniques of controlling shallow water table on farms adjacent
to flooded imgated rice for growingnonrice cropsand determinethe relative costs
of and returns from the use of the techniques.

An RCB designwith five water table control treatments, each with four replica-
tionswasusedinthefieldexperimentinwhichcomwasgrown. The five treatments
consisted of four (T1 to T4) different levels of drainage-cum-interceptor channels
established strategically in relation to the source of excess water and one (T5)
without a channel serving as a control.

The channelshad nearly rectangular cross-sectionsand each was about 30 cm
wide which drained to amain drain. Each treatmentwas applied on an area of 200
m? (10m x 20 m) and was surrounded ontwo sidesby imgated rice plots. The field
had a slope of about 0.24 percent perpendicularly away from the canal bank and
along the length of the experimental plots. Soil was silty clay loam.

Hybrid yellow corn, variety SMC 305, was seeded at 20 cm x 70 cm. Fertilizer
wasapplied toallplotsattherateof 160-40-40 kg NPK/ha. Otherculturalpractices
were the same for all treatments.

Theregressionanalysisshowed thatcorn grainyield increasedsignificantlywith
increasing water table depth (Figure 2). High yields were found at the middle of
the plot and decreasingtowards the drainage-cum-interceptor. The yield gradient
was due to the relatively shallow water table near the drainage ditch and deeper
water table atthe middle. Among the differentdrainage ——-interceptor systems,
treatment (T1) gave significantly higher yield of 7.3t/ha compared to the other
treatments (Table8). Theyields between (T2)and (T3)did not differ significantly
but aresignificantlygreater than theyieldsin (T4)and (T5). Theslightlyhigher (but
notsigruficant)yield in(T4) comparedto (T5)wasduetothe drainageimprovement
made during the post-vegetative growth period of the crop.
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Table 8.  Average corn grain yield (t/ha), water table depth, plant height, and gross margin in each
water control treatment, LTRIS, 1990 DS.
Water Drainage No. Average Plant Average Gross 2
control cum-intemp- water height yield margin
treatment tor channel table {cm) (thal) US$/ha
depth (cm) depth {(cm)
1 50 2 15 139 7.3a 948
2z 30 2 13 126 5.5b 644
3 30 3 12 123 5.6b 652
4 20 3 5 110 3.5¢c 320
5 0 0 5 111 33 287
Rice from adjacent riafields 754

' Within column, numbers followed by a common letter are significantly different at 1 percent level.
f US$754/ha.

Th

ir yidld fric b oth dje

In i 62t/h

ritt a gross

? Qutput prices used are government support prices of US$ 0.20 per kg of both rice and com.
US$1.00 = Pesos 25.00

In the experiment, the 50-cm deep drainage-cum-interceptorchannel proved to
be more effective in the water table control and more profitable than the other
systemswith shallower channels that were tried. The corn crop did not need any
irrigationduring its entire growth cycle because the soil moisture within the root
zone was adequate to supportits growth. Water stresswas not observed in any of

the treatment areas during the 1990 DS.

The experiment showed that shallowwater tables on the farm created by canal
seepage and excess water application to adjacent rice paddies can be effectively
lowered by the use of well-designed drainage-cum-interceptorchannels. Results
alsoindicatethatcornproductionwith such seasonalinvestmentis more profitable
than rice production.
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Figure 2. Relationship between corn grain yield and water table depth, Laoag-Vintar River
Irrigation System, dry season, 1990.

10

Yield, t/ha

Y=0.832 1 0.346X

i

0 ! I ! I | 1 | | 1
2 4 6 8 10 12 14 16 18 20

Water Table Depth, cm



165

Agronomic and lIrmigation Management Options to Increase DS
Cropping Intensity, Yields and Income

What can be done in parts of imgation systemswith inadequate irrigation supply
to increase farmers’ income? From 1987to 1989D3S, two major research activities
were undertaken in UTRIS and in other similar systems with the following
objectives:

1. To develop appropriate techniques that would promote efficient use of
post-rice residual water and limited irrigation water for growing nonrice
crops.

2. To document the nature and extent of water augmentation practices
employed by farmers with limited irrigation water supply, and other
information useful in policy formulation and decision making.

Use ofpost-rice shaifow water fable. Soil-waterpersisting duringthe dry season after
rice harvest can support legume cropsby direct exploitationby legume roots, and
farm pumps. This wasexploredinasurvey o shallowwater tableusing2.5-mdeep
perforated tubewells located throughout UTRIS (Figure3).During the 1988DS, 52
sites on the non submerged fields were selected on rectangular grid basis for the
monitoring of water table depths twice weekly. The additional 71 sites concen-
trated in the western areas were monitored in 1989 DS.

About 44 percent of the sitesare irrigated or waterlogged riceland in December
and 31 percent at the end of April. Among the nonirrigated /nonwaterlogged
sampled sites, about 40 percent had usable resources of shallowwater table early
in the seasonin both 1988and 1989,and about 25 percent stillhad usable resources
attheend of the seasonsin both years (Table9). Geographically,within the system
and early inthe season,shallowwater tablewas found near the main canaland near
areasirrigated for the secondrice. At the peak of the DS, shallowwater tableswere
found along the lower portion of the main canal where fields were mostly irrigated
by water pumped from the diversion canal (outside UTRIS).

Tillage and irrigation for legumes. During the 1989 DS, a field experiment was
undertaken to measure and interpret the effects and interactions of tillage and
irrigation on the growth and yield of legume followingrice in previously puddled
soil, and to identify management technology and irrigation scheduling to enable
production substantiallyto be higher than that of the farmers. For DS cropping, the
persistence of shallow water table is equally important as water table depth. Table
10shows thatfindingsin the1988 and 1989 seasons wereconsistent. Ontheaverage,
25 percent of the siteshad shallow water table for more than 20 days; an additional
25 percent of the sites had shallow water for 1-20 days which could possibly be
managed for the benefit of nonrice DS crops.



166

Figure 3. 1989 Survey of resources of dry-season shall 1 ;
Irrigation System. f dry n shallow groundwater in Upper Talavera River

San Jose City

@ 25 m - deep tubewaell in 1988 and 1989

B 25m - deep tubewell additional for 1989 y/




Proportion of sitesat:
Potential Early sampling Late sampling
Depth range | for aiding
{cm) DS 1988 DS | 1989 DS | Mean | 1988 DS | 1989 DS | Mean
cropping (Dec) (Feb) (%) (%) (%) (%)
(%) (%)
20-90 High 36 12 24 0 10 5
90-150 Slight 10 24 17 16 20 18
>150 None 54 64 59 84 70 71

Table 10. Persistence of shallow groundwater at UTRIS in 1988 and 1989 DS. Proportion of
sample sites’ (excluding irrigated and waterlogged) having water table persisting for
various durations at depths 10-100 cm.

Duration (days) Proportion of sitesin:

1988 1980t | Mean
21-27 16 33 245
1-20 26 30 28.0
0 58 37 475

' Excludingirrigated or waterlogged areas
» 52 uniformly distributed sites.
B 123 sites with greater concentration.

Four tillage/seeding and four imgation treatments for mungbean were field-
tested in UTRIS. Theheat-tolerant Taiwan green mungbean cultivar was used and
seeded (withinoculant, fungicide, insecticide) on 25 November 1989, two days after
rice harvest. There was no rainfall; irrigation water was pumped from the main
canal by a delivery system that allowed precise application;all plots received 3.2
t/ha rice straw mulch, and all treatments were confined in Latin Square(LS) design
with 4 replications of each combination. Harvest of mungbean (in4 primings) was
done during 1-20 February 1989.

The results of the experiment reveal that:

1. Shallowtillage — provided0.60millionplants/hectare (Mp/ha) are estab-
lished (as achieved with no tillage) and survive to harvest — should
promote 0.9t/ha of mungbean grain.
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2. If DS irrigation is available, then interrow deep + shallow tillage —
provided 0.60 Mp/ha survive —should promote 1.5t/ha of mungbean
grain.

3. There were substantial benefits from irrigation of 20 mm at 3 weeks after
sowing (WAS)plus 30 mm at 4 WAS. Additional irrigation was used less
efficiently.

4.  Supporting studies in less heat-stressed environment (Friar Lands River
Irrigation System,Santa Cruz RIS and IRRI) achieved production of 2t/ha
mungbean grain, substantially higher than the Philippine average of 0.5t/
ha.

Water augmentation schemes. A survey of 32 UTRIS farmers in Nueva Ecija and 5
SFRIS farmers in Pangasinan was undertaken to document the nature and extent
of groundwater use to augment canal supplies by these farmers.

Farmers located at the tail-end sections of irrigation systems where water is
limited, especially during the later part of the DS, supported their (diversified)
nonrice crops with the use of shallow groundwater drawn by centrifugal pumps
through open wells. The open wells which were constructed with concrete casings
haveadiameterof 0.75mto 1.0mand adepth from3.5mto7.5m. Most of thewells
(78 percent) are about 5-7 m deep (Table 11). About 62 percent of the wells were
developed before 1980 and the remaining (38 percent) after 1980. All of the wells
in SFRISwere developed after 1980. The wells in UTNS and SFRISwere developed
at a unit cost of US$25-US$150. ,

The pump sizeused isfrom 3to 5 inches (7.5to 12.5cm)but the size of 86 percent
of the pumps is4 inches (10cm) (Table 12). Most of the pumps (89 percent) have a
rated discharge capacity of 300 gallons per minute (gpm)(18.9 Ips) and the rest (11
percent) have a capacity from 400 to 600 gpm, (25 to 38 lps). Diesel engines of
different brands are generally used as prime movers of the pumps. The engine
capacity ratingsrange from3to 7.5kw (4to 10hp), but the most common (66 percent)
are from 3-6 kw (4.8hp).

The average staticwater table depthinthe wellsat UTNS (LateralB area)isabout
1.8m below the ground-surface fromJuneto Januaryand increased gradually from
2.3minFebruaryto 3.0min April. Similarly, in SFRIS, the water table depth ranges
from lessthan 1.0m in August to November but increasesto about 4.0 m in April
and May. The average drawdown of pump wells in UTNS is 0.9 m for average
discharge of 18 Ips whereas in SFRIS, the average drawdown is 0.7 m with a
discharge rate of about 16 lps.

The average area served by the pumps ranges from 2 to a little more than 5 ha
cultivated by 3 to 6 farmers (Table 12). The most common nonrice crops irrigated
by the farmers practicing the water augmentation scheme are onion, tobacco, and
corn. Water is generally pumped done from February to April when the water
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Table /1. Profile of wells used by farmers practicing augmentation and diversified cropping, UTRIS
and SFRIS, 1990 DS.

Items UTRIS | SFRIS Total
N=32 n=5 n=37 %

Type of wells

Open dug well with

concrete casing 32 5 37 100
Depth of wells (m) *

n=35

3-4 4 0 4 11.4

4-5 0 3 8.6

5-6 8 13 5 18 51.4

6-7 10 0 10 28.6
Year developed

1960-1970 9 0 9 243

19701980 14 0 14 3738

1980-1990 9 5 14 37.8
Cost of well development

US$25-50" 23 o 23 62.2

50- 100 5 S 10 270

100 - 150 4 0 4 10.8

US$1.00 = Pesos 2500

supply from both systems (UTRISand SFRIS) is inadequate. The basin method of
irrigationor "flushflooding"is used for onion and furrow irrigationfor tobaccoand
corn. The averagerates of water applicationare 18lps, 8.31ps, and 8.61ps for onion,
tobacco, and corn plots, respectively (Table 13). Data obtained in one irrigation
applicationfor each af these cropsshowed an averagedepth of 81 mm for onion, 90
mmfor tobacco, and 50 mm for com. Theseamounts arerespectively17 percent and
12percentlessthan the amountappliedfor onior and tobaccoin thegravity irrigated
plots indicatingthat farmersusing pumps for augmenting their irrigationneeds are
relatively more efficient in using water.
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Table 12. Profile  pumps used by farmers practicing augmentation and  diversified cropping,
UTRIS and SFRIS 1990 DS.

UTRIS SFRIS T |1
[tems
N=32 n=5 n=37 %

Diameter of pump {cm)

7.5x%75 3 0 3 8.3

10.0x 10.0 26 5 31 86. |

13.0x 13.0 2 0 2 5.5
Capacity/discharge (Ips)

19 20 5 25 89.3

25 1 0 | 3.6

32 1 0 1 3.6

38 | 0 I 3.6
Engine KW

3-5 12 0 12 34.3

5-7 5 14 40.0

7-8 0 6 17.9

>8 3 0 8.6
Area served (ha)

<2 10 0 10 28.6

2-3 5 0 5 14.3

34 7 0 7 20.0

4-5 4 3 7 20.0

>5 4 2 6 171
No. of farmers served

<3 i2 0 12 46.1

4-5 5 0 5 19.2

>6 4 5 9 34.6

Water augmentation through shallow well pumps was found beneficial to the
downstream farmers with limited supply of irrigation water. Their crops are
insured against drought during the latter part of the DS. Ownersand users of the
augmentation system do not compete anymore with the upstream farmers for
irrigation water supply.



Crop Average Duration of | Discharge Depth Method of
planted farmarea | imigation (ps) ofwater water
(m?) {min) applied application
(mm)
Onion 2826 210 17.7 81 Basin
Tobacco 3049 512 83 90 Furrow
Comn 2793 335 8.6 50 Furrow

CONCLUSIONS AND RECOMMENDATIONS

1. The basic and essential permanent farm-level facilities needed to support
WSrice and DS diversified croppingare the main farm ditch and the water
control structuressuch as turnouts with gates, diversionboxes and check
drops (when necessary). Additional supplementary farm ditches required
only forareaswith topographiclimitations mustalso be constructed. Farm
ditches and other water controlfacilitiesneeded forgrowingnonricecrops
will vary dependingon thecropchoiceandthesecanbeadequatelyhandled
by the farmers.

2. Water application techniques of the farmers in both systems are "flush
flooding." For onion, water isapplied within a farm plot-by-plot whereasfor
tobacco water isapplied plot-to-plot. In each case the adopted technique is
suited to the water supply rate and the crops' tolerance to excess water.

3. Water application efficiency in onion as well as in tobacco was high.
Mulched plots had a slightly higher water application efficiency (90 per-
cent) than the unmulched plots (88 percent), but in SFRIS, where tobacco
plots were not drained, the water application efficiency was close to 100
percent. However, the plot-to-plot water application method that was
practiced in tobacco irrigation would result in a relatively low water
distribution efficiency. The irrigation delivery efficiency is lower in UTRIS
(38percent) than in SFRIS(70 percent). The low efficiencyin UTRIS isdue
to the continuous delivery of water to the farm ditches in most upstream
sites. SFNS deliveries were on an intermittent schedule dictated by the
rotational supply of water in the main system.
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Based on the WASDMOD evaluation, the low irrigationdeliveryefficiency
in UTRIS could be improved to at least 75 percent by reducing the number
of hoursof water delivery to the turnout per day or the number of days of
water delivery in a week.

Corn grain yield can be significantly increased by lowering the shallow
water table depth created by seepage and excess water application to
neighboring ricepaddiesby a50-cm depth drainage and interception chan-
nel.

Usable resources of the post-rice shallow water table persists on about 40
percent of the UTRIS area. Both the persistence and the area might be
increasedby riceirrigationmanagement. Residualmoisture with appropri-
ate seeding and tillage has potential for 0.9 t/ha at UTRIS (less favorable
environment), and 2.0 t/ha in more favorable environments.

Water augmentation utilizing shallow water table through open concrete
cased-well and pump systems in the tail-end areas of irrigation systems is
feasible and highly recommended for diversified crops.
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Summary/Highlights of Discussions:
Technical Issues on On-Farm Level Irrigation
Management

THe tHREE PAPERS discussed in the Sessionfocused on the technical considerationsfor
rice-based fanning systemsas these relate to on-farmirrigationmanagement. Dr.
Ghanihighlightedthe importantfindingsonwater utilizationand cropproduction
status in the Ganges-Kobadak and North Bangladesh Tubewell projects. Ms. lis
Syamsiah presented the selected water and crop-related Issles, based on a study
during the 1988-1989 dry seasons in the Cikeusik Irrigation Scheme. She was
requested to incorporate the results of the other studies in the final report. Mr.
Tabbal described the farm-level irrigation water control facilities essential to
support diversified crops, in the dry season in typical rice irrigation systemsin the
Philippines. The highlightsare given under the following five sections:

Farmer-Managed versus Researcher-Managed Fields

The results from Bangladesh showed that the number o water applications were
lesserbut that the yields were higher in the researcher-managedfields than in the
farmer-managed fields. To ensure thatthere isno attributionproblem, the analysis
should considerany difference inthe input levelsand technologies used in the two
sites. It was mentioned that the researcher-managed fields followed the BRRI-
recommended fertilizer rate of 86-40-40 kg NPK per hectare. Some fanners even
used higher rates. Intermsaof water inputs,both sitesgot the sameirrigationwater
deliveryandallocation.However, in theresearcher-managed fields, thewater level
had been maintained and the water was contained within the paddy. Thiswas not
the case in the farmer-managedfieldswhich allowed surfacedrainage or overflow
from plot to plot. It was suggestedto sort out the various factors influencingyield
and consider not only nitrogen but also other factors like differences in land
preparation, timing of fertilizer application, pesticide and herbicide use.

Wheat Crop in the Rabi Season in Bangladesh

There was some increase in the area grown towheat in therabi seasonbut there were
no dataonwheatup to 1983. In the Ganges-Kabodak Project, irrigatedwheat isnot
really recommended because from November to February or March there is no
water delivery. If thereisany wheat, it isnenirrigated and it depends onthe farmer
if he will plantwheat or not. Most farmersjust leave their land fallow and wait for
an optimum Aus rice cultivation.
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In the North Bangladesh Tubewell Project area, wheat is a popular crop next to
rice. It was picking up until 1983-1984but declined after that due to the problem
in price support. At the time of harvest, due to the Food for Work Program, wheat
saturated the market and prices went down. This should be addressed by some
policy of the government.

Reliability, Equity and Adequacy of Water Delivery and Supply

There should be a good measure o reliability. The Bangladesh paper mentioned
low reliabilitybut no concrete measure has been presented, except the start date of
pump operation and rotational delivery. Reliability ismore important for nonrice
crops in rice irrigation systems. It is necessary to find ways of quantifying this
parameter.

In response, Dr. Ghani referred to reliability under two aspects, first, in terms of
water supply, whether the Project can supply the requirement of the system. As
mentioned, the Project could supply water to only 70 percent of the irrigable area.
The other aspect is on water distribution, in terms of amount and timing. As an
example, the total available water is more than enough for the rice crop but in the
tail-end area, there are timeswhen there iswater shortage. Furthermore, within the
tertiary, the head section uses more water than the crop needs.

What was explained may have referred to adequacy of water supply and equity
of distribution. Reliability could mean, knowing whatisgoing tohappennextweek
andhowaccurateitis. Itmaybeworthwhile toaskthefarmerstopredicthowmuch
water they may get in a certain period but not how often they will not get water.

Dr. Murray-Rust related reliability to farmers’ crop choice in the dry season in
response towateravailability. Observationsin Indonesiashowed thatthe irrigation
agency experienced difficulty in the delivery of irrigation water to various crops
grown in the area of the system. A recommendation could be to fix the volume of
water supply and let the farmers decide.

Dr.Undan focused not somuchonreliabilitybutonthecommunicationbetween
the irrigation agency and the farmers. The farmers should be informed of the
maximum water availableto give them the option on what to plantand how much
to plant.

Productive Technologies and Farmers’ Choice

Dr. Pingali is inclined to conclude that systems which have been diversified
historically will continue to be diversified and systems not diversified historically
may not diversify atall because of soil / physical constraints. If this is true, then the
net social benefit that a project like this could give to farmers is to provide
technologies that can increase productivities of the systems.

Dr.Bhuiyan commented that itis very difficultto conclude that systems already
diversified will remaindiversified. Thedegree of diversificationchangesfromyear
to year. During the September workshop in the Philippines, this issue was
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discussed with farmer participants. The farmersclearly stated that they switched
from onion to garlic to rice very quickly from year to year, so there is a shift from
a monoculture rice to diversified cropping.

Farmers do choose between rice and nonrice crops depending on expected
returns although some are actually mandated, like sugarcanein Indonesia which
has to be grown every third year. The issue is to give the farmer a choice of crops
so that he can grow what he thinks is best for that particular season. In areaswith
high water table, the technology is to use raised beds or to control the water by
lowering the water table.

The major problem is the market tor the products and on this basis, it is difficult
to really recommend what is best to produce. Sometimes, weather is a very
important consideration. Also, farmers' attitudes are very difficult to change. In
the Philippines, most farmers are used to rice culture and diversified cropping
needs to be demonstrated.

Drs. Undan and Maglinao alsoargued that there are already available technolo-
giesapplicabletovarioussituations. Whatis necessary is todiscussthesein greater
detail to determine what specifically these technologies and the points of applica-
tion are.

Crop Diversification Plan

The caseof cropdiversificationin the Ganges-Kobadak Project was presented. The
problem is, if diversified crops are planted in the dry season, there will still be
standing nonrice cropswhen pump operationstartsin February, causing seepage
and possible drainage problem. Likewise, rice sowing will already have started,
thereby having both rice and nonrice crops in the field. This being the case,
additional work like supplementary farm ditches for seepage control or complete
rehabilitation of the project may be needed.

If crop diversification is introduced in the GK Project, what may be done is to
schedulepumpoperation to start in February and end in October 31. Theoptimum
sowingtime forthenonricecropswillbeinthemiddle of Novernber. Thesecanthen
be harvested by the end of February, so there will be no problem o drainage.

In Indonesia, the governmentsets targets of how much rice and other cropswill
be grown each year, and every district will have to follow thiscroppingplan. In the
wet season, all the areasare planted torice. In the dry season,both rice and nonrice
crops can be grown although with some say from the government. For example,
because of largeimportation of soybean, the farmersare pushed to plant this crop.
InCikeusik Irrigation System wherefarmersareplantingonion, thelocal regulation
isto limit the area for onion. It meansthat the farmerscannotplant more than the
area allocated. In terms of water delivery, rotation is done when the supply
decreases.
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INTRODUCTION

ALTHOUGH IN BancLaDEsH the share of agriculture in the Gross Domestic Product
(GNP) has been declining over the years, it still remains the largest sector of the
economy (Tablel. Thissector produces nearly 38 percent of the country’s output
and provides directemploymentto three-fifthscf itslabor force. Inorder torealize
the economicand social goals of achieving self-sufficiencyin food grains, ensuring
the supply of raw materials for the growing industrial sector, and generating
employment and income for the burgeoning rural production, the rate of growth
of the agricultural sector must be accelerated.

Any acceleration of the growth of agriculture in Bangladesh, however, is
critically dependent on irrigation development which has great potential in the
country. Actual areairrigated by differentmethodsin 1987-88was found tobe2.35
M ha or about 26 percent of cultivable area and about 35 percent of potentially
irrigable land (Table 2). Irrigated area can be increased by both investing in new
projects and improving the efficiency of the existing imgation systems. Since
investment in new irrigation projects has become more expensive as a result of
increasing capital costs per hectare, the governmentas well as the donor agencies
are now putting greater emphasis on enhancing the performance of existing
systems through improved irrigation management.
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Table 1.  Sectoral shares of the GDP (percent) at constant (1984-85) prices

1985-86 1986-87 1987-88 1988-89

Agriculture 414 39.9 385 376

Crops 329 316 30.2 294

Forestry 27 25 25 25

Livestock 29 29 29 29

Fisheries 29 29 2.9 2.8
Mining and quarrying 0.001 0.001 001 0.001
Manufacturing 9.7 101 9.8 9.9

Large scale 52 5.7 5.5 55

Small scale 45 44 43 43
Construction 54 5.5 6.1 6.3
Power, gas, water and sanitary

services 0.6 0.7 0.8 10
Transport, storageand

communication 111 11.9 12.0 12.3
Trade services 9.1 9.0 89 8.7
Housing services 79 7.8 7.9 79
Public administrationand

defense 3.8 39 41 4.0
Banking and insurance 21 2.1 20 21
Professional and miscellaneous

services 8.9 9.1 99 10.2
GDP at market prices 100.0 100.0 100.00 100.0

Source; Statistical Pocket Bwk of Bangladesh. Bangladesh Bureau of Statistics (BBS} 1990.




Table 2. Total area irrigated by different methods in Bangladesh in 1987-88.

183

Methods Actual area Irrigated
ha ("00000) percent
A. Surfacewater irrigation
i.  Gravityflow 1.15 4.90
i. LLP 5.27 22.44
iii.  Traditionalmethods 238 10.13
Subtotal 8.80 37.47
B. Groundwater irrigation
i. STW 8.70 37.03
ii. DTW 5.55 23.63
iii. HIW 0.44 1.87
Subtotal 14.69 62.53
Total 23.49 100.00
LLP = Lawlift pump.
STW = Shallow tubewell.
DTW = Deep tubewell.
HTW = Hand tubewell.
Sources:  Planning Commissien, Government of Bangladesh, 1990

Draft, Fourth - Five Year Plan, Dhaka.

Irrigation management can be defined as "the process in which institutions or
individuals set objectives for irrigation systems, establish appropriate conditions,
and identify, mobilizeand use resourcesto attain these objectives —whileensuring
these activitiesare performed without adverse effects (1IMI 1989). Objectives often
adopted in the irrigation management process include (Uphoff 1986):

1.

Greater production or productivity in terms of crop yield, area cultivated

and/or cropping intensity;

Improved water distribution in terms of greater reliability, predictability
and equity;

Reductions in conflictamong water users and with government agencies;

Greater resource mobilization — both material and human;

Sustained system performance.
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The realization of the above objectives depends, in large part, on a number of
socioeconomic factors and issues. This paper aims at identifying some of these
factors as they relate to the performance of irrigation system management in
Bangladesh. Itisbased primarily on the findings of studies(Hakim etal. 1990a, b,
¢, d, e and Islam 1990) conducted under the IIMI-IRRI Project on Irrigation
Management for Rice-Based Farming Systems. These studieswere conducted in
the north and northwest of Bangladeshand coveredboth gravity and groundwater
irrigation (deep tubewell) systems. The gravity irrigation system studied is the
Ganges-Kobadak (G-K) System —the largest irrigation systemin the country and
located in Kushtia District. The deeptubewell (DTW)irrigationsystemsincludethe
North Bangladesh Tubewell Project (NBTF) in Thakurgaon; Bangladesh Agricul-
tural Development Corporation (BADC) DTWs under direct and rental manage-
ment (in the Rajshahi area); and private DTWSs located also in Rajshahi District
(Table3).

Table 3.  Location, ownership and mangement patterns of irrigation systems included in the

study.
System and location Ownership Management
BADC Rental DTWs with RAKUB Public, BADC Private. Farmer group
participation. Rajshahi
BADC Rental DTWs without RAKUE |  Public, BADC Private. Farmer group
participation, Rajshahi
BADC, BIADP DTWs, Rajshahi Public, BADC Public, BADC +
Private, Farmer group

Private DTWSs. Rajshahi Private (Farmers) Private (Farmers)
G-K, Kushtia Public. BWBD Public. BWBD
NBTP, Thakurgaon Public, BWBD Public, BWBD

BADC = Bangladesh Agricultural Development Corporation

DTWs = Deep Tubewells.

RAKUB = Rajshehi Krishi Unnayan (Agricultural Development) Bank.

BIADP = Barind Integrated Area Development Project.

G-K = The Ganges-Kobadak. It is the largest gravity irrigationsystem in the country.

BWBD = Bangladesh Water Development Board.

NBTP = North Bangladesh Tubewell Project.
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Inadditiontoanumber of cross-site issues, the studiesincluded theresults of two
experiments, one dealingwith water rotation inthe G-K Irrigation Systemand the
otheronamethod toincrease irrigation coverage in the North Bangladesh Tubewell
Project. The data utilized in all of the studies were collected through personal
interviews with farmers, fanner leaders and agency managers using structured
guestionnaires, informal discussions and participant observation methods.

SOCIOECONOMIC FACTORS AFFECTING IRRIGATION
MANAGEMENT

Mobilization of Internal Resources — The Irrigation Service Fee

In Bangladesh, itis the stated governmentintention to recover the entire Operation
and Management (O&M) costs and as much dof the capital costs as possible from
irrigation systems developed and owned by the government. The underlying
objectiveis to ease budgetary pressuresand release funds for investment to create
additional irrigation facilities and to undertake other development projects. In
pursuanceof thispolicy, the governmenthasnotbeenprovidingenough money out
of its general budget to meet the O&M costs and, wherever possible, to realize
capital costs from the beneficiaries. The present irrigation fee of some of the public
systems,however, ismuch too low to cover Oé&M costs. As can be seenfrom Table
4, in the G-K and NBT systems, irrigation fees cover only 16 and 6.5 percent,
respectively, of O&M costs. As a result, these systems have been suffering from
operational and maintenance problems (Ali 1989 and Hakim et al. 1990a). If one
'looks at O&M costs as a proportion of incremental benefits due to irrigation there
would appear to be little economicjustification for fixingirrigation feesat the low
levelsused in these two projects (Table5). As users of rental and private tubewells
(systemsthat cover most irrigators in Bangladesh) pay fees and charges at least
covering their full O&M costs, there seem to be few equity or socialjustice reasons
for keeping the fees so low on a few public systems.

Inadditiontolow fee rates, the collection efficiency of thefeesisverylowinthese
two public systems. While the collection efficiency in private and rental systems
under study varies from 79 to 98 percent, it is only 1.13percent in G-K and 23.55
percent inthe NBT System (Table6). Therelatively high collection efficiency in the
othersystemscan be explainedby three major factors. First, sanctionsagainstnon-
payment are strong and effective. If a farmer does not pay his fee in a particular
season, water supply to his field is stopped in that season and he is denied water
in the followingyear. Second, the incentive for collection is very strong. If the fee
is not collected, the tubewell managers lose their formal and informal pecuniary
benefits. Formal benefit is their honorarium and informalbenefit is the excess of
irrigationfees over O&M costs. Furthermore, if fees are not collected they cannot
continue irrigationbecause they are totally dependenton irrigationfeesin order to
operate the system. Discontinuationwill deprive them of the direct benefits of
irrigation. Third, in one system (private),the fee is collected partly in kind.
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Table 4.  Irrigation fee and O&M costs in irrigation systems under study (average per year per

System and Irrigation | O&M Irrigation fees
location Year fees® costs® | as% of Q&M costs

BADC rental DTWs with
RAKUB participation,
Rajshahi 1989-90 2287* 2460 93.66

BADC rental DTWs without
RAKUB participation,

Rajshahi 1989-90 3173¢ 2005¢ 163.24
BADC, BIADP DTWs,

Rajshahi 1989-90 4810° 4442° 108.19
Private DTWs, Rajshahi 1989-9) 3929° 1891¢ 207.77
G-K, Kushtia 1988-89 3294 20974 16.06
NBTP, Thakurgacn 1988-89 2894 4426°_ 6.52

igation fees are defined as payments by the farmers to the farmer group management in the case

of all BADC DTWs systems, to the private owners in the case of Private DTWs system, and to the
government in the cases of G-K and NBTP systems for the it ig 1 i th  receive. In the
csesa I DTWs systems irrigation fees include the rental / irrigation g p dby
BADC on farmer groups. Averagepet year per hectare irrigation fees as shown in the table have been

calculated bvd 7id g sit ati fe @ L tl } gross ity t darea
b Q&M costs include both direct and  1i t
< For sample DTWs only.
4 For entire project.
BADC Bangladesh Agricultural Development Cerporation

DTWs = Deep Tubewells.

RAKUB = Rajshahi Krishi Unnayan (Agricultural Development) Bank.

BIAL = Barind Integrated Area Development Project.

G-K = The Ganges-Kobadak. It is the largest gravity irrigation system in the country.
BWHD = Bangl desl Wi D 1y B d

NBTP = North Bangladesh Tubewell Project.
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Table 5.  Incremental benefit and O&M cost (in Taka) in G K and NBTP (1989-90 prices)
ASON C
= 'w ‘:‘U'I:H'E'“m‘:’ :%:’?::"E i%z"c:“r:‘ X Kushea ;‘;'?_‘;:”5: il et
oK Kushiin | S
Kharif -1 | Aus 14,426 2.063 17.363 |.489 1,903 12.00 154
Kharif-Il  § Aman 11,230 6,783 4,446 608 620 13.60 140
Rabi Wheat 4079 1.7 2,102 1,903 703

Sources: For O&M cost same as stated in Table 4.
For net return, average of several field survey findings,

Per ha net return = total variable costs minus grass return. Gross
return has two components: value of main product and value of

by-prcduct.

Per ha total yearly costs have been distributed among the crops in
proportion to the present irrigation fees for the crops.

G-K
NBTP
Kharif-1

= Ganges Kobadak.

= North Bangladesh Tubewell Project.

= Pre-monsoon dry crop season.

Kharif-2 = Monsoon crop season.
= Dry crop season.

Rabi
w
w/out
irri.

= with.
= without.

= irrigation.

In the Public G-K and NBT systems, low collection efficiency is explained by a
number of factorsover which local agency officialsoftendo not have much control.

These factors may be enumerated as follows:
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Table 6. Irrigation service fee collection efficiency.
Collectible Collection
ystem and location Period irrigation Collection | efficiency
fee
{"00000 taka) | (00000 taka) (%)
BADC rental DTWswith | 1984-85to
RAKUB participation,
Rajshahi 1988-89 56.88° 45.45 79
BADC rental DTWs
without
RAKUB participation,
Rajshahi 1989-90 2120 203 96
BADC, BIADP DTWs,
Rajshahi 1989-90 3.29° 3.16 96
Private DTWs,
Rajshahi 1989-90 279 2.73 98
GK 1984-85t0| 1872502 21.20 113
Kushtia 1988-89
NBTP, Thakurgaon 1984-85t0| 8547 20.13 1355
1988-89

Sources:For G-K, Thakurgaon and rental with RAKUB officialrecords and far the other three systems
of the present field survey.

* For entire project.
® For sample DTWs only

BADC = Bangladesh Agricultural Development Corporation.

DTWs = Deep tubewells.

RAKUB = Rajshahi Krishi Unnayan (Agricultural Development) Bank.

BIADP = Barind Integrated Area Development Board.

G-K = "heGanges-Kobadak which is the largest gravity irrigation system in the country.
BWBD = Bangladesh Water Development Board.

NBTP = North Bangladesh Tubewell Project.

Lack of farmer participation/involvement. Collection efficiency depends, to a large
extent, on the ability and motivation of user-fanners to pay. As noted earlier, in
terms of incremental benefits received from irrigation, farmers d o have the ability
to pay irrigation fees, yet they do not pay. One reason for this is their lack of
motivation to pay which may be explained, partty, by their nonparticipation inany
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aspect of irrigation management — including the determinationof irrigation fee
rates. One hundred percent of the Kushtia and Thakurgaon sample fanners
reported that they were not involved in the fixation of rates (Table7), 94 percent of
Kushtiafarmersand 40 percent of Thakurgaonfarmerswereignorantof thecriteria
used for the determinationaf their presentfees (Table8)and 93 percent of Kushtia
farmersdid not know who decided the fee rates (Table9). Farmers have not been
convinced of why they should pay the fees. One hundred percent of the Kushtia
sample farmers consider even the present low fee to be unreasonable (Table 10).

Table7.  Samplefarmers’ responses as to whether they participated in deciding irrigation fees.

System and location Responses

Yes No Total
BADC rental DTWSs with RAKUB 19 17 36
participation, Rajshahi (52.8) 47.2) (100)
BADC rental DTWSs without RAKUB Kil 1 32
participation, Rajshahi (96.9) (3.1 (100)
BADC, BIADP DTWs 53 5 58
Rajshahi (91.5) (8.6) (100)
Private DTWSs 33 6 39
Rajshahi (84.6) (15.4) (100)
Total: Rajshahi 136 29 165

(82.4) (17.6) (100)
G-K 89 89
Kushtia (100) (100)
NBTP 160 160
Thakurgaon (100) (100)
Grand Total 136 278 414
Rajshahi + Kushtia T Thakurgaon (32.8) (67.2) (100)

Note: Figures i parentheses are row percentages.

BADC = Bangladesh Agricultural Development Corporation,

DTWs = Deep tubewells.

RAKUB = Rajshahi Krishi Unnayan (AgriculturalDevelopment) Bank.

BIADP = Barind Integrated Area Development Project.

G-K = TheGanges-Kobadak which is the largestgravity irrigation system inthe country.
NBTP = North Bangladesh Tubewell Project.
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Table 8.  Sample farmers’ awareness about the criteria for fixation of irrigation fees

System and location Aware of Not aware of Total
criteria criteria
BADC rental DTWs with RAKUB 34 2 36
participation, Rajshahi (94.5) (5.5) (100)
BADC rental DTWs without RAKUB 3 | 32
participation, Rajshahi (96.8) (3.2) (100)
BADC, BIADP DTWs 58 58
Rajshahi {100) (100)
Private DTWs 38 1 39
Rajshahi (97.6) (24 (100
Total: Rajshahi 161 4 165
(97.6) (2.4) (100)
G-K 5 84 89
Kushtia (5.6) (94.4) {100)
NBTP 80 80 160
Thakurgaon (50) {50) (100)
Grand Total: 246 167 414
Rajshahi + Kushtia + Thakurgaon (59.4) (40.6) (100)

Note: Figures in parentheses are row percentages.

BADC = Bangladesh Agricultural Development Corporation.

DTWs = Deep tubewells.

RAKUB = Rajshahi Krishi Unnayan (Agricultural Development) Bank.

BIADP = Barind Integrated Area Development Project.

G-K = The Ganges-Kobadak which is the largest gravity irrigation system in the country.
NBTP = North Bangladesh Tubewell Project.



191

Table 9. Samplefanners’ awareness about who decides the level of irrigationfees.

System and location Aware of Notaware of  Total
who decides who deades
BADC rental DTWs with RAKUB 3B 1 36
participation, Rajshahi (97.2) (2.8) (100)
BADC rental DTWs without RAKUB 32 - 32
participation, Rajshahi (100) (100)
BADC, BIADP DTWs 58 - 58
Rajshahi {(100) (100)
Private DTWs 39 - 39
Rajshahi (100) (100)
Total Rajshahi 164 1 165
(99.4) (0.6) (100)
G-K 6 83 89
Kushtia (6.7) (93.3) (100)
NBTP 151 9 160
Thakurgaon (94.4) (56) (100)
Grand Total 321 93 414
Rajshahi + Kushtia + Thakurgaon (77.5) (22.5) (100)

Note: Figures in parentheses are row percentages.

BADC = Bangladesh Agricultural Development Corporation.

DTWs = Deep tubewells.

RAKUB = RajshahiKrishi Unnayan (Agricultural Development) Bank.

BIADP = Barind Integrated Area Development Project.

G-K = The Ganges-Kabadak which is the largest gravity imgation system i the country.
NBTP = North Bangladesh Tubewell Project.
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Table 10. Samplefarmers' epinion on the reasonableness d the size d irrigationfees.

Responses
System and location
Yes No Noopinion
BADC rental DTWs with RAKUB 3 51
participation, Rajshahi (97.2) (2.8)
BADC rental DTWs without RAKUB 30 2
participation, Rajshahi (93.75) { 6.25)
BADC. BIADP DTWs 54 4
Rajshahi (93.1) (6.9)
Private DTWSs a 8
Rajshahi (79.5) (20.5)
Total: Rajshahi 150 13 2
(90.9) (7.9 (L2)
G-K 89
Kushtia {100)
NBTP 148 12
Thakurgaon (92.5) (7.5)
Grand Total: 298 14 2
Rajshahi + Kushtia + Thakurgaon (71.9) (27.61) (0.5

Note: Figures in parentheses are row percentages.

BADC = Bangladesh Agricultural Development Corporation.

DTWs = Deep tubewells.

RAKUB = Rajshahi Krishi Unnayan (Agricultural Development) Bank.

BIADP = Barind Integrated Area Development Project.

C-K = The Ganges-Kobadakwhich is the largest gravity irrigation system inthe country
NBTP = North Bangladesh Tubewell Project.
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KSS (cooperative) managers are involved in the collection of irrigation fees.
These leaders, however, are not necessarily chosen representatively from the
irrigators. In addition, cooperative discipline (as represented by the holding of
regular member meetings) is low —resultingin reduced accountability of the KSS
leaders. These leaders have little formal or informal authority to enforce any
discipline. Under these circumstances, the involvement of KSS managers in fee
collection cannot be considered as involving farmers.

Lack of financial autonomy. Financial autonomy here refers to "situationswhere an
irrigationagency must rely on irrigation service fees fora significantportion of the
resources needed for O&M, and where it has control over the expenditure of the
funds collected from the fees" (ADB-1IMI 1986). In the G-K and NBT systems,
whatever feesthe agenciescollect go to the governmenttreasury. Theagenciesdo
not have any say on the use to which the irrigation fees are put and their annual
(O&M) budget is independent of the amount of irrigation service fees collected.
This lack of financial autonomy can be expected to affect collection efficiency in
three ways. First, since collection does not affect their O&M budget directly, the
agenciesmay nothave a sufficiently strong material incentiveto increasecollection
efficiency. Second, since the agencies do not have any say on the use of collected
fees, they may feel unmotivatedtoincreasefee collectionefficiency. Third, without
financialautonomy the quality of irrigation servicesmay be adversely affected due
to low accountability of the irrigationagencies. Farmers may resist paying fees if
the quality of irrigation services is unsatisfactory.

Quality of services. Imgators in the G-K System, especially middle and tail users,
express some dissatisfaction on the quality of servicesthey receive in terms of the
certainty,adequacy and timelinessof water deliveries. Usersdo not alwaysknow
when the main pump will startand when they will get water. They are unable to
predict pump starting time on the basis of past experiencesbecause there is such
awide variation in the past start-up dates (Ghani 1987). An attempt isbeing made
to regularize this start date.

Due to maintenance problems, the G-K canals — particularlytertiary and field
channels — are often not in proper condition. In some places it has become very
difficultto identify the original alignmentsof canals and channels. In someplaces
a number of the hydraulic structures of the secondary and the tertiary canals are
either inoperable or missing. As a result, whatever water is available cannot be
distributed inan effectiveand timely mannerto users, especially to the fieldsof tail-
end farmers. Thehead-endand middlefarmers, being in anadvantageous position,
are often able to meet their water needs through unauthorized cutsin the canals —
a form of water stealing at further cost to the tail enders. The lack o sufficientcanal
maintenance is explained partly by (i) an inadequate number of agency staff,
especially those at the field level, (ii)the absence of an appropriate mechanism for
farmer participation in the operation and maintenance of the system at the
secondary tertiary,and field levels, and (iii)the shortageof fundsforoperationand
maintenance. A rehabilitation scheme is presently being implemented in the G-K
System, after the completion of which thequality of servicesisexpectedtoimprove.
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In the NBT System, while farmers can generally be certain of their tubewell’s
start-up time, the irregular supply of water hasbeen amajor problemattimesin the
recentpast. Duetoelectricityfailures,the regularity and sufficiency of watersupply
cannot always be maintained. Electricity failuresare caused mainly by the theft of
electricwires. Further, for the samereasonsasinthe G-K System, the maintenance
of channelsin many DTWs is inadequate.

Problemswith the collectionsystem. The collection efficiency of irrigation service fees
inthe BWBD projects is partly inherent in the system of collection itself. Thesystem
suffers from a number of weaknesseswhich may be enumerated as follows:

Length of assessment procedures. Underthepresentsystems, theagencies
have to go to through a lengthy five-stage process in order to give the final
bill to the users. The firststage involves the identificationand recording or
booking of the irrigated plots for every farmer under the command area.
The second stage involves hearing objections from farmers against the
recording of their irrigated land. After bocking is completed, the Patwari
(thebooking staff)sendsthe booking register to the Sub-Divisional Engi-
neer (SDE),who sends it to the Executive Engineer (X-EN). The X-EN then
circulates this booking information to water users and gives them one
months’ time to place their objections (if any). In the third stage the X-EN’s
office makes a preliminary assessment of irrigation fee for which two
months’ time is allowed. Water users are informed of this preliminary
assessment and asked to file their objections, if any, against the assessed
amount. The time allowed for informing the farmers and receiving objec-
tions from them is one month. The fourth stage involves the hearing of
objections and finalizing assessments which require two months. In the
finalstage, which takes afurther two months, demand notices are prepared
for every farmer. After the demand notices are finalized they are sent to
individual farmers through KSS managers. From irrigation booking to
finalizationof demand notices, therefore, it takes (officially)nine months.
Thedistributionof demandnoticesamong theindividual farmersalsotakes
additional time. A water user normally getshis demand notice three to four
months after the harvest of his crops, a time by which he must have either
disposedoforconsumed thecropleavinghimwithinsufficientfundsto pay
irrigation fees.

Level of expense. The collection system is expensive in two ways — its
implementation requiresa great deal of manpower and a great quantity of
stationary is needed for various forms, notices and registers (in the G-K
Systemalonemorethanhalfamilliontakaisrequired topayforstationary).
BWDB has only a limited number of staff (Patwaris and Zilladars) to
implement the system. The G-K System has only 23 Zilladars and 170
Patwaris to do assessmentwork for more than 126,000 farm families. In
the NBTB System, there are only 59 Patwarisand no Zilladarsto serve more
than 14,000 water users. The assessment efficiency, like collection effi-
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ciency, is very low in these BWDB systems. Official data from 1984-85to
1988-89showed that G-Kwasableto assess 52.8 percent of the total irrigated
area. For the NBT System it is 49.8 percent (Table11).

Lack of financial autonomy. Under their present system, the BWDB
agencies assess and collect feesbut do not have any control over the use of
thesefunds. Theentiresum of feesisdeposited inthe governmenttreasury.
Financial autonomy,asnoted, can be closelyrelated to collectionefficiency.

Lack of effectiveincentives for fee collectors and agency officials. The
system provides incentives to collectors of fees. It has been reported,
however, that the collectorsdo not always get their incentive money in full
or on time. As a result, collectors often do not take much interest in their
work. Further, there is no incentive provision for agency officialswho are
involved in the assessmentand collection of fees.

v. Lack of provision for farmer participation. Thispoint hasbeen discussed

above.

Table 11. Irrigationfee assessment efficiency in BWDB systems.

Area Area Assessment
Systemand Year irrigated assessed efficiency
location (ha) (ha) (%)
GK 1984-85 to 9 713,872 2.8
Kushtia 1988-89
NBTP 1984-85t0 74,945 37,311 49.8
1988-89

Source. Compiled from official records.

G-K
NBTP

The Ganges-Kobadak which is the largestgravity irrigationsystem in the country
North Bangladesh Tubewell Project.
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Nonenforcement of sanctions. Enforcement of sanctionsagainst willful nonpayment
of irrigation fees is very important for a systemaiming at a high rate of collection
efficiency. The rules provide that if a user does not pay his fee for a particular
season, he may not be given water in the following season. This strong official
sanctionhas not, however, been implemented in either the G-K or the NBT systems.
This nonenforcement may be explained by such factors as (i) lack of financial
autonomy, (ii)lack of sufficientmanpower, (iii)lessthan satisfactorywater supply,
and (iv) fear of popular resentment and agitation, etc.

Communication and Interaction among Farmers and Project
Officials

Irrigation system management involves the partnership of irrigation managers
(oftenagency officials)and farmers. For efficient system performance regular and
effective communicationbetween these partners isnecessary. Tobe effective,such
communication must involve farmer leader representatives of the general irriga-
torsand managers/ officials who have theauthority to attend to the problemsfaced
by the farmers. Inmany parts of the study areasinvolvedin the IIMI-IRRI research,
these conditions were not met. As a result, effective and regular interaction and
communication between officialsand farmers did not occur.

Farmer Organization and Participation

Evidence from a variety of systems supports the proposition that irrigation
management objectives can be furthered by the participationof farmersin system
management (Uphoff 1986; FAO 1989; Pradhan 1989; Pant and Verma 1983).
Especially where landholding is typified, by smalland fragmented farms, it can be
expected that farmer participation becomes more predictable, productive and
sustainableif they participate in groups through some form of organizationrather
than on an individual basis.

The nature and dimensionsof the irrigation activitieswhich a farmer organiza-
tion might perform depend on the type of irrigation system, the method of
irrigation, the ownership of the system, and on many socioeconomic, institutional
and cultural factors. To create a framework for the analysis of the role of farmer
organizationsinirrigationmanagementone can identify someactivitiesof ageneral
nature. Uphoff (1986), for example, provides a list of such activities as follows:

Activities related to water use:

a) Acquisition of water from surface or subsurfacesources;
b) Allocation of water by assigning rights to users;

¢) Distributionof water among users; and
d) Drainage of excesswater.
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Activities related to the physical system:

a) Design of structures;

b) Construction of structures;
c) Operation of structures; and
d) Maintenanceof structures.

Activitieswhich include organization and management functions:

a) Decision making;

b) Resource mobilization;
c) Communication; and
d) Conflict management.

All these activities are highly interrelated. Ways in which farmers’ groups might
become involved in these functionsare included among the recommendations of
a workshop on "lrrigation Policy and the Management of Irrigation Systems in
Southeast Asia" (Taylorand Wickham 1976). These recommendationsincluded:

1. Taking more responsibility to pay for irrigation;

2. Assuming more responsibilityto organize and perform O&Mtasks;

3. Giving more feedback to irrigation officers on the field performance of
systems; and

4. Exerting greater influence on decisions involving water allocation and
scheduling.

The findings of the IIMI-IRRI project show that farmers' organizations of the G-
K and NBT systems have not played much of a role in irrigation management. In
the Rajshahi tubewell systems,the groups have performed a number of irrigation
management functions, but again there isscope forbroadening the involvement of
farmers. The following are several constraintsthat these farmer groups' attempts
at irrigation management participation are beset with

Inadequate irrigation management orientation. The formal fanners' organizations
often have an inadequate orientation toward irrigation management. Frequently,
they are societies more oriented toward credit — following the principles of the
early credit cooperative societies which were later restructured along the lines of
the two-tiercooperativesdevelopedby the Comilla Academy. Theirbylawsdonot
adequately deal with inigationmanagementfunctionsnor dothey outlineagency/
farmer relations.

Wateravailability. One of the major conditionsencouragingfarmer participationin
irrigation management is the availability of adequate water in atimely and certain
manner. Often, too much or too little water is available which discourage farmers
from participating in irrigation management. The relationship between water
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availability and incentivesfor participation might be represented by aninverted U
curve, farmers’ willingness to participate being low at either extremes of water
abundance or scarcity (Uphoff 1986). In the IIMI-IRRI study, poor fanner partici-
pation can largely be explained by water availability. In the G-K System, it was
observed that the tail-end farmers do not get water in a sufficient and timely
manner. They do not have enough water to manage — making participation
irrelevant. Head-end fanners, on the other hand, often get (ormanage to get) so
much water that they have little need for organized effortsto conserve and manage
the resource. Inthe NBT Systemthe situation is similar to that in G-K while in the
Rajshahi area the problem is not severe.

Ownership. A sense of ownership of the system is an important prerequisite for
farmer participation in management. Inalmostall of the systems under the farmer
organization study, the irrigation facilities are owned by the government. In
Rajshahi, however, the de facto ownership of DTWSs, to a great extent, lies with
farmer groups. Farmers* sense of ownership of the system is relatively greater in
the Rajshahiarearesultinginmore participationbythefarmers.Inthe G-Kand NBT
systems, scope for farmerparticipationis limitedby project design. Inbothsystems
BWDB is supposed to perform almost all irrigation management activities. There
is no talk of turning over any significantdegree of ownership of these systems to
the farmers.

Factionalism. Farmers’ organizations for irrigation management are not free from
theproblemsoffactionalconflicts.Problemsof family or lineage-basedfactionsare
reflected in their management. Factions that dominate the management often
eliminate the participation of other factions to the detriment of widespread
participation of a broad spectrum of farmers.

Training. The training of farmer group leaders in irrigation management hasbeen
found to be either absent or inadequate. Training of agency personnel to motivate
them to accept farmer participation as an essentialcomponent of improved system
performance is also generally absent.

Lack of participation of all irrigators. It has been noted that only irrigators in the
Rajshahi DTWs and a portion in the NBT Systemand the BIADP of Rajshahi have
no legal barrier to become members of the organizations because the organizations
are irrigation community- or command area-based — precluding nonresident
irrigators from becoming members.

Disadvantaged farmers’ interestsare not safeguarded. Sincethere is no legal provision
to safeguard their interest and ensure their representation, the disadvantaged
farmers (especiallythe tail-endand small farmers) do not have any incentiveto join
the organizations. Without their participation, the organizations cannot be ex-
pected toperformequitably. Ithasbeennoted inthe literature onthesubject (Parker
1979) that if farmers’ organizations are allowed to become the tools of the most

powerful people, the groups will not fulfill the purposes for which they were
created.
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Interagency Cooperation

To getincreasesin production, fanners must have access to increased amounts of
their non-water inputs. For this to happen, there is a need for interagency
cooperation — cooperationbetween the irrigation agencies, the extensiondepart-
ment and the credit agencies. Such cooperation needs to be enhanced in all the
systems studied. While someform of institutionalinfrastructurefor such coordi-
nation doesexistin all the study areas, there isstill a need to energizeand activate
the system with appropriate management innovations evolved through applied
research.

Training

The level of training of farmers, fanner leaders and agency managerson irrigation
managementwas noted to be inadequate. Training courseson irrigation manage-
ment generally cover (with varying levels of effectiveness) technical aspects of
water management and crop production. Modules on communication, coordina-
tion, cooperation, leadership development, human relations and other related
aspects of management are not given much emphasis. Further training on
sustainingtheinstitutionalinfrastructure formanagementisgenerally not included
in the overall project O&M budget.

Ownership and Management Patterns

The study indicates that under similar agro-ecological conditions (i.e., excluding
the BIADP tubewellswhicharelocatedin the Barind area), there is somewhatbetter
performance of DTWs under private (versus BADC rental group) ownership and
management in terms of area irrigated, yield per hectare, irrigation fee collection
efficiency, O&M costs per hectare, etc. (Table 12). This private management,
however, has charged higher irrigation fees per hectare. Because the sample size
was small, statistical tests of the differences in performance were not possible, so
no strong judgements can be made on the relatively better performance of DTWs
under private ownership and management.

Choice of Crop

Under the G-K Gravity Irrigation System, the option for growing rabi crops under
irrigatedconditionsis unavailable atpresentbecause thesystemis kept inoperative
during winter when such crops mightbe grown in order to overhaul machinesand
pumps. Under the DTWs irrigation systems, farmers can use irrigation water to
grow rabi crops as a substitute for boro rice or in addition to growinga late (braus)
rice crop. It has been observed that farmers do not generally grow rabi crops as
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Table 12. Average irrigated area, yield, O&M cost, irrigation fee and irrigation fee collection

efficiency ¢ DTWSs irrigation under alternate management under similar agro-
ecological conditions in the Mohanpur area of Rajshahi District.

System Average Average yield Average \verage ‘rigation

and irrigated per hectare (intons) | O&M cost | trigation | e collection

location area per per hectare | ee per fficiency
well (ha) Crop Farmers | (in taka) \ectare percentage)

cut reported n taka)

BALX rental 22.76 3.94 385 2,460 2,287 79

DTWs with

RAKUB

participation

Rajshahi

BALX rental 21.59 341 3.82 2,005 3,273 96

DTWs without

RAKUB

participation

Rajshahi

Private DTWs 23.66 4.75 4.12 1.891 3,929 98

Rajshahi

substitutes for rice. Islam, (1990) identifies the following factors that discourage
NBT System farmers from growing wheat:

a) problems of seed storage due to insect attack;

b) uncertain irrigation water supply resulting from electricity failures;

c) problemsof threshingbecauseof wetweather at the time of harvestingand
lack of threshing services;

d) problems of turn-around period; and

e) decliningyield and low output prices.

The declining yield and low output price were the main reasons for fanners'
unwillingnessto grow wheat. Interms of cost-benefitratios, rice (Purbachivariety)
is superior to wheat and other upland crops such as millet and sesame. This is
supported by a comprehensive agriculture sector review conducted recently
(UNDP1989). Thereview points out that, given the presentconfiguration of input
and output prices, Boro (rice)remains a relatively profitable winter crop. Pulses,
oil seeds, mustard and other boro-competing crops areat a competitive disadvan-
tage which is not likely to be removed by any foreseeable increase in prices or
improvement of yields.
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CANALROTATIONAND MINIMUM IRRIGATEDCROP ACRE-
AGE EXPERIMENTS

Rotation

As the Ganges-Kobadak System does not have adequate water to meet the water
in relation to the total needs of its command area, a nine-day rotation (withthree
days of flow followed by six days off) among secondaries has been followed for
some years.

However, this rotation system had faced a number of problemswhich included:
(i)nonobservance of rotation amongtertiaries; (ii)deterioratedcondition of canals
and fieldchannels; (iii)unauthorizedcutsin canals; (iv)poor conditionof hydraulic
structures as well as of some bridges and culverts; (v) absence of farmers'
organizations and participation; and (vi)a general lack of communication and
interaction between farmers and project officials.

In 1990, the ten-day rotation (fivedayswith water followed by five days without
water) was introduced. The secondary canal chosen (denoted as S8K) was one of
the more problem-ridden parts of the G-K System. Project officials arranged for
repairs of this canal and its control structuresand devised a system to ensure that
theten-dayrotationcouldbe strictlyobserved. Alongwith research team members,
they made special efforts to keep the farmers along the secondary canal informed
and to encourage their participation. In addition to numerous field visits, these
effortsincluded a field workshopheld in a centrally located village along S8K. At
this workshop farmerswere able to voice their concerns as well as participate in
decisionsregarding their (andthe Project's) responsibilitiesin the rotation scheme.
A good deal of cooperation between farmers and officials and among farmers of
different tertiaries (notably absent in previous years, with head-end tertiaries
taking all of the water) followed this workshop.

The impact of the rotation experimenton S8K has been highly positive in terms
of areairrigated, yield and equity. Of course, the sustainability of thisimprovement
in future seasons remains to be seen.

Areairrigated. Areaimgated under S8Kinthe 1990Kharif-I seasonincreased to 528
hectares from 54 hectares in 1989 Kharif-I (Table 13) — anincrease of 877 percent.
This record of achievementat the macro level is supported by data collected from
the sample fanners (Table 14). It isnoted that the farmersincluded in the sample
cultivated a total of only 1.6 ha in the Kharif-I season of 1989, as against20.8 ha in
1990 — anincrease of 1,170 percent. Seventy-fivepercent of the 1990target of the
Water Board on this secondary has been achieved as againstan achievement of 61
percent in 1989.



202

Table 13. Area irrigated in S8K in 1990 {in hectares).

1989 Kharif-I 1990 Kharif-1
Tertiary  Target Area imgated Target Avrea irrigated
(=T area area
Area Percent of Area  Percent of
target area target area
TI 132.38 21.56 16.3 121.45 120.40 99.1
T2 236.84 2797 11.8 238.46 179.49 75.3
T3 178.13 331 1.8 174.08 130.93 75.2
T4 90.28 1.33 1.5 103.64 97.14 93.7
Total 637.63 54.00 8.5 637.63 527.96 82.8

Table 14. Area irrigated by samplefarmers finhectares),

Head Middle Tail All sample
Tertiary farmers

=T) 1989 1990 1989 1990 1989 1990 1989 1950

TI 0.47 1.68 0.50 1.94 - 0.85 0.97 4.47
T2 0.27 1.40 1.74 1.67 0.27 4.81
T3 0.40 230 2.03 1.20 0.40 5.53
T4 3.49 1.61 0.90 6.00
Total 114 887 0.50 7.32 4.62 164 20.81

Equity. The distribution of water among different tertiaries and among head,
middle, and tail farmers along the various field channels has also become much
moreequitable. Table15shows thatin 1989, farmers of T4irrigated only 2.5 percent
of all land actually irrigated along $8K. In 1990, their share of total land irrigated
increased to 18.4percent. The T4 target had been 16.3percent of the total S8K target.
While this tail tertiary did not quite fulfill its own absolute target it did well in
relation to its upstream tertiary neighbors. The position of T3 farmers also
improved dramaticallybut not as much as that of the T4 farmers (an improvement
from 3.1 percent of total S8K irrigated area in 1989to 24.8 percent in 1990 —the T3
1990targeted share, however, was 27.3 percent). In addition, the share of tail-end
farmers within each tertiary has improved substantially where it is shown; while
they did not cultivate any land under irrigated crops in Kharif-1 in 1989, they
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irrigated 4.6 ha of land in 1990 (22.2 percent of land imgated by the full sample of
head, middle and tail farmers). Furthermore, dl of the sample tail-end farmers
reported that they received sufficient water during the Kharif-I season.

Table 15. Distribution of irrigated land among different tertiaries (in hectares) in 1989and 199¢.

1989 Kharif-I 1990 Kharif-1
Tertiary (= T) Area irrigated 1 Area irrigated (%)
tha) (ha)
TI 21.56 39.93 120.45 22.81
T2 27.97 51.81 179.49 33.99
T3 3.13 5.80 130.93 24.80
T4 133 2.46 97.14 18.40
Total 54.00 100.00 527.96 100.00

Minimum Irrigated Cropped Acreage

The results of the other experiment to increase irrigation coverage, the minimum
irrigated cropped acreage (MICA)and the trial conducted in the North Bangladesh
Tubewell Project (NBTP),are not aspositive asthose of rotation in the G-K System.
However, it also shows potential for improving system performance through
management changes and farmer involvement.

A great number of deep tubewells(DTWs) in Bangladesh, including the wells of
the NBTP tend to imgate much lessthan their technically practical command areas.
Among the reasons for this tubewell underutilizationare: () disruptions in DTW
operation due to faulty power supplies, inadequate maintenance, etc., and (b}
farmer organizational problems that create severe inequities in access to reliable
supplies of water.

To encourage farmers at these tubewells to work together and promote more
interaction between farmer groups and agency officials, the research project made
a policy suggestion that BWDB adopt a minimum imgated cropped acreage
system. Under this system the farmer groups would indent for irrigated water
before a given season but the agency would only operate the well if some pre-
determined minimum acreagewas to be serviced. The rationalewas that itwould
put pressure on each farmer group to solve at least some of its organizational
problems that may have constrained the spread of irrigation in the past. Those few
farmers who were normally using tubewell water, would have to accommodate
other farmers' demands if anyone at all were to receive water. The agency, at the
same time, would have to make strong efforts to improve the reliability of the
operation of those tubewells where a minimum number of cropped acres are
enlisted for an irrigation season.
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Serious implementation of the MICA policy did not begin until the Aus season
of 1990. At that time the project officials and the research team made efforts to
communicate the new system to the irrigators. Project officials and extension
personnel spread word about MICA, primarily through the KSS leaders. Agency
officers and members of the research team also held a series of field workshops
aimed at explaining the program and getting a feedback from the farmers.

While participation did increase to some extent with the spread of MICA, the
water demand indentsystem was easily abused as fanner groupsonly had to claim
that they would be irrigating the minimum number of acres for the water to be
turned on for the season. No systemwas devised for stopping the operation of the
well during the seasonif the number of irrigationacresclaimed did not materialize.
In addition, the Project's ability or will to enforce sanctionsagainst noncomplying
tubewell groups was under some doubt though a formal test of that ability was
avoided due to the manner in which the indent system operated.

Some of the impacts d the minimum irrigated cropped acreage experiment are
as follows:

i. Area irrigated. Information on area irrigated is available from the 16
sample DTWs and from 80 others — all of the latter are located in
Thakurgaon Upazila. Four of the sample DTWs arealso from Thakurgaon.
It has been found that of 80 DTWSs of Thakurgaon, 3 were out of operation,
21 were able to achieve their minimum irrigated area targets, 15 were
reported (asof May 15,1990)to be expectedto fulfill their MICA targets and
41 (53percent) did not achieve MICA targets (Table 16). Of the 16 DTWs
examinedby theIIMI-IRRI researchteam,5could notachieve MICA targets
while 11fulfilled their minimum targets (Table16). Major reasons cited for
nonfulfillment of MICA targets are:

a)  Poor canal conditions;

b)  Sandy soils;

c)  Weak farmers' organization; and

d)  Cultivation of wheat in some command areas.

Table 16. Utilization status of Thakurgaon Upazila DTWs and sample DTWs (of NBTP} in
relation to MICA implementation in the Kharif-I season of 1990.

DTW category| Total Number out | Number in | Number Number Number Number not
number of | of operation| operation | under meeting expected nof meeting
DTWs BADC farm| MICA meeting MICA
target MICA target
target
Thakurgaon ®
Upazila DTWs 80 5 75 2 19 14 40
Sample DTWs 16 - 16 - 11 - 4

* In Thakurgaon, there were 84 TXTWs of which 4 were included i the sample
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Table 17. Per DTW average MICA target, average actual area irrigated under MICA and average
actual area irrigated before MICA (average for three years - 1987,1988 and 1989) of
research DTWs and outside research (Thakurgaon) DTWS,

Average Average Average Difference
MICA actual irri-  irrigated between MICA
DTWs Category target gated area  areabefore and Pre-MICA
(ha under MICA (ha) acreage (ha)
MICA (ha)
A. Research DTWs
i. Those met MICA 15.61 19.83 16.90 293¢
(N=11) (N=11) (N=11)
i. Those did not 15.61 7.20 3.67 3.53
meet MICA (N=5) (N=5) (N=4) (N=4 )
Average 1561 15.88 13.37 251°

(N=16) (N=16) (N=15)

3.0utside research
(Thakurgaon) DTWs

i. Those met MICA 17.00 22.00 14.25 773
(N=19) (N=19) (N=19)

..Those did not 15.10 7.30 6.66 067’
meet MICA (N=37) (N=39) (N=33)
Average 15.74 12.12 934 2.78”
(N=56) (N=58} {N=51)
CA+TB
i. Those met MICA 16.49 21.20 15.26 5,674
(N=30) (N=30) {N=29)
i. Those did not 15.16 7.28 6.33 1.17*
meet MICA (N=42) {N=44) (N=37)
Average 15.72 12.93 10.26 267

(N=72) (N=74) (N=66)

Source: From outside research (Thakurgaon)DTWs ,compiled from official record. For research DTWs,
field survey data.
DTW = Deep tubewell.
MICA = Minimunm irrigated crop acreage. ‘No statistical test was done.
*MSignificant at 1 percentlevel.
*Significant at 10 percent level.
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b)

Table 17shows average area irrigated by the DTWs. It shows that those
research DTWswhich achieved MICA targets irrigated more area than that
in the Kharif-1 seasons of the past three years. Although the unsuccessful
research DTWSs covered only about 50 percent of their MICA targets they
alsoirrigated more land than they did in the previous years. Likewise, the
successfulnon-researchDTWsof Thakurgaon, performed better than inthe
previous three years. Even those non-research DTWs which failed to
achieve MICA targets by even 50 percent have, in general, irrigated more
land thanin the past. Twogeneral picturesemerge from Table 16and Table
17.

The research DTWs have performed relatively better than those non-
researchwellsindicatingthattheaction-researchcomponent(involvingthe
field workshops and the frequent presence of the research team at the
sample tubewells) of the study achieved some success. If the component
had been started ontime (aspectsof actionresearchwerestarted rather late)
its success could have been more prominent.

As an approach to ensure optimal utilization of DTWSs, MICA indicates the
potential for increasing command area in the NBTP.

Yield. Almostall farmersunder the study grew the Purbachi variety of rice.
Yield records obtained through crop-cutsshowed that yield in the research
DTWsvariedfrom4.3t07.9t/ha (fromthedatathat wentintotheaverages
shownin Table 18).In general, DTWs which were not able to achievetheir
MICAtargets achieved loweryields than those DTWswhich eitherreached
orexceeded theirminimumirrigated areatargets. Comparabledataarenot
availablefor non-research DTWs for the same season, i.e., Kharif-1 of 1990.
However, some area data collected for several past seasons by the BRRI-
BWDB-IRRI research project showed ayield per hectare of 3.6t0 4.2 tons.

Equity. Inthe sample DTWs, the equity situation has neither deteriorated
nor improved over the years (Tables 19and 20). The distribution patterns
of irrigated land among head, middle and tail farmers and among small,
medium and large farmers in 1989-90 are not, in general, different from
what they were in the past years. Interm of average yield per hectare, the
head farmers of both groups of DTWs (those fulfilling MICA targets and
those failingto fulfill their targets) have achieved the most, followedby the
middle farmers. The tail farmers have achieved the lowest yield (Table 18).
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Table 18. Yield per hectare of land under research DTWs (in tons).

Categories Head Middle Tail Total average Difference between
farmers farmers fanners of head, middle yields ofhead and
and tail’ middle farmers
Thosemet MICA| 6.54 5.78 4.86 5.54 1.68*+
target
Thase did not 5.43 5.09 424 4.86 1.19%*
meet MICA
target
DTWs = Deep tubewells.

[ ||

MICA = Minimum irrigated crop acreage.
**+ Significantat 1 percent level.
Test conducted between the total averages shows that the difference is significant at 1 percent level.

Table 19. Distribution of irrigated land d sample farmers by their location in different years (in

percentages).

Year Head Middle Tail Total
1989-90 404 318 278 100.00
1988-89 40.2 322 276 100.00
1987-88 415 339 24.6 100.00
1986-87 441 318 248 100.00

Table 20. Distribution d irrigated land of samplefarmers by their farm sizes in differentyears (in

percentages).
Year SF MF LF Total
1989-90 121 59.6 28.3 100.00
1988-89 125 59.9 276 100.00
1987-88 110 57.6 313 100.00
1986-87 86 61.3 30.1 100.00
SF = Small farmers, having operated land from 0.02 to 1.01hectares.
MF = Middle fanners, having operated land from 1.02t0 3.03 hectares
LF = Large farmers, having operated land of 3.04hectares and above.

Operated land = Owned land + rented in land -rented out land.
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CONCLUSIONS AND RECOMMENDATIONS

The research findings of the IIMI-IRRI project strongly suggest that there is great
scope for substantial improvement of Bangladesh’s rice-based imgation systems
through improved management. The improved management should involve
willingand active participationdf irrigator farmersand irrigation managers —the
two major partners in the systems.

Thefarmerscan meaningfullyparticipatein (a)taking moreresponsibilityto pay
more forimgation; (b} assuming more responsibility to organize and perform O&M
tasks; (c) giving more feedback to irrigation officers on the field performance of
systems; and (d) exertinggreater influence on decisionsinvolvingwater allocation
and scheduling (Taylor and Wickham 1976). Sin¢e farmers’ participation can
become more predictable, productive and sustainableif they participate in groups
throughsomeformof organizationsthan onanindividualbasis, (particularlyinthe
Bangladesh contextof smalland fragmentedlandholdings),farmers’ organizations
should be developed, nurtured and sustained. While developing farmers’organi-
zations care should be taken so that their irrigationemphasis is clear; principles of
equity (Bromley, Taylor and Parker 1980)are followed soas to give representation
to a cross section of farmers; they are organized on the basis of hydraulic
characteristics of irrigation systems; some sort of quasi-ownership of the systems
is given to the organizations (pending, in some cases, real and total ownership
eventually); farmers, especially the farmerleaders,areprovided with sometraining
on socio-technical aspectsof management, etc.

It would be useful if irrigation managers could participate in the improved
management process not as administrators of the bureaucratic tradition but as
managers with a participatory style. If farmer participation is to be effective,
managers must first accept the idea that improved systemmanagement is depen-
dent on that farmer participation. AS demonstrated in the rotation and MICA
experiments, managers can help initiate effective agency-farmer interaction,com-
munication and cooperation. Farmer participation can be enhanced if imgation
agencies or managers can ensure an adequate supply of water to the system
delivered in a timely and certain manner. Irrigation managers need also to
appreciate theusefulnessofcooperationwithother l ineagenciesandakeinitiatives
in that direction. To do all these, many irrigation managers could use training on
various socio-institutionalaspects of irrigation management.

Research, specifically action research with real participationby irrigation agen-
ciesand farmers, isneeded to evolve and implement managementinnovations for
the improvement of system performance of rice-based irrigation systems in
Bangladesh. Somebasisforsuchresearchhas alreadybeencreated inthe IIMI-IRRI
collaborative research. Action research on rotation in the G-K System and in
minimum irrigated crop acreage (MICA)in the NBTP could usefully be continued
and command area development (CAD)research could be started in the Rajshahi
DTW irrigation systems. BWDB, BADC and Rajshahi Krishi Unnayan Bank
(Rajshahi Agricultural Development Bank RAKUB) can meaningfully participate
in this research. Eventually, other line agencies such as the Bangladesh Rural
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Development Board (BRDB)and the Directorate of Agricultural Extension (DAE)
might be included in the research network.

In regard to system finances, it is increasingly becoming clear that the Govern-
ment of Bangladeshwillbetotally withdrawing its current subsidies on O&M costs.
Both agency managers and imgators must adapt to these changing conditions.
Needed changes include the development of a system of fee assessment and
collection so that collection efficiencies can be raised. At the same time there is a
need to increase the efficiency dof the systemsso as to reduce O&M costs. Farmer
participation in system management can reduce O&M costs and financial au-
tonomy of irrigation agencies can lead to better collectionefficiency. Full or partial
financial autonomy of the irrigation agencies could usefully be explored —along
with ways to increase farmer involvementin irrigation management.

Growingriceunderirrigatedagricultureisstillprofitablebuthe declining trend
inthisprofitabilityislikely tocontinuegiventhegovemmentpolicy of withdrawing
subsidieson agricultural inputs and raising the price of fuel. The productivity of
land and other inputs must be increased to face this situation and for irrigated
agriculture to be sustained because output prices may not keep pace with the rise
ininputpricesduetothe influence of various macro-economicand political factors.
Increasing the productivity of inputs is going to be an important task of imgation
management.

Increasing theadoptionofnonriceimgatedcropsirthe dry seasonasasubstitute
forbororice, however, faces some obstacles at present because of domesticdemand
patterns that are highly rice-oriented. In this situation, using price policy to
encouragefarmers to grow rabi crops might not be very effective. Accordingtoa
UNDP document(1989)"..... using price policy to encouragediversificationis likely
to be a self-defeating enterprise, since at the price level required, demand is likely
to vanish. For example, it would take a price increase of nearly 60 percent to make
mustard competitive with HYV Boro; kheshari would require a 300 percent price
increase for the same purpose.” Crop diversification however, is likely, to become
more important in the future as Bangladesh approaches self-sufficiency in rice
production and as demand grows for vegetables, etc. This expected growth of
nonrice crops is likely to raise various socio-institutional issues as regards the
management of irrigation water as system managers struggle with providing for
the diverse water needs o different crops.
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OVERVIEW OF THE STUDY

THissTuDY was part of a two-year Phase II research and development program,
funded mainly by the Asian Development Bank and the Ford Foundation. A grant
from the Rockefeller Foundation enabled IIMI to conduct additional activitieswith
particular emphasison crop diversification and dry-season irrigation.

The observations made in this study were conducted in the 7,800 ha Cikeusik
Irrigation Systemin the Cirebon Regency of WestJava (Figure1).It isa large-scale
lowland irrigation system originally designed primarily for rice cultivation in
rotation with sugarcaneproduction. This traditional crop rotation has stimulated
palawija (seasonal nonrice crop) production in the irrigable area of the system,
includingsuch cropsas red onion, chili, greenbean, mung bean, and groundnut —
in rotation with rice and sugarcane.

Thisstudy has focused on two key aspectswhich have profoundimpactson dry-
season irrigation management performance: the annual crop plan process and
rotational irrigation.

In Indonesia, Rencan Tata Tanam Tahunan (theannual crop plan) is an adminis-
trative arrangementfor coordinatingamong localgovernment, the agricultureand
irrigation services, and offices responsible for local security. The purpose is to
obtain a consensus about crop areas and planting schedules, as well as annual
dryinginthe Provincial Irrigation Service(PRIS) systems. Sucha consensusshould
satisfynationalagriculturalobjectivesaswell as theaspirationsof farmerswhoface
local constraints, risks, and incentives. The annual plan requires coordination
between government agencies at kabupaten (theregency) and kecamatan (district)
levels, and village officials and water users’ associations at the village level. The
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primary interest of local government and the agriculture service in the plan is the
achieved crop targets, which are handed down from the province level and reflect
national priorities. The primary concern of the provincial irrigation service is to
propose crop areas which it expectsto be able to irrigate, within anticipated water
supply and distribution constraints. This study compared the official plan process
with actual implementationin the field to determine management constraintsand
potential for improvement through the identification of alternative approaches,
which are suggested for further field-testing.

The second component analyzed conventional rotational irrigation in the
Maneungteung Systemand included pilot testing of the formationand implemen-
tation of a modified approach to rotational irrigation. The objectives were: a) to
analyzecurrent rotation practices, b) to developand field-testanimprovedrotation
system, and c) to identifyimproved rotational methods which might have broader
relevance in Indonesia, especially in rice-based systems undergoing crop divers-
fication.

THE RELEVANCE OF MANAGEABILITY

Sincebothcropplanandrotational irrigationcontainimportantgovernmentpolicy
objectives (inshort, productive and equitableirrigated agriculture), it follows that
it is in the interest of the government to see that these processes are, in fact,
manageable ones.

Thispaper assumesa standard definition of management,which is, "the process
of setting and achieving objectives through the acquisition and utilization of
resources.” Good management performance is the "efficientand effective acquisi-
tion and utilization of resources to achieve organization objectives." Seven
standard elements are generally referred to as required ingredients in making,
human enterprises manageable (Figure2). These are:

1. Clear objectives. They should be specific and unifoermly understood by
staff, there should not be dual or conflicting official versus unofficial
objectives, and objectives should be altered as the situation requires;

2. Implementation procedures. They should be practical and realistic to
imple ment, given the resource and skill constraints;

3. Adequate resources. Staff,skills,technology, funds, materials, water, land
and other inputs should be sufficient to accomplish the objectives at an
acceptable level of efficiency;

4. Control. Managersshould be able to ensure that the acquisition and use of
resources leads to the achievement of objectives; it should be possible to
attribute management activities and results to individual managers and
staff and staff should not be held accountable for any outcome which goes
beyond their control;
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5. Incentives. There shouldbepositiveandnegativeinducements for manag-
ers and staff to be motivated to achieve the objectivesd the organization;

6. Measurable performance. It should be possible to document and know
what the outcomes of management are and whether or not the objectives
were achieved; and

7. Adaptability. Organizationsmust be able to change any of the above six
elementsas changingconditionsrequire it —either in order to continue to
achieveobjectives under new conditions,to achieve them more effectively
orefficiently,orto achievenew objectivespertaining to new organizational
purposes.

For prominent sources on these management ideas, see for example, Drucker
(1979), Anthony (1988), and Israel (1989). For an example of application of
management science to irrigation, see R. Chambers (1988).

Figure 2. Sewn essential elements of a manageable enterprise.

A Manageable Enterprise

7. Adaptability

6. Measurable Performance

5. Incentives

4. Control

3. Adequate Resources

2. Implementable Procedures

1. Clear Objectives
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MAJORFINDINGS
The Crop Plan

Objectives and procedures of the plan. The objective of the annual crop plan process
is to plan and implement crop area configurations and planting times which are
reasonably consistent with farmer preferences, with predicted irrigation supply
constraints, and with government policy crop targets. In most areas of irrigated
agriculturein Indonesia, rice isthe standard crop for wet season. Hence, the more
importantand problematicpart of the cropplan isthat dealingwith thedry season.

Each year the national and provincial level offices of Departemen Pertanian (the
Agriculture Department) prepare annual targets for different crop types. While
these targets are being disaggregated down to the level of regency imgation
committees, thebottom-up process of assemblinga Water Users' Association (P3A
or WUA)plantingproposals for the nextyear alsoshould be underway. According
to regulations,the WUAs should hold a meeting and decide on crop areas for the
coming year, beginning from the dry season and running through the following
rainy season. The fanner proposals are transmitted to the village agricultural
officer. This officer assembles a report for each block or WUA in the village and
reports theproposalsto juru pengairan (theirrigationinspector)and theagricultural
extension officer (PPI).

The inspector should collect the proposals for all WUAs in his area and report
to the PRIS subsection head, at the district level. The subsection head revises the
proposalsbased on considerations of demand /supply constraints,and passes on
anaggregateproposalreport to the PRIS subsectionhead, which specifiesexpected
supply conditions per secondary canal per system.

A draft proposal is made at the district level and submitted to the regency
irrigation committee, where the plan is discussed and approved by the bupati
(regencyhead). At this level the plan is in the form of crop areas per district and
village, not per tertiary block. The plan is sent to each district where village- and
block-level targets are set. The village agricultural officers should be informed of
the village- and block-level plan either in meetings at the district office or by
communicationsfrom the irrigation inspector and agriculturalextension agent.

Manageability of the cropplan process. Frominterviewsand observationsdoneby the
Study Team at the section, subsection, and system levels of PRIS, and at the level
of 12 sample tertiary blocks in the Cikeusik System, it is apparent that what is
actually implementedis not alwaysconsistentwith what is officially intended (for
moredetaileddataof findingssee Vermillion and Murray-Rust 1990). Theobjective
of this study was not to find fault, but to determine to what extent the crop plan
process is being implemented, what the management constraints are and what
potential theremightbe forimprovingthe processto achievemore productivedry-
season imgated agriculture.

As observed, the annual crop plan does not appear to be able to adequately
predict supply or demand, or to have a substantial impact on actual cropping
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practices in the field, except where specialinfensive extension effortsare made in
pilot areas, usually by the agriculture service. It does not seem to be a plan with a
mechanism for implementation since the real crop planting decision makers, the
fanners, are generally not included in either proposing the plan or being informed
about it. There are no sanctions applied against unpermitted planting practices.
The tendency to annually report the same proposals which are largely influenced
by the current year’s crop or local multiple-year crop patterns, gives the process a
reactive rather than a directive nature, and may perpetuate inequities in cropping
intensitybetween upper- and lower-endblocks. The processseemsto be anoverly
intensiveadministrativeexercisewhichisbeingimplementedatmuchlowerlevel
of intensity.

The annual crop plan can be assessed relative to the principles of manageabil-
ity as follows:

How clear and specific are the objectives?

The crop plan represents a set of specificand clear objectivesto be implemented
at the systems and at tertiary levels. However, it is not clear what the primary
criteria should be for developing the plan, whether it should be mainly farmer or
block-level aspirations of the farmers, government crop quotas, etc. One key
problem in the current method which based the plan on the block-level expected
crop types for the comingyear is that it perpetuates inequity in cropping intensity
by accepting the status quo both in lower-end and upper-end areas.

How implementable are the procedures?

This is one of the weakest aspects of manageability of the crop plan process, in
that, the original plan announced by the bupati sets crop targets according to
regency and district-level administrative units, not according to tertiary blocks.
This must be disaggregated and realigned according to hydraulic units (which is
often difficultto do). At the farm level, farmers or village-level officials generally
do not find it possible to designate which fields can plant padi or which cannot,
during the dry season. Cropplanconfigurations withinandbetween theblocksare
not based on considerations about difficulty of estimating irrigation requirements
and delivering appropriate amounts to areas with diversified cropping patterns
within and between blocks.

How measurable are the results?
Itisnotdifficultto measure the results {i.e., actual crop areas) and thisisaroutine

practice. The only problem hereisthequestionof whether or not areaestimatesand
block maps exist or are accurate.
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How adequate are the resources?

Staff, transportationandotherresourcesforthe tasks of collectingcropandwater
data and holding the prescribed extension meetingsappear to be adequate, except
for the low staff-pay levels.

How controllableis it?

Controlisthe other weakest aspectof the manageability of thecropplan. Clearly
farmers generally decide on which crops to plant for any given season. This is
usually donewithout aknowledgeof, or referenceto, the crop plan. Anotheraspect
of poor control is the weak and only indirect link between prescribed PRIS
management tasks relative to the plan and the outcome which is expected.
Collecting crop and water data and announcing a crop plan to farmer representa-
tives constitute a long step removed from actually seeing which crops get planted
and when.

How accountableare the staff?

PRIS staff (especiallyinspectors)are reasonably accountableto their supervisors
for the data and extension work due to the prevalence of weekly or biweekly
meetings. However the subsection chief must alsovisit the field frequentlyin order
to independently evaluate reports of the inspectors.

How supportive are staff incentives?

The low salary scales and outside income-earning of field operations staff
weaken the incentive of inspectorsto visit all the village agricultural officers for
their input and to extend information to them about the plan. A low transport
allowance to subsection chiefs may inhibit frequent field supervision. On the
farmers' side, there is a wide number of local incentives which they consider in
actually making a decision such as which crop to plant, perceived availability of
water, drainability of soils,land tenure, threat of pestattack,perceivedprofitability,
etc. However, farmer decision-making data suggest that the availability and
drainability of irrigationwater in the dry season are prominent factors in deciding
whether to plant rice or nonrice crops (see Figures 3 and 4). This is usually
considered and acted upon by farmerswho are oblivious to the crop plan.

How manageable is the crop plan process?

The crop plan process isalmostimpossibleto implementas planned, because of
the difficulty of adapting administrative-baseddata to hydraulic units and the lack
of agency control over crop decisions. Perhaps the crop "plan*should be reconsid-
eredasa"guide,"instead of a "plan,” which impliesadirectconnectionbetweenstaff
action and desired result.
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Figure 3. Farmer decision model to plant pndi or palawija, Jasem 7 Blo, West Java, for the first
planting period ¢ 1986 dry season (Gadu 1).
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Figure 4.

Farmer decision model to plant padi or plawija, farot 2 Block, Central Java, for the first
planting period 0f1986 dry season (Gadu 1}.
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Rotational Irrigation

Objectivesand plan. There are three primary reasons why rotational irrigation is
practiced 1)shortage of water to meet irrigation requirements, 2) conveyance
difficultieswhen discharges are significantlybelow design capacity of canals, and
3) the need to avoid overirrigating nonrice crops that are susceptible to yield
reduction under conditions of excess water. This paper focuses on the first two
reasons because they involve modificationsto normal operating practices of rice-
based irrigation systems. Rotationsfor agronomic reasons are usually conducted
at farm or field levels and are therefore normally outside the operational jurisdic-
tion of irrigation agencies.

The objectives of rotational irrigation are different from those of irrigation
management when water is in sufficientsupply to meet all or most of crop water
requirements. During rotation, the basis for water allocationwhich pertains under
continuous flow,isnolongervalid and anew set of rulesisapplied. Thealtematives
most often considered by system managers are:

1. Allocationbased on proportionality of crop demand, i.e., where water is
allocated in proportion to actual field-level demand, so that rotation unit
sizes and locations are arranged to have similar water demands per
standard unit of time, and will receive a fixed percentage of total available
water; or

2. Allocationbased on equity of proportional areas, where water is allocated
inproportionto the total irrigablearea (regardlessofcroptype), so that each
farmer has equal access to scarce water supplies.

If the first alternative is adopted it is unlikely that the system will meet equity
objectivesbecause water is allocated in response to the proportion of area that has
already been planted. Farmers who are able to plant crops before water shortages
occur receive a larger share of water during rotation because they have a larger
share of demand. Thistrend is particularly clear where head-end farmers are able
to plant and establish rice crops. Despite the inequity caused by this management
default, this situationmaybe more efficientin terms of production per unit volume
of water because the irrigated area is concentrated and conveyance losses will be
lower than if the whole systemisirrigated at a lower cropping intensity. However,
this was not a policy or objective in West Java at the time of this activity.

Adopting equity as the primary objective may require greater management
inputs from the irrigation agency: head-end offtakes have to be closely monitored
toensurethey donotreceivemore than their fair share, and therewillbemoregates
and structures to be included in the overall gate monitoring program. However,
the net result ought to be that more farmers get water for at least some of their land
and this has particular meritin places where farmers have limited off-farm income
sources during the dry season and where water usersare expected to pay some or
all of the system O&M costs.
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Overtime, inawell-managed systemthat has equity asthe major objective, these
two alternatives will coincide: water will be allocated on the basis of the total
irrigableareaand farmerswill adjustdry-season croppingplans to meet this overall
condition.

Rotations can be implemented at a number of differentlevels in the system. The
three most common levels are: rotation within tertiary blocks, rotation between
tertiary blocks along secondary canals and rotation between secondary canals (or
groups of tertiary blocks) along the main canal.

For rotation at the main system level, the entire systemis divided into rotational
units comprised of different secondary canals and groups of tertiary blocks.
Tertiaryblocks in each rotational unit may be scheduled to receive water simulta-
neously or subrotations between tertiary blocks within a rotational unit may occur
between turns of the rotation units. If so, the two levels are usually planned and
implemented wholly independently of each other. The arrangement of rotational
units largely determines the extent to which crop demand or area equity takes
priority. If meeting crop demand is the dominant priority, then each unit should
have approximatelythesametotal water requirement. If equity isthemainconcern,
then each unit will have roughly the sameirrigablearea. Of course, either criterion
may be modified to accountfor the differentialeffect of conveyance losses accord-
ing to distances of blocks from the top of the system.

Manageability  the conventional rotation. For implementation of a rotation to be
practical and still provide basic access to water, it must be based upon local system
design and institutional constraints, rather than on simple administrative bound-
aries or agricultural quotas. From repeated day-and-nightinspectionsand inter-
views with PRIS staff and farmers during the 1988rotation in the Maneungteung
System, the following observations were made:

1. The rotation did not have specific objectives or criteria to justify its
conventional configuration of tertiary blocks (in fact, the PRIS subsection
staff did not know the basis for its origin, which preceded their time in
office);

2. Boundaries of rotation units were not always at locationswhere there was
apropercontrolstructure, making it difficulttoprevent flowsintoareasnot
scheduled for irrigation;

3. Thelength of a canal section to be filled with water on a single day ranged
from 12,458 meters on Wednesdaysto 23,074 meters on Sundays, meaning
that tertiary blocks at the tail end of long sections were highly unlikely to
receive their planned share of water;

4. One case was observed where the upper end of a canal was scheduled for
water on one day, drained completely the next day, and then water sent to
the tail sectionon the third day, wasting scarcewater in filling and draining
canal sections unnecessarily;
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10.

11

There were a large number of gates, often in disparate locations, which
needed to be monitored and operated,;

Rotation unit sizesand relative water demand were very unequal and not
in continguous units (making control difficult);

Therewas virtually no monitoringby the PRIS o where the water actually
went;

Gates were often manipulated and canals blocked by self-interested farm-
ers;

Staff received no bonusesand had littleincentivefor the intensiveday-and-
night tasks required to implementthe rotation properly (monthly salaries
of irrigation inspectorswere the equivalent of about US$40 to US$50 per
month plus rice. Salaries for gatekeeperswere about US$15, some of whom
received rice as well);

There was inadequate policing, farmers were not involved; and

Therewas no sanctionagainstwater theft, which wasvery frequent (head-
end tertiarieshad a higher proportion of observations of unplanned water
deliveries).(Detaileddataof findingsof this study can be found in Murray-
Rust, Vermillion and Sudarmanto 1990).

THE POTENTIAL FOR IMPROVING DRY-SEASON IRRIGA-
TION MANAGEMENT

Alternative Approaches to the Crop Plan Process

Thefollowingpointsaresuggested by the findingsof the Study Teamfordiscussion
and for consideration as possible elements in future field experiments aimed at
improving the crop plan process.

1.

Perhaps there should be three seasonsin the plan, rather than the current
two seasons, because of the now widespread occurrence of three planting
seasons iN many parts of Javaand elsewhere in Indonesia.

There need to be meetings of the irrigationcommitteeat the district level in

March and July to discuss the plan and possible revisions due to more
recent information on weather and supply predictions at the outset and
during the dry season. Thecommitteeshouldreview lastyear'sdifferences
between the planned and actual targets in order to have a better learning
mechanism at this level for making future adjustments.
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3. At least one annual meeting of WUA heads and/or village agriculture
officers is needed per irrigation system or river course management unit,
at the subsection officeimmediatelyprior todry seasonsto discussthe crop
plan, system and block-level water allocations and rules for adjustment if
shortages occur.Irrigation rotation plans could also be discussed in the
meeting. Themeetingsshouldbebased on hydraulicor management units
and would aim at coordination between WUAs and dissemination about
the plan and agreed revisions thereof.

4. The official block and system imgation design areas should be either
revised or not be used for planning and distributingirrigation water. The
functional area should be used instead and be revised yearly. The func-
tional area should be used both for the annual plan process and system
operations and should not be related to PRIS budgets.

5. Itwould be helpful for PRIS to initiate a routine program at thesectionlevel
to take temporary stream flow estimates in the dry and rainy seasons in
suppletions or other significant unmeasured water sources which are
tapped into irrigation Systems, roughly calibrating water depth with
approximate discharges.

6. DOI and PRIS need to obtain better or more complete information on
palawija crop water requirements, especially for higher water consump-
tive crops such as red onion. Some of these should be given a special
designationasunpermitted palawija crops. Standardinformationneeds to
be disseminated throughout PRISaboutwhich palawija cropsare high and
which are low-water consumptive.

An alternative management approach. An alternativeapproach to the current crop
plan process would be for the PRISto restrictits role more to that of managing the
supply of irrigation water to the tertiary outlets of its systems. It would be better
able to set clear and implementable objectives, for which it retains control and
accountability,if it were to focus on acquiring, estimating, communicating, moni-
toring and delivering agreed water allocations to certain locations and certain
times. Therewould be advantagestohaving PRISfocusonthe water supplyingand
deliveryfunctionsratherthanbeingengagedintryingto get farmerstoplantcertain
crops or delivering water primarily through reaction to the actual crops planted,
regardless of the plan or supply. Suchasimplified,and more focused role for PRIS
in the crop plan process could involve the following features:

1. PRIScould developa"MinimumSupply Prediction (MSP}" foreach system
as a standard guideline to follow perennially, based on historical supply
averages and minimum frequency acceptable drought risk. PRIS is not
particularly adept at closely predicting water supplies in a variable way
from year to year (andneither is anyoneelse). The MSF would usually be
the same from year to year, but could be revised occasionally due to long-
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term weather changes or better information and ability to approximate
seasonal supply averages.

The MSP would set the parameters for deriving a standard block-level
"Minimum Allocation Prediction (MAP)," which would be a standard,
estimated minimum likely allocationto be availablefor given seasons,from
year to year. The MAP would be very important for the first and second
planting periods d the dry season.

Within the supply constraints estimated by the MAP, any variety of crop
combinations could be selected by farmers. PRIS could develop a menu-
like set of frequent crop combinations per block (inthe form of various
combinations of areas per crop types). It might be termed something like
the Seasonal Advised Crop Combinations (SACC). A separate SACC
would be made for each block per season.

The WUA and/or village agricultural officer would be informed of the
standard seasonal MAP and have copies of the Seasonal Advised Crop
Combinations (SACC) and would use them as standing guidelines for
coordinating crop combinations within the MAP.

The PRIS would notconcemitself with whatevercropsareactually planted
intheblocksaslongastheir irrigationrequirements donot exceed the MAP,
as delineated by the SACC. The PRIS would hold meetings with WUA
representatives prior to both planting periods of dry season and PRIS
would remind WUAs that crop plantings must fit within the MAP as
indicated by the SACC. PRISwould deliver water according to the MAP,
with surpluses being distributed proportionately among blocks.

Under water scarceconditions where the MAP requirements cannot be met
for all blocks, PRIS and the WUAs would have two basic choices. It could
either initiate timed irrigation rotation or it could assign standard versus
priority designations toblocks. The latter option somewhat resembles the
Golongan System. All blocks would take turns between years receiving
block water priority designations, between two levels (only two so as to
remain simple), called priority or standard, for a given dry seascn.

Priority blocks would be given prior guarantee to ensure the MAP is
delivered as long as the Factor K remained above a levelwhere all priority
blocks could be given their MAP delivery. If the supply dropped below
this level, a rotation would begin, but still giving priority to the priority
blocks. Standard blockswould be given residual deliveriesafter the MAP
was ensured for priorityblocks. Thestandardversuspriority designations
would be rotated automatically from year to year. Effortswould be made
toensurethat WUAs, village officers,and all farmerswould know what the
block water designation is each year. However, the total area in priority
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blocks should not be so large (it may only be a third of the system during
a given dry season) as to cause standard blocks to go fallow.

This would eventually become common knowledge and could have the
following beneficial effects: =

I it should help farmers to better assess risks and enhance house
hold-level planning for renting and labor arrangements,

ii. by providing all blocks with priority status periodically, more
blocks would have the opportunity, incentive, and security to at
least periodically take the risk of investingin higher-value,higher
water-consumptivecrops during their priority seasons, thereby
enhancingequity:

1. farmerswould know well in advancewhen their priority yearsare
and could save or prepare to investin higher-value crops before-
hand, and

iv. itshould increasethe system level overallhigh-valuecrop produc-

tion overtime.

Suchanapproachwouldleavetheagricultureservicewiththetaskoftrying
to persuade farmersto plant certain crops, in accordancewith national and
provincial targets and within the parameters of the MSP and MAP. The
agriculture service would have in their possession the system-level MSP
and block-level MAP and SACC as standing guidelineswithin which they
work out favorablecropcombinations. Thisshould not be PRIS’s business.
Agriculture would use the SACC as a menu and work out actual crop
combinations with the farmers.

Under such a scenario the annual crop plan process would not require
annual reports from the farmers through PRISto the sectionlevel concern-
ing crop planned forthecoming year. It would be sufficient for PRIS to keep
the agriculture service and local government informed about the MSP,
MAP, and SACCs, and of possibleadjustmentsto them. PRIS would focus
on estimating communicating,and deliveringthe MSP and MAP. Hence,
the objectives would be clear, specific and implementable; the process
would be controllable by the PRIS staff themselves (unlike the current
situation where the PRIS staff are supposed to have a hand in what crops
actually get planted in the field —which is really beyond their control);
and each inspector would be clearly accountableto develop the MSP and
MAP for the tertiary blocks in his or her area.
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Alternative Approaches to Conventional Rotational Irrigation

With the PRIS deciding to develop a more equitable and manageable form of dry-
season irrigation than had been used in the past, pilot testing of alternative
rotational practices was camed out in the East Maneungteung System in the 1989
dry season. The stepsinvolved in the evolution of the new rotation and its pilot
implementationare listed below:

1.

10.

11.

Monitor and evaluate the previous rotation system and facilitate convey-
ance df views among farmers, Kallr EkBang (villageagricultural officers)
and PRIS staff about problems in the old rotation system;

Diagnose causes for the problems identified through data analysis, semi-
structured interviews and direct field observation;

In discussionswith the various actors involved in the rotation, specify the
variouscriteriaand objectivesexpressed for the rotation (such asequity per
actual cropped area, equity per irrigable area, practicality of implementa-
tion, amenability of the plan to being controlled and enforced);

Identify a few feasible alternative rotation plans which optimize various
specified criteria or effectively compromise among them;

Holdseparatediscussionsonthe pilotexperimentbetweenthe StudyTeam
and PRIS officials at different levels, agriculture and local government
officials at the subsection level, and KaUr Ekbang;

Hold meeting of PRIS subsection chief and irrigation inspectorsto discuss
alternative rotation options and agree on one;

Hold a meeting of PRIS subsection staff, agriculture and local government
officials, and KaUr EkBang to discuss alternatives and select one, sign an
agreement to implement it, discuss and agree on joint policing plan
involving fanners;

Conducta planning and training meeting among PRIS subsection staff;

The PRIS subsection head, in consultation with KaUr EkBang decides on
when to start the rotation;

Village-level arrangementsare made to implement rotating village night
guard groups to police the rotation schedule at night;

Implementthe rotation until harvest of the second dry-seasoncrop in late
October; and
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12_. Monitoringand evaluation of the rotation by the Study Team and produc-
tion and discussionof reportsin subsequentmeetingswith PRISand DOL.

Five alternative plans were developed in collaboration between IIMI and PRIS
and the sectionand subsectionlevel, in the effort to eitherequalizeirrigable area of
rotation units, equalize daily demand for water, have a more simple and
implementable set of gate adjustments, or have a more controllablerotation.

Each alternativewas discussed among the PRIS staff and again with PRIS staff
officialsfrom the agricultureservice, the district governmentand village goverrn-
ments. A public consensuswas reached to selectalternative three, on the strength
of its equity and practicality for implementation.

This alternative had the following characteristics:

1. All tertiary blocks should receive water for one day a week, with no
exceptionspermitted;

2. Greaterequity inareascheduled forimgationeach day: the daily variation
in total imgable area varied from 564ha on Tuesdaysto 842 ha on Mondays
aratio of only 1.49compared to 3.3in the 1988 plan;

3. Areduction in the number of times when gateshave to be either operated
or monitored (i.e., "managementinputs™) from 2/ in 1988to 241 in 1939 (a
13.6percent decreasé), and a decrease in the number of total required gate
operations (i.e., gatesadjusted, closed and opened) from 219in 1983t 166
in 1989 (a 24 percent decrease); and

4.  An increasein the estimated number of hours per week when gateshave to
be merely monitored to ensure they remain closed — from 16.0in 1988to
17.7in 1989, a 106 percent increase.

Results of the field experiment with the new rotation procedures can also be
assessed, relative to the principles of manageabilitydescribed under Manageability
d the erop plan process.

How clear are the objectives?

Prior to the pilot experiment, the new PRIS subsection chief was unaware of the
criteriaused toestablishtheearlierrotation. It was clear to him and other PRIS staff
and farmer representatives that the old approach had many flaws, including its
inequity, impracticality,and difficulty of control. In the discussionsabout results
ofmonitoringthe 1988rotationandaltemativeplans,thecriteriafor selectinganew
rotation were identified and clarified, namely that a new rotation should be based
on equity of rotation unit areas (notcropped areas or real demand), it should be
practical to implement, and it should be subject to management control. Clearly
equity of the area sizesdf rotational Lnits (withunit size being somewhatinversely
proportional to distance from the headworks)was a key objective.
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How implementableare the procedures?

Thenewrotation, which wasidentified by the Study Team and selected PRIS was
substantially easier to implement — in terms of a more efficient and small
configurationof gatestobe monitored and adjusted. Also boundariesbehveenthe
rotation units were placed where therewere adjustablegates. Also, because of the
discussionsand preparationswhich were made in advance, the 1989rotation was
able to be implemented much more quickly than in 1988, after discharge levels
droppedoff. Therotationwasnotstartedin 1988 until two weeks after system-level
supply dropped below demand; in 1989, this was narrowed to lessthan one week.

How adequate are the resources?

Giventhe smalleramountof gateadjustmentsand monitoringneeded under the
newrotation, together with the mobilizing of farmerstohelpinpolicingtherotation
at night, the labor resources were judged to be adequate to the tasks involved.
Inspectors generally lived near their areas of work and at least had bicycles for
transport, although nighttime use of bicycles to tour the system was considered
somewhat dangerous,when done alone.

How controllableis the process?

Realigning rotation unit boundaries according to locations where there were
adjustable gates, switching deliveriesbetween rotational units at midday instead
of midnight and involving farmers' rotation unit representatives in nighttime
policing helped substantially to make the rotation more controllable by PRIS
managers. Farmer night watch groups were observed to be functioningon many
night inspections. However, partly due to the inadequate incentives of staff,
nighttimefieldwork by PRISstaff was probably not asintensiveas was apparently
needed (judging from the village irrigation issues which still continued in 1989,
although at lower levels than before). Although unofficial issues were still
frequently observed, they were not as frequentas in 1988, suggesting that some
improvement in control was achieved.

How accountable are the staff?

The existence of a formal meeting and signed agreement about the rotation
between PRIS and the village agriculture officials was an important factor in
strengtheninga general sense of accountability to the plan. The meeting enabled
the PRIS subsection to discuss the rotation directly with village representatives,
which help override more vested interests. The nighttime rotation guard groups
(usually consisting of four ar five fanners who went around together) usually
sought out the irrigation inspectorwhen an illegal issue ar closure was observed.
This helped make the PRIS staff somewhat more accountable to the water users,
althoughthere were reports that the groups often could not locate the inspectors or
the disturbances often reoccurred later in the night, even after being corrected by
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PRIS staff. Flags were placed at the head of secondariesto designate location of the
rotation turn on a given day, thereby helping clarify implementationand making
violations more discernible.

How supportive are the incentives for staff?

The averageirrigationinspectorreceives approximatelya US$30 to US$40 salary
per month, plus a rice allocation. A small field travel allowance is also provided,
although there is no difference in this amount between dry and rainy seasons.
Unofficial incentives, or temptations to reallocate water according to special
interests, can easily exceed the level of salaries. Furthermore, PRIS staff under-
standably often have sideline income-earning activities which often compete for
time.

How measurable are the results?

Actual deliveriesto rotation units on any given day could be monitored due to
the realignmentof unitboundariesaccordingtolocationsof adjustablegates, nearly
all of which had discharge measurementdevices. Water adequacy is indicated in
thisstudy by the Delivery Performance Ratio (DPR), the ratio between actual and
planned deliveries. In 1989, there was a much closer correlationbetween DPR at
the system level and DPR at the level of the rotation unit level (R? =0.44}, than was
the case in 1988(R? = 0.27).

In 1989, whenever DPR was less than 1.0, the scheduled rotation unit received
virtually all the water. When DPR was more than 1.0, the scheduled area tended
to receive slightly more than its share, but not substantially so (see Figure 5).
Surplus water tended to be directed to other blocks not scheduled for irrigation
Thiscontrastssharply with the situation in 1988. There was a much closer link to
water management at the main and subsystem levels in 1989. The DPR was
introduced to PRIS staff at this level and was discussed during the rotation period
as a performance monitoring tool.

The 1989experimental rotation system is a more manageableone than the prior
rotationsused in the area in terms of specificity of objectives (especially equity of
unitareas),implementability,reduced managementrequirementsand measurabil-
ity of results. It is somewhat improved in the adequacy of human resources
(regarding farmer participation in approving and policing the plan) and control.
However, itisnot significantlydifferentfrom the earlier rotation in manageability
in terms of the more basic problems of staff accountability and incentives.

Thisstudy showsthat significantimprovementscan be made in the manageabil-
ity and performancedf dry-seasonirrigationrotation atthe local levelusing current
resources. These include improvements in aspects such as the configuration of
rotation units, scheduling, staff assignmentsand involvement of farmersin plan-
ning decisionsand enforcement. However, such adjustments do not address, and
by themselves cannot overcome, management control problems connected with
weak staff incentivesand accountability and the so-calledrent-secking" patterns
of water allocation which are driven by underlying economic and land tenure
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Figure 5. DPR at system and rotation unit, East Maneungteung System, West Java
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inequalitiesand whichareespeciallymanifested duringperiods of scarcity (Repetto
1986). Needed improvementsin staff incentivesand accountability, sanctionsand
the adaptability of the PRIS to changing agricultural preferences of farmers will
require more basic institutional and policy changes. It is becoming widely
recognized that irrigation line agencies around the world, which are funded by
general national or provincial revenues, tend to have a weak institutionalimpera-
tive to achieve and monitor performance objectives (Small et al. 1989).

CONCLUSION

This pilot experiment was an exercise where an internationalirrigation manage-
ment organization collaborated with an administrative line agency to develop,
implement, and evaluate an improved irrigation management procedure which is
based on standard management principles of specifying clear objectives and
implementable procedures to achieve measurable results. Line agencies often
function less to achieve results than to implement administrative routines as
prescribed from above. Frequently, agency staff pay little attentionto whether or
not the proceduresare actually implemented or the results achieved.

In thisexperiment various new managementactivitieswere carried out on the
momentumof api lotresearchanddevelopmentproject. Study Teammembersand
agency staff discussed equity and management objectives and identified ways to
lirk new implementation procedures to the newly clarified objectives. Farmers
were included indesignatingmain systemrotationunitsand in policing implemen-
tation. However, the experimentwas not able to fully addressthe more fundamen-
tal problems of control and incentives. In order far this "managementapproach”
to be sustainedby the implementingagency its own institutionmustbe reoriented
toward a "need tomanage," which isbased on an institutional imperative to clarify
objectives and achieve results. This more difficult challenge remains to be
addressed.
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INTRODUCTION

DESPITE DECLINING PRORITABILITY OF rice production, diversificationinto nonrice crops
has not occurred rapidly in the Philippines. Systemswhere successfuldry-season
diversificationhas been observed are onesin which nonricecrops had been grown
historically, and are not recent innovations. Where diversification is being pro-
moted recently, the experience has not been satisfactory due to both soil-physical
and socioeconomicconstraints faced by the farmers.

This paper provides a synthesis of the Philippine studies examining these
constraints to diversificationout of irrigated rice production. It addresses three
basic issues in imgated crop diversification: (1) physical and socioeconomic
constraintsto diversificationout of rice; (2)the relative profitability of nonrice crop
production; and (3) social Issues in managing irrigation systems with crop diver-
sificationduring the dry season.
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CONSTRAINTS TO CROP DIVERSIFICATION

In the Philippines, itisargued that imgation systemswere designed solely forrice
production and are, hence, not suitable for nonrice crop production {Schuh et al.
1987; Levine etal. 1988; Rosegrantet al. 1987). For most of the Philippine systems
studied, this argumentdoesnot seem to hold for the middle and lower sections of
the irrigation systems. Althoughdryseason diversification isbecoming common,
some systems such as UTRIS, LVRIS and TASMOR IS have been practicing diver-
sifyingfor a long time.

Tables 1to 3 enumerate factors influencing farmers’ crop choice. Family
consumption or meeting the family’s rice requirement is one factor which ranked
first and second in two locations or irrigation systems studied. \When wet-season
rice crop is not enough to meet the family’s rice requirement, then most likely
fanners will plant a dry-season rice crop. Other factors include availability of
irrigation water, availability of inputs, previous dry-season nonrice crop experi-
ence and market demand of e produce, among others. These factors are
importantin the decisionmaking of farmersonwhat cropsto be planted inthe dry
season.

Table 1. Factors considered by farmers under BARIS in determining what crop toplant, 1986/87
and 1987/88 dry seasons.

Rank

Factors Irrigated rice Irrigated corn Rain-fed com

1986/87 | 1987/88 | 1986/87 | 1987/88 | 1986/87 | 1987/88

For family home
consumption

Availability of water 2 2 1 1 3

Marketability of the
produce
Familiarity of the
farmers in growing 2 1 1
the crop
High returns
perceived

1 1 2

3 3 2

Suitability of crop 3 2

Ease of management 3
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Table2.  Factors influencing the choice and area planted, UTRZS, 1968/87 and 19587/88 d y

5easons
1986/87 1987/88
Onion Rice Onion Rice
(n=50) | o o | (=10]| =80) [ o, | n=28)| o
averags averag verage verag
rank (a rank (a ank (a)
Choice of crop
- Perceived to provide

highest returns 122 88 220 | 100 193 85 175 43

Previous experience 2.66 88

Technology known to
farmers

Ready market 2.71 70 2.93 88

270 86 2.40 54

To meet rice
requirement

Auvailability of water 2.88 64

2.89 %0 1.84 89

Avrea planted

Auvailability of planting
matetdals and other 131 52 1.67 90

Size of market 212 50 220 100 211 100 2.w 82
Previous experience 249 98 2.56 80 2.75 71
Availability of water 250 100 2.66 98 172 89

(a) Mostimgortant =1, less important = higher value of rank
(b} Proportion of respondents reporting.

Source: Marzan (In Valera 1989).
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Table 3. Factorsconsidered by farmers under ARIP in determining what cropto plant, 1986/1987

and 1987/1988 dry season.
Rank
1986,/198 1987/88
Factors -
[rrigated | [rrigated | Irrigated Rigl,fd Rain-fed
rice rice corn converie com
Availability of water 1 1 1 1 1
For family home
. 2 2
consumption
High returns perceived 3 3
Less production expenses 2
Shorter cropping seasons 3
Availability of seeds and 3 3
other inputs
Climatic condition 3 2

Soil-physical constraints. Croppingpattern isinfluencedby soiltype, water availabil-
ity or by the nature of the availablewater, i.e., whether the area is irrigated or rain-
fed (Tables4 and 5). There is a distinctsoil type bias in cropping pattern, i.e., rice
is grown in heavier clay soils, while nonrice crops are generally grown on sandy
loam soils (Pingali et al. 1988).
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Table4. Characteristics of the samples being studied.

Characteristics Lateral A | Lateral B MCs

Number of farmers 7 11 12
Number of parcels 8 15 2
Distance from irrigation canal

- near 4 6 8

- far 3 5 4
Cropping pattern

- rice-rice 6 2

- rice-onion 1 8 5

- tice-onion+vegetable 3 2

- rice-rice+onion 3
Soil type

- galas 11 6

- lagkit 6

- mestizo lagkit 1 2
Dry season water stress

- yes 7 10 8

- No 1 4

Source: Pingali et al. (InValera 1989).
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Table 5. Cloppingpatterns of farmas under ARIP |, 1995t0 1988.

'85/86 1987188
Type of farm wet | Dry % | VeL | Dy =% [Wet [ pr ”
Irrigated rice ir ir 58 ir ir 93 ir ir 99
I I 11 r T 5 r/re | ir 1
rc I 6 re/ir | re/re 2
rc rc 12
rc ir 4
Rain-fed corn others 3
(converted) rc rc 62 ir RC 20 ir TC 15
ic rc 10 ir ir ir rC 75
ir ir 15 rc TC 8 ire rc 5
Ic f 5 irc f 5 ir ire 5
irc ire 2 |others 19
ir ree 2
sthers 4
Seepagecorn sc sc B8 sc s¢ 13 ir sC 100
ir ir 38 ir ir 44
e rc 26 ir rc 12
fallow 8 rc rc 31
Rain-fed corn rc rc 8l |ir/re Jir/rc| 13 r/re | ir/rc 19
ir ir 6 rC rc 65 rc rc 55
rcfrc | r/rc 6 ir ir 6 thers 26
others 6 |others —
Legend: ir -irrigated rice. ire - irrigated rice+corn. Ir - rain-fedrice.
rrc - rain-fed rice+corn. rc - rain-fed corn. sc - seepage corn.

Source: Bacayag (In Valera 1989).

The distanceof the rice field to the water source and the relative position of the
rice field to otherrice fieldsalsosomehowinfluence the choice of croptobe planted.
Atthe main canal turnouts of UTRISwhere farmershave togrow onionand rice side
by side, onion isplanted at the higher fields. In Lateral A which is lower than any
other section of the system, rice is grown throughout the year. In Lateral B, the
middlesection, onionis the main crop grown during the dry season. In general, land
utilization in the dry season is less than in the wet season, and the TASMORIS 1987/
88 dry-season land utilization is higher due to the government's massive corn
production campaign (Table 6). On the other hand, LVVRIS showed a decreasing
land utilization by crop and by position/distance of the rice field to the source of
water (Table 7).



1986/87 1987/88
Cropping Pattern Wet Dry | Wet Dry
season season | season season
Rice - Rice 98 2 98 9
Rice - Nonrice 100 53 100 PD
Rice - Rice + Nonrice 91 58 P 76

Table 7. Average cropland utilization by crop and cropping pattern, LVRIS,dry season 1988-1989.

Head Middle Tail
ftems (inhectares per farm)
Awvailable cropland A 145 126
Effective cropd area
ricecropl .54a (57.55) 80b (62.00) A9ac (38.80)
garlic-mungol 30a (32.00) 26ab (17.59) 47c (37.63)
garliccropl 16a (17.22) 12a (8.28) 18a (14.60)
mungo-cropl .14a (14.78) 14ab (9.31) 29¢ (23.02)

¢ Proportion of the available cropland utilizad for individual crop namely: rice, garlicandmungo and
the rice-fallow and garlic-mungo patterns.
Numbers in parentheses are percentages of effective crop area.

' ANOV procedure 1 test the joint hypothesis of differences in means among the three types of farms
was significant.

Meansby type of farms followed by the same lettersare not significantlydifferent

Source: Esteban, Z.H. 1990.

Oredit. Generally, farmers do not have the needed capital for crop production
especially for nonrice crops | i e hybrid corn, garlic and onion. These crops need
almost three times more capital than rice. Whenever farmers do not have savings
from wet-season rice crops and need a sizeable amount for producing nonrice
crops, then a credit scheme is necessary. Most farmers have outstanding balances
frompreviousgovernmentloanprogramslike "Masagana99,” ‘KKK,* and*Maisagana
100, etc. OF course, banks charge lower interest rates from borrowers on these
programs, but because of unpaid loansand collateral requirements fanners prefer
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nonformal sources of credit like traders, millers, relatives and friends. But high
interest charge is often the common problem with these nonfonnal credit sources
(Bacayag 1989). In the case of onion fanners at UTRIS, lenders who are usually
traders do not charge interest but they have the exclusive right to purchase all
output at market price during harvest. Trader-lendersbenefit substantially from
the significant price increase between harvest and postharvest months. The price
increase more than offsetsthe foregone interest charges and storagecost (Pingali
et al. 1988). Also in UTRIS, fanners’ loan for onion production was four times as
much for rice productionin the 1988dry season (Table8). In the 1989and 1990dry
seasons, fanners’ loan for onion production was twice as much as the loan for rice
production (Tables9 and 10). Usually fanners take a loan in kind such as seeds,
fertilizersand pesticides from the dealer who is also often a trader or a miller. The
situationis also true in MCIS, BARIS, and ARIP (Bacayag1989)and in other areas
wherecrop diversification is practiced, and even in rice-rice croppingpattern areas.

Table8.  Amount of loan by crop and by source, UTRIS dry season, 1988.

Source of loan I Pesos/ha | Interest (%)

Traders/private lenders

Palay 2,125 (3) 108

Onion 9,663 (8) 84
Banks

Palay/onion 1,146 (1) 12

Traders/relatives 3,791 (6) 0
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Table9.  Amount of loart by crop and by source, UTRIS, dry season, 1989

Crops
Sources P:| ¢ Onion Palay/Onion
Amount | Interest | Amount | Interest | Amount | Interest
Pesos/ha (Pesos/ha Pesos/ha)
Traders/private
lender 1,922 (2) 975 2869 (2) 45 | 3,333(1) 120
Friends/relatives | 3,333 (1) 90 | 2,222(1) 120
4,142 (2) 0 20,000(1) 0
Cooperatives - 1550(2) 20 2,308 (1) 20

{) no. responding

Table 10. Amount df lam by cropand bu source, 1990 UTRIS dry season

Source of loan

Millers/traders

Cooperatives

Millers/traders 7,006 (2) 105

Cooperatives 3.085 (5} 20

Friends/ 4,416 (5) 63

Relatives 8,000 (1) 0
Palay/onion/vegetables

Cooperatives

Friends/relatives

in LVRIS, labor use by location/distance to water source has been found to be
significantly different. Farmersat the head of the systemor lateral use more labor
then those at the tail-end section (Table 11). Material input usein the head is also
higher than the material input use in the lower section of the system (Table 12).
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Onion productionin UTRIS is, therefore, highly labor-intensiveand, compared to
rice itusesfourtimesas much labor (Table13and ). Increasingefficiencyof labor
use is one important development in the area. For one, the yield-labor ratio for
onionhas increased from 28in the 1988dry seasonto 33in the 1990 dry season, and
from 49 in the 1988 dry season to 105in the 1990dry season for palay. Farmers at
the UTRIS area have, hence, been increasing their efficiency of labor use for both

crops.

Table 11.  Labor use by cropping pattern and by location, LVRIS, dry season, 1988-1989.

Crop/cropping pattem Head Middle | Tail
TOpPINg (Ihman-day an-animal day per hectare)
Rice
Total labor 181a 120b 126ab
Land preparation 2Ba 19ab 16b
Planting / transplanting 74a 46ab 36b
Irrigation 3a 23b 8¢
Careofthecrop 2a 14a Na
55a 39a 45a
By source
Family labor 10% 68b 77ab
Hired labor 77a 52a 49a
BY type
Man-days 155a 102b Illab
Garlic-mungo
Total labor 486a 499a 343b
By activity
Land preparation 100a B4a 5%
Planting 102a 102a 78b
Irrigation 15ab l6a 10b
Care of the crop 9%a 114a 66b
Harvesting/ postharvestin 175a 182a 132b
By source
Family labor 388a 409a 5%
Hired labor 98a 90a 86a
By type
Mandays %la 480a 31%
Man-animal days 25a 1% 24a
Garlic
Total labor 371a 418a 275b

Continued on page 245
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Crop/cropping pattern Head M io_IdIe I Tail
i man-day, | an-animald  per hectare:
By activity
Land preparation 7% 7la 42b
Planting 101a 97a 74b
Irrigation 12a 13a %
Care of the crop 79% 103a 56b
hHai:/veesﬁ%g/ post 100a 134b 9dac
By source
Family labor 287a 338a 199b
Hired labor 84a BCa 76a
By type
Man-days 365a 413a 265b
Man-animal days 6ab 5b 10a
Mungo
Total labor 115a 8lb 68bc
By activity
Land preparation 2la 13b 14be
Planting la 5b 4b
Irrigation 3ab 4a 2b
Care of the crop 14a 10a 10a
Harvesting / postharvestir 76a 49b 38bc
By source
Family labor 101a 71b 58bc
Hired labor 14a 10a 10a
By type
Man-days 96a 68b 54bc
Man-animal days 19a 13b 14ab

* ANOV procedire to test the joint hypothesis of differencesin meansamong the three types

of farms was significant.

Means by type of farms followed by the same letters are not significantly different.

Source: Esteban, Z.H. 1990.
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Table 12. Material use by crop/cropping pattern and by location, LVRIS, dry season 1983-1989 *.

- , Head Middle Tail
Crops/ cropping pattern eos/h
Rice
Total material use 2,346a 1,632b 1,869ab
Seed 303a 280a 31la
Fertilizer 1,801a 1,219b 1,455ab
Chemical 242a 133b 103b¢
Garlic-mungo
Total material use 28,496a | 26909ab | 37.960c
Seed 24,119a | 24,240ab | 34,15%¢
Fertilizer 1,4472 1,616ab 2,521¢
Chemical 929 1,153a 1,280a
Garlic
Total material use 25,296a | 25,493ab 36,398¢
Seed 23,307a | 23,328ab | 33,077c
Fertilizer 1,447a 1,516ab 2521¢
Chemical 542a 652a 800a
Mungo
Total material use 1,200a 1,416a 1,562a
Seed 813a 915a 1,082a
Chemical 387a 501a 480a

® ANOV procedure to test thejoint hypothesis of differences in means among the three types of farms was

significant.

Means by type of tarms folloredby the same letters are not significantlydifferent

Source: Esteban, Z-H1990.
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Table 13. Labor inputs/ha, onion, UTRIS, dry season.

Activities m-days (total cost)
1988 1989 1990
Land preparation
Plowing and
I ;
Machine 092 064 053
(550.00) (300.00) (426.192)
Animal 6.4 663 3945
(302.00) (236.37) {68.023)
Harrowing
Machine 112 D68 0377
(515.00) (236.37) (68.023)
Animal 656 758 478
(338.00) (3m.00) 270.353)
Seedbed
preparation/seedi 1029 2230 161316
{205.80) (55750) (354.875)
Pulling seedlings 30.00 1823 14.767
{600.00} (410.15) (354.875)
Tran 80.00 78M 63.43
(1600.00) {1768.50) (1753372)
Mulching 16.00 1273 593
(320.00) (31825) {215.506)
Applicationct 43 251 207
{86.00) {5020) (66252)
Applicationof
: icide 5.10 349 3437
(102.00) {87.25) {130.625)
Weed control
“m'd!_ g 6158 51.18 25698
{1231.60) (115155) (699.696)
G‘“;."":’ 126 0.99 1686
(2520) (19.80) {(50581)
v S‘g‘“m 1128 12.90 52
{225.00) (322.50) {156.00)
Hlarvesting. bunding, 8850 8360 58842
(1170.00) 1881.00) 1740.998)
Total 323.18 30206 206724
(7270.60) {839192) (6609.949)
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Table 14. Labor inputs/ha, palay, UTRIS, dry season

Activities ME lays (total st}
1988 1989 1990
Land preparation
Plowingand harrowing
Machine 514 5.57 5.35
(1028.00) | (0.O) | (663.844)
Animal 85 155 190
@x0) | (O7.®) | (A%6.5)
Seedbed preparation 13 110 1.073
(€NE)) (65.55) @19
Pulling seedlings 0.44 1% 3.215
6.0 | R.B) | (116.19)
Transplanting/direct seeding 17.64 7.8 6.647
@) | (B.5H 122
Application of fertilizer 1683 144 180
R6) | (G6.00) .19
Application ofinsecticide 2.24 0.60 13
(44.80) (5.00) 41.192)
Weed control
manual 398
chemical 0.74 (0.54) 0225
5) | @W.0m)
Irrigation Management 22 6.34 nil**
(78.86)
Harvesting 2 28.74 18.662
@0.0) | (1ZB4D | (U11.5%)
Threshing
manual
thresher 21.00 36 3.7
(819.00) | (1483.85) (779.59)
Hauling 3.47 28 0.5
(0.0 | ¥ | (B.8K)
Total 8.5 4.4 M4.281
@(43.5)| (438.7D)] 3366.085)
* Coptract: paid 7 cents/bundle in 1988; pajd § cents/bundle i 1989/90

** Direct seediNg INCrease, yes but pays application of

done faster, usually less than 8 hours of the whole day for Pesos 30.00/day.

12er and chemicals by contract labor, so job is
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Table 15. Summary d mean returnsabove variable cost (pesos/ha) ofirrigated and rain-fed crops

Rice Mungbean Hybrid Native Garlic Onion
1987 | 1988 | 1987 1983 | 1987 | 1988 | 1987 | 1988 | 1987 | 1988 | 1987 | 1983

Irrigated crops
LVRIS 6890 | 5807 | 5493 | 3865 - - 8123 | 400 - -
BP#2 5630 | 5656 | 3404 | 6185 - - 9060 | 724 - -
TASMORIS 4374 [ 4930 | 42 | 404 | 4371 | 7572 - - - - - -
UTRIS .| 8185 | 6463 - - - - | 1676¢ | 41082
ARIP 6021 | 7120 3288| - |2488 | - - - -
BARIS 5657 | 6240 328215309 | 3152 | - - - -
Rain-fed crops (within or near the systems —
TASMORIS mor| |
UTRIS i i

1993 -
ARIP 1993 - | 2187

3332 | 2041
BARIS 1815|3321 2041 | 3142 -

Source: Adriano (In Valera 1989)
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PROFITABILITY

Another issue which farmers have to face in order to diversify is the profitability
of the crop to grow. It has been known that if water is sufficientto support a rice
crop, then low resource farmerswill certainly plant rice. But in areaswhere water
is limited during the dry season, it is a choice between planting nonrice crops or
fallowing. Again, if credit is available,farmerswill plant nonrice crops. But due
tohighinputand labor costs, especially for garlicand onion, farmers may plantonly
asmall portion of the field and rent out the other portion. In extreme cases where
seasonal farmers are not available, that portion remains unplanted.

Garlicand onion are the most profitable cropsplanted by farmers. InLVRIS and
BI#2 the net returns to garlic is twice as much as the net returns to rice in the dry
season (Table15).Onion farmersin UTRIS had a net income per averageharvested
area that was three times as high as that of rice farmers in the 1988 dry season,
althoughmostfarmersplantedbothcrops.Inthe 1989 and 1990 dry season, rice had
a higher net income per averagearea harvested (Table16and 17).As perceived by
farmers, thisis due to a decline in the yield and price of onion brought about by a
hailstorm in the middle of March 1989and by a virus infestation in 1990. These
affected the quality of onion produced and hence lowered its price.

Irrigated corn in TASMORIS had a higher gross return than rice in the 1988dry
season (Table 18). In all the other systemsbeing studied in the 1987and 1988dry
seasons, other cropsexceptgarlicand onionhad lower net returnscomparedto rice
(Table 15). In VRIS, the upstream farmers had relatively higher yield than the
downstream farmers (Table 19). With regard to farm income per hectare, rice
farmersin the head gotsignificantlyhigher income per hectare than rice farmersin
the tailsectionof thesystem. Garlicandmungofarmershave the same farmincome
per hectare irrespective of location/distance of the rice field to the water source
(Table 20).
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Table 16. Relative costs and return to onion production: UTRIS, dry seasons, 1988, 1969,1990.

Year
Inputs 1988 1989 1990
Pesos/ha

Seeds 6037.04 524839 2561.89
Fertilizer 2470.71 2901.36 2084.77
Insecticide 715.33 53.45 563.48
Herbicide 262.08 32.61 348 84
Rice straw 141.67 800.00 680.23
Labor cost 7629.80 791257 6609.23
Irrigation fees 3%7.20 39720 464.68
Land rent 4960.10 95055.22 172848
Total 22633.93 23239.80 1594232
Average yield (kg/ha) 9063.00 6796.05 6918.61
Qssincome (Pesos/ ha) 71751.00 43226.39 26041.89
Nt income (Pesos /ha) 49117 .07 1998659 10099.57
Average area harvested 04 0.6 0.66
erztS c|)rsu):ome per average harvested area 2406736 1299128 | 6665.72

* By 1990, very few got loansin terms of seeds; they get loans m cash and pay for the seeds. What they
get Nkind are fertilizer and chemicals, especially those who are members of cooperatives.
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Table 17. Relative costs and returns to palay production: dry season 1988, 1989and 1990

Year
Inputs 1988 1989 1990
Pesos/ha
Seeds 644.20 936.87 718.79
Fertilizer 1149.53 1130.79 1090.10
Insecticide 351.96 135.62 262.26
Herbicide 80.57 45.76 61.96
Rice straw
Labor cost 3743.00 5388.81 3266.086
Irrigation fees 612.00 584.67 590.25
Land rent 1707 .83 3347.02 1248.01
| Total 828900 1156954  7237.456
Average yield {(kg/ha) 3967.00 5052.50 4627.73
Gross income (Pesos /ha} 13863.00 21870.41 23754.13
Net income (Pesos/ha) 5573.91 10300.87 16516.674
Average area harvested ' 1.43 1A6 1.36
Net income per average harvested 7970.60| 1503027 2246268
area (Pesos)

Table 18. Totalyield, averagepriceandgross returns offurms in TASMORIS, 1986/87 and 1987/

88 dry seasons.
1986/87 | 1987 /88 |
. . Gross . . Gross
TSEZ'){,‘:}‘ Pesony k8)! (pesos /ha) T?ﬁ;‘)ﬂ:id me‘;;cf kg) (P‘:;‘s"}‘}fa}
Irrigated rice 3165 2.84 9131 2814 3.15 8856
Irrigated corn 2361 363 8557 3475 343 11876
Semi-irrigated munghbean 126 9.13 1241 100 10.00 998
Rain-fed mungbean 207 9.50 1972 124 9.83 1241
Rain-fed corn 1096 415 4308 - -

Source: Bacayag (InValera 1989).
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Crop Head (kg/ha) |Middle (kg/ha | Tail (kg/ha)
Rice

Total production 4,013.33 2,848.50 2388.35
Garlic

Total production 1,687.82 2,08.27 1,981.04
Mungo

Total production 518.25 419.23 396.66

1 ANQV procedure M test the joint hypothesis of differences in means among the three types of farms was

significant.
Source: Esteban, Z.H. 1950.

Table 20. Farm income by crop/cropping pattern and by location, LVRIS, dry season, 1988-1989.

Head Middle Tail
Crop/ Perfarm Perha  Perfarm  Perha Per farm Perha
(in pesos)
Rice
Net cash farm income 1,555.83a | 2,85195a | 686.12ab | 321.47ab | -351.54b | -900.1%
Net noneash farm income 1,699.47a | 1209445 | 3,311.30b | 4,50552a | 1,237.31ac| 1,936.77a
Return above variable cost |3,255.30ab| 4,061.39a | 3,957.42a | 4,7269%9a | 855.7% | 1,038.59%b
Garlic-mungo
Net cash farm income 9,519.88ab | 52,852.25a | 7,149.36b | 52,930.24a | 12,619.50a | 63,200.47a
Net noncash farm income | 3,589.19a |24,41591a! 4,995.17a |44,700.68b | 4,191.43a |23,476.87ac
Return above variable cost | 13,108.27a | 77,268.16a | 12,144 .52a | 97,631.02a | 16,810.94a | 86,677 .34a
Garlic
Net cash farm income 9,244.73ab 1 51,542.46a | 7,011.00b | 52,483.80a | 12,233.33a | 62,480.48a
Net noncash farm income | 3,674.23a |25,266.96a | 4,884.26a | 44,39527b | 4,373.54a [24,451.97b¢
Return above variable cost | 12,918.96a | 76,809.41a | 11,895.26a | 96,879.07a | 16,606.87a | 86,932 45a
Mungo .
Net cash farm income 274.35ab | 1,309.79a | 138.77b | 446.54a 386.18a 719.99a |
Net noncash farm income -8504a | -851.05a | 110.90b | 305.41b | -1B2.1lac | -975.11ac
Return above variable cost | 189.31a | 45875a | 249.26a | 75196a | 20407a | -255.11a

' ANQV procedure totest thejoint hypothesis of differencesin means among the three types of farms was

significant.

Means by type o farms followed by the Same letters are not significantly different.

Source; Esteban. Z.H. 1990,
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Wiater use efficiency. It has been found that upstream farmers use more irrigations
than downstream farmers without a significantyield advantage. Tables 21 to 23
show farmeryields by distance from irrigationcanals and frequency of irrigation.
There is no significantyield differencebetween farmers with 5-7 irrigations and
those with more than 7 irrigations. Inthiscasethepotentialfor water useefficiency
is high. One measure to increase water use efficiency for the head or upstream
farmersisto alterirrigationfee paymentbased on actual useinstead of using fixed
rates. Furtherdown thelateral, farmersuse supplementaryirrigationfrom shallow
well pumps. Pump users oughtto be efficient in their water use, applyingonly a
maximumof fourirrigations(Tables24 to26), and stillgetacomparativeyield with
those having more irrigation coming from the canal.

Table 21. Dry-season onion: Frequency of irrigation and distancefrom irrigation canals,

UTRIS, 1988.
Lateral ﬁ‘:ﬁi?& 1112 617 8 9 101 ;‘
B Near 11 o
Far 3
MCs Near 1{10838) 1 18936) | 1 | 1
Far 1 2 . 1(9853) B
{) meanyield

Table 22. Dry-season onion: Frequency of frrigation and distance from irrigation canals, UTRIS,

1989,
o —_ —_ ——
Lateral | _from 2 |34 s 6 [7]8]9]10|ujrz| 13 |1a]15] 16
irrigation
canal _ _
A Near 1(5800)
B Near 1 2 1(8174)
Far 1 1 2 2 1(9903)
MCs Near 1 1 1(8649) 1 11| 1 3| 1] (7267
Far 1 32801 1 1|1 |(5408)

() meanyield.
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Table 23. Dry-season onion: Frequency d irrigation and distance from irrigation canals: UTRIS,

Distance

fm‘lﬂ - /T - -
Lateral iDi gance 2 3 4

Canal 5 & 7 8 g 1w Julz] 13 14 | sl
A Gana! 10095 | |
] Near | 1 110095

Far |1 2 |1 [H3s28a
MCs Near 17905)b 1(7382)
MCs Nz . 1 1| 1(4887) 2 1] 2 2 17236

Far 1 1 1 8179)2 | 16270) 1{10095)

- E— . -

() meanyield.
= onefarmer with pump.
P with pumps.

Table 24. Frequency of supplemenfay irrigation using pumps, UTRIS 1988, dry season.

Proximity to| Lateral B
irrigation
canal 0 1 2 3 4 5
Near 4 2
Far 1 1 1 2

Table 25. Frequency df supplementary srrigation using pumps, UTRIS 1989 dry season.

Proximity to Lateral B
irrigation
canal 0 1 2 3 4 S
Near 4 1 - - - -

Far i 1 3 1 - -
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Table 26. Frequency of supplementary irrigation using pumps, UTRIS 1990 dry season.

Proximity to Lateral B
Irrigation
canal 0 1 2 3 4 5
Near 3 1
Far 3 1 1 1

* Two farmersdonot farm in B anymore (seasonal). Their farms inLateral B are actually owned by
P.Marzano, another cooperator.

SOCIAL ISSUES

Farmers' participation in planning and scheduling of water distribution is a key
factor in a successful irrigation system management. The National Irrigation
Administration (NIA) recognizes this, so that whenever possible they organize
"Irrigators’ Associations" in almost all national and communal systems in the
country. Tables27and 28provide alistingdf Irrigators' Associationsorganized in
UTRIS and LVRIS. They also show the year each was organized, number of
membersand area served. Cablayan etal. (1989)foundthat Irrigators' Associations
have been helpful not only in smooth and satisfactory water distributionbut also
in collecting irrigation fees. The 1990-2000 NIA corporate plan showed a current
accountcollectionof39.72 percent and a 50.87 percent total collection (Table 29). In
UTRIS, paymentof irrigation feeis from 40 percent to 50 percent with more farmers
further from the canal paying the fees (Table 30). Wickham (1973) showed the same
trend and thelogicalreasonis to ensure timely and adequatewater supply. Farmers
near the canal or water source can get water even if they do not pay theirirrigation
fees, so fanners further from the canal in effectbear the burden of irrigation cost
while at the same time receiving less benefit from the system (Pingali et al. 1988).
Although it isdifficult to achieveequity in water use, it seemsthatthereisachance
toimproveirrigation fee collectionefficiency. If farmersnear the canal can be made
to pay irrigation fees, by altering or changing the irrigation fee payment structure,
then the efficiency of water use at the upstream section could be increased. An
Irrigators” Association may help in this activity, but in some cases, although a
collective action is desirable sometimes it is not usually feasible. Organizing
farmers further from the water source where there is not enough water during the
dry season will prove futile. The best these farmerscan do is to invest in shallow
well pumps.
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Table 27. Organized farmers irrigators' associations. Upper Talavera River Irrigation System,
Uaoer Pempanga Integrated Irrigation Systems, Central Luzon, Philippines.

Year
FIA Name Canal/lateral Members Area (ha) Organized
San Agustin [A** [SAE 546 776 1979
CristamakitalA* | Main canal 604 691 1982
Catanaca IA* Lateral B 218 212 1986
Tusita [A*** Main canal 241 339 1984
Main canal and
Camacalo IA*** Lateral C 335 437 1984
- Drainage reuse anc
Dalangirin IA*** Lateral E 140 194 1984
Main canal and
Sto. Pag-Asa Lateral F-Extra 183 356 1990
Sitosan IA Laterals F and F1 139 288 1990
CSSRIA B;terals D, D1 and 298 336 1990
Dica LA*** Laterals D and D3 321 446 1984
Talipa IA Laterlas D and D4 213 331 1990
Total 2,054 2,812
* Rgi d rithSecurities and Exchange Commission and have ISF collection contract.
** Registered with Securities and Exchange Commission and have both ISF and canal maifitenance
contract.
‘Re i  and reactivated in 1990

Source: Cablayan, et al. 1990.



Area covered No. of Year
Name of 1A Location (ha) farmer- | organizesad/
members registered
Degulla-Bubuisan Lateral A 82 160 1982
Sonson-Narpayat [A
San Roque-Lubnac 1A Lateral B 64 112 1982
Labasa 1A MC downstream Laterals 19672 14472 1979
E, G, Fand H

Total area under Las 2113 14744

* Distributed by division as follows: Division 1- 248ha; Division 2- 685 ha; Division 3- 381 ha: and
Division 4- 653ha

Source: Cablayan, etal. 1990.

Table 29. Irrigationfee collection and collection efficiency, 1979-1989.

Back Account | Zurrent account | T'otel collection
Year Total Collection |collection as% o: | ollection as% 0 | as % of current
back account | surrent account account
collections collectibles collectibles
1979 B3 4.9 31.53 41.50
1980 59.24 4.9 3.9 53.25
1981 52.74 3.8 35.60 44.89
1982 58.43 3.97 24.26 5.9
1983 72.72 3.6 41.57 53.13
1984 98.%5 4.5 12.% 55.76
1985 143.28 5.3 0.6 49.19
1986 179.90 4.44 40.28 50.7M
1987 173.97 3.3 40.89 51.75
1988 181.79 2.48 3.14 48.65
1989 213.83 2.2 42.60 575
Average 4.05 0.72 50.87

Source: NIA, Corporate Plan, 1990-2000.
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Table 30. Payment of irrigation fees.

C Wet Wet
Paid Not paid Paid ~DNotoaid ___
Distance
88 89 90 88 89 90 B 89 88 89
Lateral A Near 1 0 0 2 2 3 0 1 2 1
2 2 0 2 2 4 1 0 3 4
Lateral B Near 2 1 | 4 4 3 | | 2 2
3 1 2 2 5 1 3 1 5 3
LateralB  Near 3 0 | 5 1 9 2 2 8 8
3 2 3 1 4 4 2 4 4 3
Total . 14 6 7 16 21 24 0 9 24 2

SUMMARY AND CONCLUSIONS

A change in the cropping pattern of farmers under an irrigated environment is
hindered by factors as soil physical constraints, credit support facilities, and labor
availability should farmersexpand areas for nonricecrops. These constraintsvary
to some degree from irrigation system to system in the country. Government
intervention in policies and support services governing credit constraints in the
countryside will definitely help farmers meet their financial requirements in
plantingnonricecrops. Farmingequipmentand toolsdesignedfor nonricecropsare
awelcomedevelopmentwhen laborbecomesa criticalconstraintinexpandedareas
of crop diversification.

Profitability issuesbetween rice and nonrice crops somehow hide the real issue
of water scarcity during the dry season. Although it is important to know which
crops are more profitable than rice in specific areas or systems, all other crops
planted by farmersduring the dry season are still profitable relative to a rice-fallow
pattern. Therefore, it is imperative for fanners to plant during the dry season
because sources of nonfarm income in these areas like cottage industriesand other
livelihood programs may not be able to accommodate all farmers.

Irrigators’ Associations, as envisioned by NIA in solving water scheduling and
distribution issues at the farm level, have for some years now contributed to a
smooth and better management of irrigation water, as well as in irrigation fee
collection. Sustaining an Irrigators’ Association, hence, needs constantadviceand
follow-upin order not to fizzle out, so that reorganization will not be necessary. In
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some cases, organization of Irrigators’ Associations is somehow not possible (like
when there is practically no water to manage), which usually happens in the tail
section of the system during the dry season. As such, while collective action is
desirable, it is just not feasible.

Some 40 to 50 percent of the farmers pay irrigation fees, most of whom have farms
further from the canal. Theyhavetopaytoensuretimelyandadequatewatersupply
forcropsustenance. In contrast, farmers near the canal can easily get water resulting
in inefficiency of water use. Altering the irrigation fee payment structuretoreflect
the number of irrigations as the basis rather than the fixed rate, may increase the
efficiency of water usein the upstream area of the system. Ineffect, more water will
be available downstream, increasing the area irrigable during the dry season.
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Summary/Highlights of Discussions:
Socioeconomic and Institutional Issues

MRr HaxaMpiscusseD the socioeconomicand institutional issues in irrigationmanage-
ment for rice-basedfarming systems in Bangladesh. Heemphasizedthe substantial
improvement of the irrigation system through improved management. The
improved managementshould involve willing and activeparticipation of irrigator
farmers and irrigation managers.

The results of the pilot experimenton the managementapproach for irrigation
management in Indonesia were presented by Dr. Vermillion. For the approach to
be sustained by the implementing agency, it mustbe reoriented toward a “needto
manage” mode which is based on an institutional imperative to clarify objectives
and achieve results.

Mr. Masicat provided a synthesis of the Philippine studies, examining the
constraints to diversification from irrigated rice production. He addressed the
basicissuesrelated to the physical and socioeconomicconstraintsto diversification
fromrice, the relative profitability of nonrice crop production, and the socialissues
in managing irrigation systemswith crop diversificationduring the dry season.

The discussionsthat followed highlighted the followingpoints:

1. Irrigation Service Fees. The distribution cost in tubewell systems in
Bangladesh is paid by the farmers. The irrigation fee paid by the farmers
covers the whole capital cost although at a subsidized rate. This is particu-
larly trueinsystems managedbytheprivate owners. The farmers themselves
do the distributionbut sometimeshire other people to do the job.

However, in the study area in Bangladesh, most of the irrigation systems,
even the sample tubewells, are still mostly managed by the government. As
a supply-oriented system, the idea is for the systemto supply irrigation for
rice. About 75percentof the systemsis for rice irrigation, but stepsare also
being taken to utilize them for other crops.

The suggestion of altering the irrigation fee with respect to the number of
irrigations may be ideal but the problem is how to monitor the number of
irrigations provided to the individual farms on a system-basis. The farmers
canirrigateatnight whichmakesitdifficultfortheirrigationstaff tomonitor
them. In thisregard, other ways and means should be sought to better
manage the system so that irrigation efficiency can be improved.

263



264

2. Accountability of the Agency to the Fanners. Farmers'lack of participation

may be related to the accountability of the management to the farmers.
Pinancial autonomy with direct involvement by the farmers can bring in
accountabilityby the agency. When irrigation fees are collected, the irriga-
tion managers become accountablewhen these fees are used for operation
and maintenance of the systemand for sustaining its functionality.

When farmers pay their irrigation fees to the public enterprise, it becomes
bindingto theagencytosupplywaterfortheircropsinthefieldEorexample,
if the farmers pay their fees to the Bangladesh Agricultural Development
Corporation, it must make sure that the water gets in, at the time of farmers'
need.

Farmers' Participation. There was a great concern on whether farmers'
participationin irrigation managementwas for the benefit of the agency or
for the farmersthemselves. With participation, the farmersare asked to pay
more forthe irrigation service,assume greater responsibilityto organizeand
perform O&M tasks, and provide morefeedback to the irrigation officers.
Although farmers are asked to do all these they may not always bring in
benefits to them. For instance, in the Rajshahi area, the farmers were
participating and doing what they understood was the basis o the admin-
istrative process but the Q&M cost was just as high as in the other systems
with a lower level of participation. The benefitsthat could be derived by the
farmers seem to be mere statementsof hope without concrete evidence.

Inthe Rajshahiarea, there is someevidence showing that interaction results
in better management. The water productivity was much higher than inthe
G-K and the North Bangladesh Tubewell projects. It should be noted,
however, that in the Rajshahiarea, only one of the four categoriesof sample
wellswas directly managed by the agency,i.e., the Bangladesh Agricultural
Development Corporation. All the othersweremanagedbythefarmerswho
pay for the tubewell. Inthe other systems,the agency bore all the O&M cost
and the farmerspaid only a very minimalirrigation fee. When farmer users

pay more for water, they usually have more interactionamong themselves
which can increase productivity.

Farmers' participation provides better communication with the agency
managers. They should be able to tell the agency their problems by
communicating in a regular manner. It can serve as a means by which the
farmerscan be assured of water supply. Itshould, however,be participation
by the majority of the fanners and not just by a few.

In the G-K Project, the action research on rotation which involved farmers'
participation and communicationenabled more water to reach the tail-end
farms, more farmers to get water, and more equitable water sharing.
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Support Servicesand Agency Linkages. Linkagesor networks with other
agenciesare alsonecessary toimprove irrigation managementasthese relate
to other support servicessuch as credit, markets, etc. In the Rajshahi area,
the Agricultural Development Bank is already participating in financing the
irrigation O&M costs and in some cases, the production cost of the farmers.
In the G-K Project, credit, extension and irrigation managementare already
built-inintothe system. Outsidethe study area, thereisthe Bangladesh Rural
DevelopmentBoard which also provides support. Inthe famous “Comilla"
model, the support services are built-in into the system.

The IIMI-IRRI Project has provided theinteragencylinkageswhichmayhave
contributed to the effective implementationof the research and pilot testing
of improved innovations on irrigation management. The issue now is the
institutionalization of the introduced innovations, i.e., whether the agency
andthe farmerscan sustainthe innovationafterthecompletionof the project.

. Factor K. Factor K isa modification of the earlier traditional systemknown

asthe pasten system. The pasten systemwas developed during the colonial
period for assessing theirrigationrequirementand watersupply forrotation
between commercial crops like sugarcane, rice and other nonrice crops.
Factor K isa coefficientatthe level of the systemadf diversionwhichcompares
the irrigation demand for the entire system with the supply entering the
systemat the point of diversion. A factor of 0.6 means that 60 percent of the
water requirement is available. In general, rotation is initiated when at one
level, the factordropsbelow point 6. Another level of rotation is donewhen
it drops below point 4.

Agency Plan versus Farmers' Choice. It seemsthat the IIMI-IRRI Project in
Indonesia is coming out with an endorsement o a crop plan and crop
targeting as a means o diversifying from rice. This would appear to go
against individual crop choice and individual decision. However, this is a
wrong conclusion as the approach simply requires the agency to determine
the minimum allocationand supply of water for a givenyear or season. The
agriculture service comes up with a season crop combination advice as to
what crop combination can be planted in the field, assuming the predicted
water supply is available. The actual crop choice is made by the farmers.

Organization of Irrigators’ Associations. It was stated that organizing
Irrigators’ Associationsin the tail-end area is not feasiblebecause there isno
water anyway. Thisis the precise reason why farmersin the area should be
organized. They have tocoordinatewiththefarmersupstreamwhogetmore
water.

Organized farmers have a voting right to form the executive committee
which will look after the day-today operations, maintenance and water
distributionin the system. The group can also change the committee.
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8. Labor. Lookingat the farm-level analysis,itis difficulttoconclude that labor

is a constraintwhen moving from rice to nonrice crops. It is true that there
are labor peaks and the demand can be high when it comes to nonrice crops
but, without taking the systemas a whole and analyzing the supply pattern,
itisnot safeto conclude that labor isa constraint. Thiscanbe true for asmall
areaand where the opportunity cost of labor in the rural areaisapproaching
zero, which means that there is a lot of scope for labor demanding activities.

As observed in the field, there are more transient workers during the peak
o field operations. If the area for crop diversification is expanded, labor will
become scarce. For example, for onion about 300 man-days per hectare are
needed.

The thinking that the opportunity cost of labor in the rural areas is near zero
is not true. There are few slack months, but during the cropping season when
the main activitiesare going on liketransplanting,weeding, and harvesting,
labor becomes very scarce. In the Philippines for example, there is a lot of
unemploymentbut thisisusually inthecity, but notin Central Luzon. Based
on ageneralequilibriumand more sector-levelanalysis of labor supply and
employmentpatterns, itisshown quiteclearly that there isa labor constraint
when shifting the demand for labor from a rice-only systemto a rice-nonrice
system.

Labor availabilityasa factor in crop diversificationcanbe studied atthe level
of the farmersthemselves. Farmerstend to adjust. For example, if the labor
and cost of producing onion is four times the cost of producing rice, the
farmer usually tillsonlyaportion of the farmforonionandstill usesthesame
resource.
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INTRODUCTION

THe DECLINE IN the profitability of rice production and the resulting decline in the
income of rice farmers have been attributed largely to the success o the rice seed
fertilizertechnology and the rapidexpansionofirrigated areassince the mid-1960s.
Due to conscious government initiatives to expand rice production, irrigation
systems have been built in the humid tropics of Asia to provide a more reliable
supply of water during the wet season for the cultivation of rice under wetland
conditions. Except for systems provided with storage facilities or those pumping
from groundwater sources, irrigationduring the dry season isa secondaryconsid-
eration. In most cases, the reduced water supplyis used to grow an additionalcrop
of rice on a more limited area.

By the middle of the 1980s, governments and international agencies tied to
encourage farmers to turn to nonrice crops to increase their incomes as well as to
stabilizethepriceofrice. However, duetolack of experience in managing irrigation
for nonrice crops, irrigation agency staff tend to continue to plan and implement
rice-based operation schemes. Thisis true in the Philippinesand Bangladesh and
to a much lesser degree in Indonesia(Java) where the cropping intensity observed
is highest and where the third cropping (seconddry season)has been decreed by
the government to be devoted only to the cultivation of nonrice crops. Rice,
however, is still being grown in the poorly drained low-lying areas where the
groundwater table is high.

The need is obviouslynot to displacerice — for which the demand continues to
grow with increasingpopulation —but to find better ways to grow other cropsin
association with rice, particularly in areas of imgation commands suited to
diversifiederops during the dry seasonwhen waterbecomes the scarcestresource.
The need is to provide options for farmers to grow more profitable crops as
determined by market forces in which they could have a comparative advantage.

Among the key issues to be addressed in this regard is the development of
imgation management procedures in terms of managementskills, as well as the
appropriate use or modification of the existing facilities for controlling the water
resource to enable the flexibility of incorporating changes in the farming systems
in the service area.

Thispaper providesasynthesisof the mainirrigationsystem managementissues
forrice-based farmingsystemswhile recognizingtheir strongrelationshipwithon-
farm level, socioeconomicand institutional concerns. The presentation is divided
intosignificant findingsdiscovered or verified under the Projectand recommenda-
tions that are either already utilizable or still subject to further study. These are
gleaned from three stages of research effort:a) gainingan understandingof current
and informal practices; b) problem identification, which included suggestionsto
overcomethe diagnosed managementconstraints; and ¢) pilot testing of suggested
or revised procedures or innovationsintended to lead to improvementsin irriga-
tion performancewith respect to reliability,equity, productivity and sustainability
objectives.
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CHARACTERISTICSOF IRRIGATION OPERATIONAL OBJEC-

TIVES

To put the significantfindingsand recommendationsin their proper perspective,
the primary characteristics of the irrigation operational objectives in the three
countries are compared below:

*

The intensity of operational planning, implementation, monitor-
ing and evaluation of plan varies across the three countries and
siteswithin each country.

Thepasten method of irrigation planningin Indonesiathat aimsat
calculating overall water supply and actual field-level demand
every 100r 15 days, leading to revision of target discharges atevery
structure and every tertiary block during each time period is the
most complex method currently used.

While there is an implicit aim to match water supply with water
demand considering soils and crop requirements, the methods
appliedinthe Philippinesand in Bangladeshare much simplerand
less rigorous than those applied in Indonesia.

The standards for irrigation structures, in comparison, are most
sophisticated in Indonesia where the aim is to provide control of
water and associated facilities for measurement of discharge at
every division structure and offtake of the system.

In Indonesia, the annual and seasonal planning procedures that
survey probable farmer crop choices and compare the choices
with the provincial and nationalobjectivesto come up with a de-
tailed irrigation plan for each tertiary block, are not practiced in
the Philippinesand in Bangladesh.

The systemsin Indonesiaand in the Philippinesare of the run-of-
the-river type while those in Bangladesh are of the lift-from-the-
river and deep tube well pumping types. The type of system
influences the availability of water and consequently, the water
delivery and distributionschedule.

SIGNIFICANT FINDINGS

1. The active involvement of farmers in irrigation operational planning,
implementation,monitoringandevaluationhasthe potential forenhancing
system performanceas verified by pilot testing of improved management
proceduresin all three countries. It could result in better sharing of water
and increased irrigated area.
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Rotational irrigation is emerging as a key irrigation practice resorted to
when total water supplies are inadequate to operate the system and still
maintainproper hydraulicconditionsateachcontrolstructure.Thisis done
for both rice and nonrice crops. The level of rotation which can be below
or at the tertiary, secondary, or along sections d the primary canal, de-
pending upon the nature and the severityof the water shortage,needssome
further rationalizing to improve equity and reliability of water delivery.
Thenotquite-satisfactoryweekly rotationbeing implementedin Indonesia
and the Philippines and the 9- to 10-day rotation in the G-K Project in
Bangladeshareindicationsinthisregard. Developingnew rotational plans
is a gradual process involving negotiation and testing.

Regular meetings between thelrrigationstaffandfarmerleadersduringthe
implementation of the plan such as after each water rotational delivery

proved to be effective in improvingcommunicationbetween themand in

identifying specificwater problems and their solutions at the secondary

and tertiary levels. This was observed during the pilot testing of certain

agreed irrigation managment innovations in the three countries.

Reliability of water delivery according to a predetermined rotational
schedule is considered of paramount importance to a farmer who grows
rice but more sowithnonricecropssincehe hasto be presenttoreceiveand
apply the water to his fields. Unreliablewater supplyserved as a disincen-
tive for the farmer by increasing labor costsbecause of the additional time
hespendsinwaitingforthe waterwhichreducesopportunitiesforoff-farm
employment. His anxiety is also increased because df the risk of losing his
heavy investment on cash inputs and labor, resulting from reduced crop
yield if he does not get his water supply on time.

Irrigation systems properly designed and constructed for implementing
irrigation for wet-season rice which can meet the land-soaking and land
preparation requirements have enough canal capacity for the intermittent
flow of water needed for irrigating nonrice crops, although the need for
greater canal-water regulation is apparent. Moreover, the "*free board
differenceof10 percent normaily added tothedesigndepth fortypicalcanal
cross sectionsenables the accommodation of an increase in the hydraulic
head and in flow area. Among crops requiring the greatest increase in
hydraulichead at the turnout level istobaccowhen irrigated by plot-to-plot
flush-basin flooding as reported in SFRIS in the Philippines.

Inequity of water delivery between head and tail sections of the systemis
observed with the head having better access to the supply. The causesare
managerial, physical and social. Thereis, relatively,alack of accountability
and motivation among irrigation staff due to weaknesses in the manage-
ment system, especially in performing monitoring and feedback for the
decision-making process, interferences of influential people, etc. Fune-
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tional flow-regulating and measuring facilities are often lacking if not
missing, and the physical system is also often poorly maintained and in
deterioratedconditioninmany parts. Many farmerstend to be uncoopera-
tive, probablybecauseof their noninvolvementand lack of appreciationfor
and trust in system management.

RECOMMENDATIONS FOR CHANGESIN MAINIRRIGATION
SYSTEM MANAGEMENT

1.

Involvementof farmersand farmers' organizationsasearlyasthe planning
stageshould be institutionalized to minimize problemsduring implemen-
tation. Active participationaf farmersin decisionmaking and managing of
the systemincreasestheir awarenessaf the system's capabilitiesby helping
them undestand the plan and the reasons for actionstaken. Thiscould give
them a sense of commitr ent to abide by the plan.

Regular meetings between the irrigation agency staff and farmersor their
representativesshouldbe instituted to serveasa means for monitoring the
operationsaf the system. The meeting could provide the needed feedback
mechanism to make the schedule more realistic and to settle conflictsin
water distribution, if any.

Rotational imgation should be introduced when required for hydraulic
reasons. The area planned for imgation for each day has to take into
accountthe ability of the irrigationstaff to maintain control of the structure
to delimitthe rotational boundaries. The systemof rotational units should
aim at maximizing equity by taking into account travel time, conveyance
losses and other hydraulic conditions. Once agreed upon and published,
rotation schedules must be strictly followed so that farmers can have
confidence in obtaining water according to the priorities already estab-
lished. A priority system that guarantees water to a certain area but
specifieswhich areaswould get water in excess of what is expected could
be used within season scheduling of rotational imgation.

Inmanagingwater during the wet season, irrigation releases should match
the annualcroppingplan andavoidexcessivereleasessoasnottoadversely
affect the dry-season cropping eitherby delaying the plan for nonrice crops
or by encouraging a secondricecropwhichmaysufferfrommoisturestress
with decliningwater supply during the later part of the dry season. During
the wet season, management should be largely geared to responding to
excesswater conditions, while in the peak of the dry seasonrotationshould
be implementedto require the imgation agency to take control at progres-
sively higher levels in the system.
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5. The annual planning process should move toward allocating water based
ontheareacapableofbeingirrigatedtominimizediscrepanciesincropping
intensities between head- and tail-end areas. This would result in the
allocation of water on a proportional basis, using areas as the primary
determinant rather than the existing cropping patterns. In cases where
there are significant deficiencies in soil and drainage conditions, these
should be taken into account in modifying the allocation.

RECOMMENDATIONS FOR FURTHER RESEARCH

1. Theassessment of both availablewater supply and water demand needs to
be improved to better match the two under-diversified cropping condi-
tions. For nonrice crops during the dry season, the water supply should
consider not only canal and drainageflow and rainfall but also subsurface
supply from the moisture stored in the soil profile and fram the contribu-
tion of the groundwater table. There is also the augmentingsupply from
shallowtube wellsput upby farmerstoincreasethereliability of theirwater
supplyasobserved inthetail-end sectionsofthe MISinJavaand UTRISand
SFRIS in the Philippines. On the water demand, outside of improved
mapping of areas and soils and determination of actual canal conveyance
losses, more information needs to be collected periodically in the field on
the type, extent and growth stage of nonrice crops. The latter could be
facilitated with better organizedfarmers' participationin the joint manage-
ment of the irrigation system. It could also be simplified by trying the
Seasonal Advised Crop Combination (SACC)as a standing guideline for
coordinating crop combinations as proposed in Indonesia.

2. Thepilottesting of irrigation managementinnovationmethodology, with
aview of institutionalizingthe managementchangesin both the irrigation
agency and the farmers, needs to be evaluated and fine-tuned in terms of
its suitability for it to become a foolproof and effective process.

SUMMARY

The results of the three-year project have showna number of managementoptions
and strategieswhich could enhance the performance of irrigation systems for rice-
based farming systems. These are either new findings or verified strategies, all
amplifyingthe differentconsiderationsthat have emerged from earlier studieson
irrigation managementfor rice-based cropping. As indicated in the final report on
a study on irrigation management for diversified crops in the Philippines, the
following points should be considered:
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1. Activeparticipationoffarmersindevelopingannualandseasonaloperaing
plans and in implementing agreed delivery schedules.

2. Reliable and equitable allocation and delivery schedules based on good
match between estimated water supply and crop water demand.

3. Improved monitoringand communication of the implementation of actual
water deliveries.

4. Adear policy for dealing with deviations from the agreed delivery sched-
ules.

5. Enhanced intensity toachieve these requirementsby the managementand
field operations staff.
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Technical Farm-Level Issues in Irrigation
for Rice-Based Farming Systems: An
Intercountry Synthesis

Sadiq |. Bhuiyan
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Philippines

INTRODUCTION

As FARMING PRACTICES Within an imgation system become more diversified, the
demand on the management of water supplies assumes a greater degree of
complexity. Thisprocessisbeing currently experienced in many irrigationsystems
in Asia, which were developed primarily for producing two rice crops within the
year. But the profitability from rice production has remained low for various
reasons in recent years; consequently, the demand to replace rice with cash crops
has increased. Sc has the value of irrigation water. Sincethe investmentsin new
imgationdevelopmentarel ikelytoremainlowthroughthe 1990s, it is expected that
the demand on irrigation water for both rice and nonrice crops within existing
irrigation systemswill continue to increase during the present decade.

From technical viewpoints, crop diversificationor the substitution of rice with
other cropsis mostattractivein areaswherethe sl is light-texturedand controlled
imgation water is available. The climaticsuitability, of course, plays acrucial role
inthe selection of crops tobe grown. Favored by the physical and climaticfactors,
about 9 million ha in China haveadoptedtherice-wheatcropping system(Zandstra
1990).

Quick draining of excesswater from the land and good internalsoildrainageare
desirable requisites to achievehigh yields of nonrice crops. Heavy soilscan often
be used for profitable production of irrigated nonrice crops by appropriately
modifying the land for better water control and excess water removal. But
economic production of nonrice cropsin the dry season is not practicablein many
areas with suitable soils if irrigation water is not available. In many such cases, a
supplemental source of water, which is often the groundwater, makes the differ-
ence between success and failure to grow the nonrice crops in the dry season.
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Thispaper presentsasynthesisof chosentechnical farm-levelissuesand relevant
findings conducted in three countries — Bangladesh, Indonesia, and the Philip-
pines — through the Irrigation Management for Rice-Based Farming Systems
projects. The project was coordinated jointly by IIMI and IRRI, and implemented
in collaborationwith selected institutions in each country (e .g., Bangladesh Rice
Research Institute [BRRI]Jand Bangladesh Water Development Board [BWDB] in
Bangladesh; Agency for Agricultural Research and Development [AARD] and
Directorate General for Water Resources Development [DGWRD] in Indonesia;
and PhilippinesCouncil for Agriculture, Forestry and Natural Resources Research
and Development [PCARRD], National Irrigation Administration [NIA], and
Central Luzon State University {CLSU] in the Philippines). It was financially
supported by the Rockfeller Foundation. The project activities in each country
started with the identification of priority local research issues and problems that
should be addressed through the project. The identification was achieved in each
country separately through small group workshops or discussion meetings at
which selected individualsfrom key national institutions as well as from IRRI and
1M1 participated. Some of these resource persons later became active partners in
the implementation of the recommended research.

RESEARCH ISSUES AND FINDINGS: SOME COMMON
GROUNDS

A commonbackground of the research studiesis that they were conducted in areas
where rice is the only crop grown in the wet season and the areas were served by
gravity-fed surface irrigation systems developed mostly for rice culture. In
Bangladesh, the research on the farm-level issues was concentrated in the G-K
Irrigation System (GKIS) and the North Bangladesh Tubeweli System (NBTS); in
Indonesiaitwas the Cikeusik Irrigation System (CIS); and in the Philippinesit was
the Upper Talavera River Irrigation System (UTRIS) and the San Fabian River
Irrigation System (SFRIS).

The GKIS and NBTSin Bangladesh are somewhatdifferent from the othersin that
GKISuseslift-pumping from the river at the headwork, but essentially works like
otherrun-of-the-riveror reservoir-supportedsystemsstudied in Indonesiaand the
Philippines;and NBTS isa conglomerate of over 350 deep tubewells each of which
acts independently for acommand area of 50 ha or less, and in the dry season it is
used mostly for wheat irrigation.

A direct comparison of the research findings from the three countries is not
appropriate because, as indicated above, the problems addressed in each country
are not the same. Despite this limitation,a number of useful common grounds to
discuss, based on the research findings and generalizations, may be made from
them. It must be emphasized that one must not make too broad generalizations
disregarding importantbiophysical and socioeconomicdifferences that may exist
between the sites where the research was conducted and other regions of the
country.
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A universal element in the research findingsof the three countries is that dry-
season water supply for irrigation is much less than the demand, and farmers’
cropping decisions as well as the choice of crops are critically influenced by the
expected availability of irrigation water. The augmentationof water suppliesis,
therefore, vitally needed for increasing land productivity in the dry season,
especiallythe landsin the tail reaches of irrigation canals. Figure 1exemplifiesthis
feature for the Cikeusik Irrigation System (CIS) in West Java, Indonesia.

Research conducted toward this goal presents the followingcomparative find-
ings:

Conjunctive use of groundwater. Use of groundwater to supplement canal supplies
in the dry season was significant in both the Indonesian (CIS)and the Philippines
(UTRIS and SFRIS)sites. Throughan extensivesurvey of shallowgroundwateruse
in the Philippine sites, Undan et al. (1990) found that open wells with concrete
casings, 0.75to 1.0 min diameter and 3.5t0 7.5 m in depth, were used in the tail ends
of the irrigation systems to pump water using centrifugal pumps with discharge
ratings that ranged from about 19 to 38 1ps. The static water table in the wells
increased up toabout3.0 m from the surfacein April; itwas about4.0min the wells
of SFRISarea in April.

Figure |.  Dischargeper unitarea for 4 tertiaries ¢ themiddlesection, Cikensik Irrigation System,
Cirebon, West Java, Indonesia, for 1988 dry seasons | and II.
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Table 1gives details of groundwater use to supplementcanal suppliesin CIS,
Indonesia, in the dry season. An interesting featurewith CIS, which contrastswith
the UTRIS or SFRIS situation in the Philippines, is that there is more use o
groundwater in the upper reaches o lateral canals than in the tail reaches. This is
because the tail areas have more salinity in the groundwater because of their
proximity to the coastand some of their lower areas suffer fromwaterlogging. It
isalsoprobable that the high costof groundwaterdevelopmentand use discourage
the tail-reach farmers from investing on wells, as they have to depend almost
entirely on pumped water for dry-seasoncropping. Canalwater deliveriesto these
areas during the dry seasons is very limited (Figure 1).

TableI.  Groundwater use by sectionand by season, Cikeusik Irrigation System, Cirebon, West
Jaw, Indonesia, 1988 DS I and II.

Item Head Middle Tail All farm
n=26 2=29 n=24 n=79
Percent of fannersusing
groundwater
DSI 23 3 17 14
Ds1u 58 52 4 3
Purpose of groundwater use:
a. Tosupplementcanal
supply (%)
Ds1 100 100 Is) 92
DS 11 20 27 0 16
b. For full crop water
requirement (%)
1 0 3 25 8
DSl O 100 84
Percent of farmers owning
the well
D51
100 100 25 s
DS1I
93 60 0 sl
Cost of groundwater use
(US$/ha/season)?
DSI
69 45 53 56
DS1I
51 58 100 69

US51.00= Rp. 1800. Only variable costs are included.
Source: Wardana et al. 1990.
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In the Bangladesh case (G-Klrrigation System), groundwater use for supple-
menting canal supplies in the Aus season, or for the winter (Rabi) season cropping
isalmostnonexistentdespitethe need and the availabilityof groundwater in most
of itsarea. Thereason behind this situationis the Bangladesh Water Development
Board (BWDB)policy which doesnotallowthe constructionadf tubewells withinthe
service area of their surfacewater irrigation systems. However, during the past 2-
3 years, the Board has relaxed the implementation of the policy and has not been
againstthe use of groundwater by the small number of farmerswho have tried it.
Clearly, significantbenefits can be achieved if this policy is reversed and fanners
encouragedto use groundwater. The Rabi seasonis potentially a very productive
part of the year because of abundant sunshine and dry weather, and its fullest
possible use should be made for inc.easing food supplies in the country.

The use of groundwater in the dry season is economically attractive in both the
Indonesianand Philippine cases (see Table 2 for the Indonesianexample in which
the users achieved a much higher gross margin than the nonusers). It is expected
that similar groundwater use, especially for the Rabi season cropping, would also
be economically attractive to farmers of the GKIS area in Bangladesh.

No study hasbeen conducted in any of the three irrigation systemsto determine
what amount of groundwater extraction in these areas could be considered
sustainable, i.e., the extraction rate which will not initiate a mining effect on the
water table due to groundwater withdrawals in excess of the aquifer recharge.
However, considering the high rainfall amounts and the vast amounts of surface
water that recharge the groundwater aquifers through the unlined earth canal
network annually,there shouldbe no major concernabout groundwatermining in
these systems underlainmostly with unconfined aquifers. In fact, it is expected that
greater use of groundwater may help in the control of waterloggingproblemsinthe
low areas. Appropriatepoliciesand programs are needed to encourage the use of
groundwater in the command areas, especially the tail reaches of these canal
irrigation systems.

Use of residual soil water. Residual soil water is used in a significantproportion of
the GKIS area in Bangladesh for growing Rabi-season crops following Aman-
season rice. Wheat, onion, garlicand legumesare the popularly grown Rabi crops
with residual soil water. Crop yields vary significantly from year to year due to
differences in rainfall amounts (in some years, high rainfall at flowering stage
causes yield reduction), planting time (delayed establishment of wheat, for ex-
ample, isadversely affected by increasing temperaturesafter February)and inputs
used (researcher-managedlegume cropshave on theaverageyielded 15-35percent
higher than farmer-managed crops). Table 3 shows the extent of nonrice crop
culture in the system during 1983-1990. The number of farmersusing residual soil
water from a crop did not vary much between 1984 and 1990, but the number of
farmers growing the different crops varied widely between years. Kheshari
{lathyrus), the most commonly grown crop in the Rabi season, is usually relay-
seededtothe rice field a few daysbefore harvesting Aman rice in November, which
allows the available soil water to be used for crop establishment. The average
kheshari yield achieved by farmers is about 1t/ha (Mondaletal. 1990). If relay-
seeding is not practiced, pregerminated seeds are used.
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Table2. Comparative costs and returns ¢ onion, groundwater USers versus nonusers, Cikeusik
Irrigation System, Cirebon, West Java, Indonesia, 1988 DS II.

Groundwater
Item Users Nonusers Difference
n=15 n=24
Mean yield (t/ha) 10.74 6.02 4.72%%%
lotal value of production (US$/ha) 2129 1020 110G%**
Zosts Of production (LJS$/Ma)
Seeds 499 404 95
Fertilizer 144 90 S4Hk
Insecticide 220 113 107*=
Labor
Hired 375 283 92
Family 207 141 60*
Other costs 107 a1 16
lotal paid-out costs of production (US$/ha) 1345 98l 364+
lotal variable costs of production (LIS$mMa) 1552 1122 430 k%
Returns above paid-out costs (US$Mha) 784 39 T45*n
Sross margin (US$/ha) 577 (102) 679%*

US$1.00 = Rp. 1800

#x+ +x ¥ gignificant at 1 percent, 5 percent, and 10 percent probability levels, respectively
Source: Wardana et al. 1990.

Table3.  Adoption of different Rabi crops by farmers in the Ganges-Kobadak Project (Phase 1), Rabi
seasons, 1983-84 to 1989-30.

Percent adoption
Year Kheshari Wheat Gram Onion Pea Lentil Oil seed Total
(Lathyrus)
1983-84 73 33 07 84 . - 1.6 21.8
1984-85 18 1.1 53 8.2 0.9 - 07 54.0
1985-86 229 111 111 87 a3 - - 57.1
1986-87 9.1 13.6 19.8 8.4 4.2 1.1 . 56.2
1987-88 18.7 53 13 15.3 22 1.8 - 50.6
1988-89 210 33 16.0 6.9 47 - 24 54.3
1989-90 130 123 3.8 15.8 23 0.8 2.0 500
Mean 17.1 8.6 9.1 10.2 29 1.2 1.7 41.9

Source: Mondal et al. 1990.
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In contrast to Bangladesh, no significant area is grown to dry-season crops
depending entirely on the residual soil water in the case of Indonesian and
Philippineirrigationsystems. A 1988-89 study looked intothe potential availability
of residual soil water in the servicearea of UTRIS, Philippines, for crop use. Itwas
found that in about 40 percent of the nonirrigated, non-waterlogged locations
sampled, usable resources of shallow residual soil water existed following the
harvest of wet-season rice. In about 25 percent of the nonimgated locations, the
perched water table persisted within 10-100 cm depth for more than 20 days
indicating the potential of establishingwell a leguminous crop such as mungbean
(Tenedoraetal. 1990). Juliardi et al. (1990) concluded, for the West Java condition,
that the yield df shallow-rooted mungbean can be increased by over 30 percent if
shallow tillage is practiced.

Irrigation Water Supply Effects on Land Productivity

Land productivity is affected by the availability of irrigation water for all crops
grown, rice or nonrice. In an inadequate water supply situation, the crop yield
suffers directly from drought stress and indirectly from reduced inputs used by
farmers. Theremaybealsoalossofyieldduetotheinteractioneffectsbetweenstress
and other inputs used.

Canalwatersupply rates tofarmsare generally inversely related to their distance
from the source of water (seeFigure 1 forexample). Thisphenomenon wasevident
in almost all cases that were studied. The Indonesian CIS example has been
discussed. A componentstudy in the GKIS in Bangladesh compared the fertilizers
used and rice yields obtained by farmers at the head, middle and tail reaches of a
main canalduring the Aus and Aman seasonsdf 1986-89 (Bhuiyan et al. 1990). The
average rice yield from the 4 Aus seasons was 26-30 percent less in the tail farms
comparedtothehead orthe middle farms. Thegradientof fertilizer usewas likewise
steepfromheadtotailarea farms. Inthe Amanseasontherewasnotmuchdifference
in yields or fertilizer use because in contrast to the Aus season, when irrigation
supply iscrucial for good timely crop establishmentand growth, the Aman season
normally receiveshigh amountsof rainfall. For the samereason farmersused more
fertilizersin the Aman than in the Aus season, and the differencewas higher for the
tail farmers(Table4). Similarfindingshavebeenestablishedinearlierstudiesinrice
in the Philippines.

Oneapproachto solvethe problem of low supply of irrigationwater at the lower
reaches of irrigationcanals is to establishbetter control over the use of water in the
upper reacheswhere much irrigationwater is often misused. With implementation
of appropriate water rotation methods, improved efficiency of water use and better
equity of water distribution among users can be achieved. Astudy of waterrotation
for the GKIS, Bangladesh, is currently in progress. However, the cost of sustaining
water distributionimprovementscan be high, which underscoresthe importance of
assessing economic viability of alternative ways of alleviating water distribution
problems within various types of irrigation systems.
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Table4.  Average fertilizers (NPK) used and riceyields in the head, middle, and fail reaches of the
main canal of the G-K Irrigation System (Phasel), Bangladesh, 1986-89.

Aus season Aman season
Fertilizer (kg/ha) Yield Fertilizer (kg/ha) Yield
(t/ha) (tha)
Location N P K N P K
Head, S4K 73.9 411 281 3.36 1069 36.4 24.1 453
Middle, SOK 704 272 172 3.20 96.0 395 25.0 4.16
Tail, S11K 319 142 6.9 2.36 821 441 278 4.29

Source; Bhujyan et al. 1990

Crop Water Requirement versus Actual Use

The higher amounts of water required for rice compared to most other field crops
is often a dominant reason for promoting production of nonrice crops in the dry
season. In the NBTS, Bangladesh, for example, rice culture in the dry season is
prohibited and wheat cultivation encouragedbecause ideallywheat takes about 20
percent or less of the water required to grow rice in the light-textured soils of the
systems area. For the same reason, fanners in UTRIS, Philippines, and CIS,
Indonesia, are encouraged to grow nonrice crops in the dry season.

But findings of research conducted in 1988-90 through this project indicate that
actual use of water by fanners for nonrice crops is far in excess of the actual
requirementsand in some cases not much differentfrom the amounts used for rice
cultivation. In UTRIS, forexample, the average water use for crop growth in onion
production was almost the same as that used for rice (834 mm versus 877 mm).
Likewise, water used for tobacco in the SFRIS was about 80 percent of the water
consumed by rice (Tabbal et al. 1990).

The primary reason for the high water use for upland crops isthe highwater loss
suffered in the methods used in irrigating nonrice crops. In certain cases, adoption
of effective water conservation measures, e.g., the use of straw mulchingin onion
fields, will reducethe field waterapplication requirements drastically (by 45 percent
foronion in UTRIS)and alsogivesomeotherbenefitssuchasreduced weedgrowth.
In UTRIS,straw mulching s practiced in areas which sufferchronicwater shortage.

Therelative high water requirementsfor rice have put the cropat acomparative
disadvantage and in certain areas served with tubewell water, which is much more
expensive than canal water, dry-season rice is being replaced with nonrice crops.
Since rice price is expected to continue to be controlled by the governments of the
major rice-consuming nations in Asia, continued shifts from irrigated dry-season
(whenrice productivity is higher than in the wet season)rice to nonrice crops may
create a significant decline in rice production.
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A desirablesolution to this problemis to develop techniques of water manage-
ment that will reduce water consumption in rice and make rice production more
competitive with other crops. Some progress has been made in that direction.
Recent research in farmer fields in the Philippinesindicates that in clay loam soils
with the water table 1 m or deeper, improved techniques of water management
aimed at percolation loss reduction will save 25 to 55 percent of water from the
amount needed in the standard practice, without sacrificing yields or needing
additional weed control measures (Soriano and Bhuiyan 1989). Similar studies
conducted in the GK Irrigation System area in Bangladesh produced comparable
results. Inthe North Bangladesh Tubewell Systemarea, where many farmershave
recently abandoned wheat cultivation (apparentlybecause of economic disincen-
tive)and have been keepingsome of the previouswheat-growing land fallow, there
is a great pressure on the system to deliver water for rice cultivationin the dry
season. Water-saving rice irrigation techniques and suboptimal irrigationfor rice
may become attractive options for that situation.

Water Control, Land Use Efficiency, and Drainage

In areas with adequate supply of irrigation water, farmer’s choice of dry-season
crop is influenced by the degree of control over excess water that can be economi-
cally established on the farm. In certain situations, farmersseemto have no choice
but to grow rice because neighboring farms are grown to rice, or because the area
has a very shallowwater table contributed by seepage and percolation water from
the irrigation canals and from neighboring imgated rice fields. Appropriate land
surface modifications can alleviate the excess water problem, but usually with a
significant proportion of the land used for the purpose and at high costs because
they are seasonal and have to be undone for the wet season rice cultivation. Ina
general sense, a relevantquestion is:how compatible is nonrice crop cultivationin
an imgation system developed primarily for rice and what may be the desired
modifications for improving compatibility? Some authors have recently recom-
mended that rehabilitation or upgrading of rice irrigation systems would be
necessary to make them suitable for large-scale crop diversification.

Irrigation infrastructure compatibilrty between rice and nonrice crops. Research con-
ducted in two diversiontype rice irrigationsystems in the Philippines (UTRISand
SERIS), in whichbothriceandnonricecropsaregrowninthedryseason, concluded
that the canal network facilities of well-functioning rice irrigation systems can
adequately support the water delivery needs df both rice and nonrice crops in the
dry Season without any redesign or upgrading specifically for that purpose
(Bhuiyan 1989). At the farm level, water control, distribution, application and
drainage functionsfor nonricecropsmay require somefacilities,mostly inthe form
of channels, additional tothoseinexistenceforricecultureforspecificnonricecrops
(such as tobacco) which are normally handled by the farmersadequately. These
additional facilitiesare seasonal and erased out in the beginning of the wet season
to release the occupied land for rice cultivation (Tabbal et al. 1990).
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Land use efficiency.In UTRIS, Philippines,onionis grown after rice keeping the rice
landscape and size essentially unaltered, but adding some special water control
facilitiessuch as interceptor channelsto protect the field from seepagewater from
an adjacent canal or farm ditch and mid-rice field drainage channels for quick
removal of extra surfacewater after application. Irrigationwater is applied using
the basin-flushingmethod at 1-to 2-week intervals (lessfrequentirrigation if straw
mulchingisused). The extrawater controlfacilitiesnormally use about 15percent
of thericeland (Tabbaletal. 1990).Incontrast, the Maneungteung Irrigation System
(MIS)farmers in Indonesia lose 25-30 percent df their land fromproduction inorder
to constructthe high beds and deep trencheson the rice field to grow onion or chili
following wet-seasonrice. Thebeds are usually 1.2-1.4 mwide and the trenchesare
about 50-cm deep and 40-cm wide, which are kept filled with imgation water up
to about 25-30cm fromthe bed surface. All cropestablishmentand crophusbandry
operations as well as irrigation applications, done at least once daily, are done
manually from the trenches. These trenchesare againfilled up when rice is grown
on the fields.

The Philippine (UTRIS) method of onion cultivation was tested through a
farmer’sfield experimentin two seasons of 1988-89 in the clay loam soil of the MIS
area. Thefindingsshowthatsignificantlyhigherland productivitycanbeachieved
withoutconstructingthetrenchesthanwiththe trenches, when irrigation is applied
at4- or 6-day intervals (Setio Budiet al. 1990). Theyieldperunitcroppedarea (With
only the bed area counted) was higher in the traditional Indonesian model which
received daily irrigations, because the amount of land savings achieved in the
UTRISmedel wassignificant. There is potential forgreatergainsiftheyield per unit
cropped area in this model of onion culture could be increased, which should be
expected with experience. Another major advantage to be reaped from using the
UTRIS model is the reduced cost of production due to savings in labor input,
especially the labor for irrigation.

Drainage and water table management. The prospect of drainage water reuse has
been studied in the G-K Irrigation System in Bangladesh to extend the benefit of
irrigation to adjacent rain-fed or poorly irrigated areas within the system*scom-
mand. Drainage discharge measurements were made in a selected major drain
during 1988-89 and it was estimated that an additional area of 1,225ha could be
irrigated during both the Aus and Aman seasons if the drainage outflows were
checked by an appropriate structure and the water lifted by pumping (Islamet al.
1990). The authors reported that several check structures that were initially
provided for drainage reuse at other points within the system have fallen to
disrepair and disuse.

InUTRIS, the Philippines, it seemsthat there is a similarscopefordrainage water
reuse, ‘especially the excess outflow at night, but no study has been undertaken to
establish the extent of the scope or its viability.

The challenge of managing a high water table contributed by seepage from the
adjacent unlined canal and surrounding rice fields was addressed in a research
conducted on a farmer’s field in the service area of the Lower Talavera River
[rrigation Systern (LTRIS), the Philippines, in the 1990 dry season. Itestablishedthat
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a properly designed interceptor-cum-drainage channel constructed around and
across the average size field could convert a high water-table area unsuitable for
cropssuch as maize to a maize production area. The best treatmentarea, in which
no irrigationinputwas needed throughout the crop growing seasonbecause of the
presence of a shallowwater table, produced 7.3t/ha of maize compared to 33t/ha
inthe controlarea. The cost of managingthe water table for the best treatmentarea
was only $40/ha which yielded a gross margin difference of $660/ha from the
control. Therewasagrossmarginadvantageof $193/ha in favor of themaizegrown
in the best treatmentareawhen compared to rice production (6.2t/ha yield) onpart
of the same farm (Alagcan and Bhuiyan 1920). This method of water table control
provided the much desired option to the farmer for his choice of crops in the dry
season.

Other Technical Concerns

Inadditiontothe above-stated topics of generalinterest,anumber of othertechnical
issues have been addressed through the project in the specificcountry situations,
which also have a bearing on irrigated land productivity on other regions. These
would include issues such as water-fertilizer interactionsand annual productivity
maximization for areas with unreliable water supplies in the Aus season in
Bangladesh; and tillage and irrigation interactions on leguminous crops in the
Philippines and in Indonesia.

CONCLUDING COMMENTS

Many technical water and land productivity issues and problems within "rice
irrigation systems" of the different countries are similar, although the settingsin
which these problems exist and interact with the farming systems may be quite
different in the various countries. Most of the specificfindingsgenerated through
research under this project Ssam to have wider applicability. Needless to say,
caution should be exercised in applying recommendations of research from one
location to another, and the need for appropriate adjustments should be kept in
mind.

Technical farm-level production problemsare many and they mustbe alleviated
if diversified farming systemsare tobe adopted by farmers. However, itmust also
be recognized that socioeconomic constraintsto achieving higher productivity and
farmer income are often dominant. Much more effortsshould be givento identify
these constraints and to assess means to alleviate them.

The project has greatly benefited the involved institutionsand professionals. It
has provided the opportunity for collaborative undertakings in the three countries
for research focused mainly on water-related problems of rice land productivity,
which were identified jointly by concerned local institutionswith inputs from IIMI
and IRRI. The experience gained and knowledge generated are of significant
importancetoward thegoalof attaininghigherfoodproductionandfarmerincome.
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Opportunities for the Diversification
of Asian Rice Farming Systems: A Deterministic
Paradigm

Prabhu L. Pingali
Agricultural Economist, Social Sciences Division
International Rice Research Institute, Los Bafios, Laguna, Philippines

INTRODUCTION

DecLININ®ROFITABILITOF rice production and the consequentdeclinein rice farmer
income and welfare have increased interest in crop and income diversification.
Folioy discussionsondiversificationhaveoften been preceded by farmer initiatives
to sustain their incomes by moving at least partially out of monoculture rice
production into other crops and/or into other enterprises. Indeed, Thailand, a
predominant rice exporter, has exhibitedthe highest levels of diversificationfrom
rice production in the region. A smaller, though significant, shift from rice
monoculture has been observed in the Philippines and Indonesia.

This paper views diversification from rice monoculture into a multi-crop/
enterprise system as an essential consequence of agricultural development. This
process is induced by the changing relative profitability of rice and nonrice
enterprises. Diversificationfrom rice to nonricecropswill not alwaysbe profitable
and will face both physical and economic constraints. This paper attempts to
identify and evaluate these constraints for each of the major rice growing environ-
ments. Research priorities were assessed for rice and rice-based farming systems
keeping in view the relative profitability of rice production by environment.

Thispaperdrawsonavar ietyofdatasourcesbothprimaryandsecondary.Panel
datasetsfor the Philippines, Thailand and Indonesiacollectedbythe Social Sciences
Division of the International Rice Research Institute for the years 1980and 1988are
used to examine changesin farmer crop and non-crop enterprisechoicesover time
and to examinethe changingprofitability of rice versus nonriceenterprises. These
data setswere complemented with data from otherpublished sourcesand from the
literature to provide a continent-wide (Asia-wide) perspective for the conclusions
reached.
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CHANGING PROFITABILITY OF ASIAN RICE PRODUCTION

The long-term profitability of rice production depends on three factors: (a) long-
term priceofrice; (b) current and potential yields; and (c) input costs. The prospects
for sustaining income primarily through rice monocroppingare bleak, given low
rice prices, stagnant yields and high input costs.

Thelong-term decline in the real price d rice. Despite the recent increase in world rice
prices, severalanalysts predict adownward trend in real price over the longer run.
Figure 1shows the trends in real world rice prices from 1900to 1987. This graph
was adapted from Mitchell (1987) and used 1964-66 as the base period. It shows that
despite frequentand prolonged price fluctuations, the world rice market has been
characterized by almost a 50-year declining trend in real rice prices. The major
causes d the long-term decline in rice prices are discussed by Mitchell {1987a,
1987b), Mitchell and Duncan (1987), Schuh (1987) and David (1987).

Although, many Asian governments have some form of protection of the
domesticproducers from the international rice market fluctuations, the long-term
trends are passed onto them at least in directionif not in magnitude. If thisisthe
case, other thingsbeing equal, the relative profitability of rice production hasbeen
declining. Where alternativesto rice production are not easily available, the long-
term decline in rice prices leads to a sharp decline in the welfare of rice producers.
This downward trend in producer welfare can be arrested if one or both of the
following can be achieved: a) a significant reduction in the unit cost of rice
production; andb)areallocation of resources fromrice to nonrice enterprises (both
crop and non-crop).

Significant reduction in the unit costs of rice production can be achieved either
by an increase in farm yields or by an increase in the efficiency of input use.

The diminishing yield gap. During the last two decades, yield increases on farmer
fieldswere obtained by exploitingthe gap between the technologicalyield frontier
and actual yields obtained on farmer fields. Recent evidence indicates that the
technological yield frontier has stagnated and shows signs of long-term decline
(Pingali et al. 1990; Flinn and de Datta 1984). Farm-level evidence indicates that
farmer yields are catching up to the yield frontier and that further exploitation of
the yield gap is not economical (Pigalietal.1990). Incrementalcosts of achieving
further yield gains exceed the incremental returns.

Figures 2 and 3 graphs the highestyieldingentries in the maximum yield trials
for the wet season at the IRRI farm and at the Maligaya Rice Researchand Training
Center (MRRTC). These figuresshow thatwet-seasonrice yieldsper hectareon the
experimentstationshave declined fromahigh of 6.2 tonsin 1965-70to a level of 5.3
tonsin 1986-87h4RRTCand4.Gons at IRRI. Similardecliningriceyieldtrendshave
been observed in other experiment stations in India, Thailand and Indonesia
(Nambiarand Ghosh 1984, Gypmantasiriet al. 1989;INSURE 1987).
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Figure 1. Trends in world rice prices {1900-1987)
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Figure 2. [RRIfarm data come from the maximumyield trial with N=60 kg/ha. High yielders are
the highest yielding 10farmers out of a sample of 35. Al farms in the sample average.
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Source: IRRI Agronomy Department and Economics Department.

IRRI farm data w m e from the maximum yield trial with N=60 kg/ha.
High yielders are the highest yielding 10 farmers out of a sample of 35.
All farms inthe sample average.
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Figure 3. MRRTC maximum yield trial data with N=60 ke¢/ha. High yielders are the highest
yielding 5 farmers out oF 20. Allfarms in the sample average.
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MRRTC maximum yield trial data with N=60 kg/ha. Highyielders are the highest yielding
5 farmers out of 20. Allfarms in the sample average.
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The long-term decline in the irrigated-yield frontier under intensive rice monocul-
ture can be attributed to one or more of the following: a) increased pest pressure;
b) rapid depletion of soil micronutrients; and ¢) changesin soil chemistry brought
about by intensive cropping and the increased reliance on low quality irrigation
water. While the rice research system has been generating varieties with increas-
ingly higher yield potential, the rate of degradation of the rice environment is
greater than the rate of increase in the geneticyield potential; hence, a long-term
decline in the yield frontier is being observed {(Pingali et al. 1990).

Data indicate that the farmers have caught up and that the yield gap with the
experiment stations is negligible. The Economics Department of IRRI has been
followingtwo groups of randomly selected farmers,the samplein Lagunahas been
monitored from 1966to 1988and the sample in Central Luzon from 1970to 1988.
These samples provide the most accurate information over time of rice-related
technical change. For a complete description of the Laguna and Central Luzon
samples see Herdt (1987).

The following information on yields was obtained from each of the samples: a)
mean yield per hectare for the sample (adjusted to 14 percent moisture content);b)
the average yield of the top third highestyielders for each year. The Central Luzon
sample was compared with the experiment station yields from the MRRTC, while
the Laguna sample was compared with the maximum yield trial on the IRRI farm
(Figures2 and 3).

Results from Central Luzon showed that in 1970, the gap between the average
samplefarmerand theexperiment stationyield was almost4t/hain the wet season.
Figure 3 shows a steady reduction in this gap, reaching less than a ton per hectare
in 1986.Comparison between the top third of thesampleand the experimentstation
showed agap of approximately two tons in 1970which diminished to lessthan half
a ton within a decade. In 1986, the top third outyielded the experiment station by
almost half a ton.

Comparison between the highest yielding entries on the IRRI farm and the
Lagunasamplefarmersshowsasimilarpattern. Theyieldgapbetween the average
sample farmer and the IRRI farm in 1984was less than half a ton per hectare. The
top third in Laguna started off with a 2.5-ton difference in 1965and outyielded the
IRRIfarmby 1975. Sincethen the top third of the Laguna sample have consistently
outyielded the IRRI farm.

While the average farm yields have been rising, the top third yields in both
Lagunaand Central Luzon have peaked and aredecliniig. Thetrendinthetopthird
yields is very similar to the trend in the experiment station yields. One could
extrapolate this information onto the average farm yields to predict that a similar
peak and declinecan be expected on those farms (SeePingaliet al. 1990and Pingali
and Moya 1989for further details).
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At least for the irrigated lands in the Philippines, given current technology, the
exploitableyield gap between the experiment station and the farmer yields is very
small and the long-term prospects are for a stagnation and/or a decline in average
irrigated farm yields. Three other implications come out of this analysis:

a. If thistrend in stagnant and/or declining yields is widespread, one needs
to question the long-run sustainability of intensive irrigated monoculture
riceproduction, ascurrently practiced in the tropics of Asia. Inthiscontext,
crop diversificationwould have to be examined in much greater depth as
a mechanism to reverse rice-yield declinesin intensive systems.

b. Ifyield percrop isexpected to stagnate, this avenue to greater productivity
and profitability is limited. Major attention must be focused on increasing
crop production and income per year through intensification or diversifi-
cation. Thismayinvolvefittinginadditional ricecropsperyeargrpartially
replacing rice with other crops and/or other enterprises, or both.

c.  If declining rice productivity becomes a long-term trend in Asia’s rice
bowls, then rice production and supplieswould be affectedand projections
of a long-term decline in rice prices will no longer be valid.

Degradation of irrigation infrastructure. The degradation of existing irrigation
infrastructure in Asia is contributing to an extent to the expansion in areas under
nonrice crops. Since the mid-1960s the growth rate of irrigated area in the world
has declined by about 60 percent; in Asia, it has declined by 72 percent (Rosegrant
and Pingali 1990). Thishas been due to asharp reduction in irrigation investments
which was caused in part by the relatively favorable food security in Asia and the
collapse of the world rice price. The problem is exacerbated by the poor mainte-
nance of existing irrigation infrastructure, despite a relative shift in overall irriga-
tion investment in the 1980s from new construction to rehabilitation and mainte-
nance of existing irrigation infrastructure. An analysis of 92 irrigation systems in
the Philippines shows that almost a third of them have declining trends inwet- and
dry-season irrigated areas and wet- and dry-season yields (Masicat et al. 1990).
Between 1979and 1989, the absolute wet- and dry-season irrigated areas in Luzon
declined by 20,466 ha and 36,175ha, respectively. Evenin areas that continuetobe
irrigated, the quality of irrigation, in terms of the amounts of water supplied and
the reliability of watersupplied, has deteriorated over time. Whereirrigation water
reliability is low, there is a strong case to be made for dry-season crop diversifica-
tion, both for increasing theefficiency ofwateruseand for sustainingfarm incomes.

Increasing input costs. Costs of inputs per hectare could rise due to two reasons: a)
holding input levels constant, the unit costs rise; and b) holding unit costs constant,
the quantity of inputs used per hectare rises. All inputs like land, labor, all
purchased inputs and supervision time are included in the discussion.
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Agricultural intensification, measured in the Asian rice context in terms of
cropping intensity, leads to an increase in input use per hectare, per crop (Pingali
and Binswanger 1987; Herdt 1987). Pingali and Binswanger (1987) discuss the
reasons for increasing input use with intercropping intensities. Sustaining yields
and soil fertility over time in rice monoculture systems with double and triple
cropping requires increasing levels of labor, fertilizers, other chemicalsand me-
chanicalpowerthansinglecropsystems. Farm-levelevidencefromthe Philippines,
Thailand and Indonesia provides support for the above proposition.

For the Philippines, apanel of 132 irrigated rice farmersin Nueva Ecijamonitored
in1980 and 1988showedthata 13 percent increase in yield per hectare wasachieved
with a 21 percent increase in nitrogen fertilizer, a 34-percent increase in seedsand
a 24 percent increase in hired labor. For Suphan Buri, Thailand, average irrigated
rice yields, for a panel of 146 farmers, increased by 65 percent between 1982and
1988, while nitrogen fertilizer levels increased by 24 percent, pesticides by 53
percent and seeds by 35 percent. Similarly, for a panel of 71irrigated rice farms in
West Java, Indonesia, average yields increased by 23 percent between 1980and
1988,whileaverage phosphorus fertilizeruse increased by 65 percentand pesticide
use increased by 69 percent. Real returns to rice production were stagnantduring
the periods concerned for each of the three countries (Pingaliet al. 1990).

There are several implications of the above on the demand for inputs and the
future trends in unit input costs. Land values are positively associated with
agricultural intensification (Binswanger and Rosenweig 1986). Given current
population growth rates in these countries, the prospects are for relatively higher
opportunity costs of land and higher land rental values. Labor costs are also
expected tobe higher, both for hired and family labor. Hired labordemand during
the peak seasons increasesas cropping intensitiesincrease. This, coupled with an
increase in the opportunity cost of labor due to increased non-farm employment
opportunities, necessitates the provision of greater levels of management and
supervision.

If rapid efficiencygainsin the use of chemical inputs are not achieved, onecould
also observe a significantincrease in the per hectare use of chemical fertilizersand
pesticides. Even with these efficiency gains, the long-term prospects are for
significantincreases in the total demand for chemical inputs.

Declining long-term profitability of rice production. Given low rice prices, declining or
stagnant yields and increasing input costs, the profitability of rice production has
been steadily declining. Figure 4, shows the Philippine situation. Along with
profits, the net income and the welfare of the rice farmer have been declining. The
prospects for improvement in this situation are not bright. Improvements in the
profitability of rice production depend on either orboth of the followingfactors:a)
a substantial increase in experiment station yields that will reverse a twenty-year
trend; and b) substantial increase in input use efficiencies.

Sustaining and increasingthe incomes of rice farmers will, therefore,depend to
a large extent on crop and income diversification. This progression to crop and
income diversification has taken place smoothly in countries where product
markets operate relatively freely. In Suphan Buri, Thailand, for instance, the






300

adoption df nonriceenterpriseswas closelyassociatedwith recent rice price trends.
Between 1985 and 1988, 79 percent of 143 households first adopted nonrice
enterprises (Table 1). Rice prices in Thailand were on a declining trend between
1980and 1986, reaching their lowestlevel duringthe 1985 /1986 period. Thenonrice
enterprisesadopted included:nonrice cropssuch as vegetables and fruit orchards;
non-crop farm enterprises, such as shrimp farming and livestock production; or
non-farm activities, such as rural industriesor urban employment. By 1987, 91 of
the 143households had adopted diversified farming systems. It is interesting to
note that a third of these switched back to exclusive rice production in 1988when
rice prices went up again following the drought of 1987. The process of diversifi-
cation has been slower in the Philippines, Indonesia and Bangladesh where rice
profits were buffered to a greater extent by government intervention.

Table1.  Number of household adopted nonrice enterprise classified by type of enterprise and the
first year ¢ adoption.

Year of first adoption Total
house-
hold
Type of before
enterprise 1980 1980 1981 1982 1983 1984 1985 1986 1987 1988
Cattle 2 0 | 0 2 3 2 6 5 13 34
Poultry 4 0 0 3 2 1 2 4 1 2 19
Prawn and fish 0 0 0 0 0 0 0 2 3 0 5
Vegetables 0 0 0 2 | 0 5 10 13 5 36
Fruit trees 0 0 0 2 1 0 1 1 0 | 6
Seasonal crops
(short periods) 0 0 0 0 1 1 3 6 8 2 2
Sugarcane E 0 0 0 0 0 0 1 2 7 3 13
Sugarcane C 0 0 0 0 0 0 0 0 5 2 7
Off-farm work (Ag) 0 0 0 1 0 1 0 0 0 0 2
Total 6 0 1 8 7 6 14 31 4228 143
Price of unhusked rice - - na 2470 2415 2273 2230 2398 3122 3726
(baht/ton)

Source: Srianruntungreauang, S., 1989.



301

OPPORTUNITIES FOR DIVERSIFICATIONOUT OF RICE

The opportunities for diversificationfromrice production depend enboth physical
and economicfactors. A synthesisof the above factorsinto a predictive framework
for the process and magnitude of diversification out of rice is presented.

Flexibility of Crop Choice by Ecosystems, Seasons and Soils

Flexibility isdefinedin terms of the level of interventions(both physicaland human
capital) required in switching from rice to nonrice crops and back. For instance,
nonrice crops are grown year-round in Indonesia in a Sorjan (ditch and dike) systern
which involves high levels of investments in drainage control. Flexibility of crop
choice isconsideredto be low insuchasystem because moving out of monoculture
rice to upland crop production on elevated dikes or movingback intomonoculture
rice production involves high physical investments. On the other hand, upland
areas can switch between rice and nonrice crops with minimum additional invest-
ments. This system has a high flexibility of crop choice.

Consideringdifferentecosystemsand environments, flexibility of crop choicein
the wet Season is extremely low in all but the upland environments, because the
investmentrequirements for drainageare high in the lowlands(e.g., sorjan system)
(Table2). Wet-season drainage investments, once made, are not easily reversible.
Due to the ease of switching between crops, the uplands have always been
extremely diversified in the wet season. Switchingbetween rice, maize and other
cropsispossiblein theuplandsbecause thefieldsarenotbundedanddonotrequire
to be puddled before crop establishment.

During the dry-season,crop choice is constrainedby two major physical factors:
water availability and drainage. The irrigated lowlands have the most reliable
water supply. These areas depending on the severity of the drainage constraint
have the highest flexibility in dry-season crop choice. Switching from dry-season
rice to nonrice crop production will involve a certain amount of investment in
temporary drainage structures and in learning nonrice technology, cultivation
practices, and irrigation water management. Onion farmersin UTRIS, the Philip-
pines, construct multipurposeditchesandleveesin the rice fieldsfor facilitatingthe
drainageofexcesswater(Tabbaletal. 1990). Otherexamplesof temporarydrainage
structures can be found for the Philippines(Moya 1990; Alagcan and Bhuiyan 1990;
Maglinac and Valdeavilla 1990). The amount of land modification required is
related to soiltexture: heavy soilsrequire elaboratedrainage structures while light
sandy soils may not require any drainage structures at all. The returns to these
investments are highest for the irrigated lowlands with moderate to well-drained
soilsand, hence, these areas will tend to diversify more than the other ecosystems
as the relative profitability of nonrice crops improves.



Ecosystem Wet season Dry season

Imgated lowland Low Moderate to high (a)
Rainfed lowlands Low Low to moderate (b)
Deepwater and tidal wetlands Low Low t moderate
Uplands High Moderate (b)

(@) This period includes the post-rice period (late wet season) or the pre-rice period (dry-wet transition).
(b) Conditional on rainfall level and distribution.

Irrigated lowland soils can be classified into: well-drained soils, moderately
drained soils, and poorly drained soils. Flexibility of crop choice for each of these
soilsbyseasonis presentedin Table 3. Forthe wetseasononlythewell-drainedsoils
have possibilities for nonrice crop production; investmentsin a bed and furrow
system or asorjan system are required for successfully growingnonrice crops. On
the other hand, for the dry season the flexibility of cropchoicein irrigatedricelands
ishigh forallbutthepoorlydrainedsoils. Only heavy texturedwaterlogging-prone
irrigatedricesoilshavelittleoptionbut tospecializeinrice production. Forthislast
category the amount of drainage investmentthat has to be made prior to growing
nonricecropsis often prohibitive. Imgated areas in South and Southeast Asia that
have a long history of dryseason diversificationhave all limited their nonrice crop
production to well-drained soils while intensive rice production has continued
concurrently on poorly drained soils.

The length of the period of irrigation water availability is also an important
determinantof dry-seasondiversification. Thelargepartiallyirrigatedareaswhich
cannotsupportadry-seasonrice crophave anatural advantage indiversifying into
upland cropsduringthe dry season. Butcrop choicemayagainbelimited on heavy
textured, poorly drained soils, in which water control to avoid waterlogging or
drought is difficult.

The relative speed of diversificationdf rice lands in Suphan Buri, Thailand, for
nonrice crop production and for nonrice enterpriseshasbeen mentionedin the last
section. Diversification of Suphan Buri rice lands took two forms, dry-season
diversificationand year-round diversification. Dry-seasondiversificationwasinto
vegetables and other seasonal crops, such as, maize and sweet potato; 39 percent
of the households adopted a dryseason nonrice crop. Land investment require-
ments for establishingthese cropsis minimal and when the rice price improved in
1988 these lands quickly returned to rice production (Table 1). Year-round
diversificationwas into sugarcane, shrimp and fish farming, and fruit orchards; 14
percent, 3 percent and 4 percent of the households, respectively, adopted these
enterprises.



303

Season Well-drained Medium drainage Poorly drained
soils soils
Wet season Moderate (a) Low Low
Dry season High High Low to moderate (b)

Investment requirements foryear-round diversificationfromrice are very high
and would only be made if expectations of relative long-term profitability are in
favor of the particular nonrice enterprise. For fish and shrimp production, for
instance, the initial investment costs are about 110,000baht per hectare (approxi-
mately US$4,400).

Input and labor requirements are also higher for nonrice enterprises, both in the
dry season and the year-round enterprises. Table 4 provides data on the relative
input requirements and the profitability of rice and nonrice enterprises.
Sriarunrungreauang (1989)using the above panel data for Thailand finds that if the
rice price drops by 20 percent, dry-season nonrice crops would be relatively more
profitable than rice, but year-round diversification would not be a profitable
alternative to rice in the irrigated lowlands.

The opportunities for dry-season diversificationin the rain-fed lowlandsand the
deepwater areas are limited by water availability for post-rice crop production. In
the humid and subhumid zones, rainfall level and distribution are such that a post-
rice or pre-rice crop in the rain-fed lowlands is possible. Post-rice cropping of
legumes (e.g.. mungbean),cereals (wheat, maize) or vegetablecrops may be possible
on late season rains and residual moisture. This practice has become much more
feasible on that portion of rain-fed ricelands which now produces earlier-maturing
rice cultivars, which are harvested before the onset of the dry season. Inthe Cagayan
Valley of the Northern Philippines, the replacement of traditional rain-fed rice
varieties of six-month duration with early-maturing modem varieties has led to
doublecropping ofrice in thelowerelevationsand theintroductionof apre-ricecrop
of mungbean on the upper elevations (Garrityetal. 1988). Pre-ricecropsin thelower
elevations are only possible on ridges to prevent waterlogging (Pernitoand Garrity
1988). The strategy of increasing cropping intensities in the rain-fed lowland will
only be successful if modem rice varieties adapted to these problem hydrologies
(i.e., drought-prone, flood-prone and drought- and flood-prone conditions) are
available.

In rain-fed environments where there is a sharp and prolonged dry season
(especiallythe semiarid zones) post-rice crops are not possible without supplemen-
tary irrigation. In the rain-fed lowlands of South Asia, Northeast Thailand,
Cambodia and Laos, dry-season crops on residual moisture would not be possible
even if traditional rice varieties were replaced by appropriate short-duration
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Table4.  Relative input requirements and profitability of rice and nonrice enterprises, Thailand,
1988 (bahifyear).

Enterprises
Inputs
Rice-rice  Rice-vegetable Sugarcane Prawn
Fertilizer (B/ha) 2915 27174 995 627
Pesticide (B/ha) 964 19224 280
Other costs (B/ha) 294 17037 8389 18589
Feeds (B/ha) 42049
Suh-total 4173 63436 9664 61265
Labor (mds/ha)
Family 42 595 17 YO
Hired 41 445 60 2
Total 83 1040 77 92
Labor costs (B/ha) 5730 71916 5325 6362
Total costs (B/ha) 9912 135352 14989 67627
Gross returns (B/ha} 28427 160517 32399 104485
Net returns {B/ha} 18515 25165 17410 36858

Source: Srianrunrungreauang, S. 1989.

modem varieties. There is potential, markets permitting, for a short pre-rice crop
followed by a short-duration rice crop, suitable candidates being mungbean and
green manure crops such as sesbhania.

Wheresupplementary irrigation isavailable, aswith pumps, opportunitiesexist
for adry-season rice or nonrice crop. In Nueva Ecija, Philippines, where there is a
six-month dry season, the introduction of deep tubewells has led to the adoption
of maize followed by mungbean in the dry season after a rain-fed wet-season rice
crop (Ginesetal.1988).1t ought tobeemphasized thatdiversificationoccurredonly
on the upper paddies with light textured and easily drained soils(turod).The lower
paddies, on the other hand, with heavy textured soils that are prone to water-
logging (Jurgog), were used for cultivating a dry-season rice crop. While two rice
crops are also possible on the turod soils with the dry-season crop being irrigated
by pumps, the private and social returns toa diversifiedcropping system dominate
the rice-rice cropping system. This is so, primarily because the costs of irrigation
for rice are high and a significantly smaller area can be irrigated efficiently (Gines
et al. 1988). Engelhardt (1984) reports, for the semiarid tropics of India, the
emergence of a diversified cropping system with the introduction of deep well
pumps. Rain-fedrice in the wet season is followedby either groundnuts, sorghum
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orvegetables. InBangladesh, approximately 60 percent of the dry-seasoncultivated
area is imgated by tubewellsand pumps (Hakim et al. 1990). Much of this area is
planted to a rain-fed wet-season rice crop followed by an imgated dry-season
nonrice crop like wheat, potato, gram and onion (Mondalet al. 1990).

Dry-seasondiversification inthe upland areassimilarlydepends onthe leveland
distribution of rainfall. In areas with a sufficientgrowing period, a post-rice crop
can be grown. Maize, sweet potato, and vegetables are common sequential crops.
In Northern Mindanao, the Philippines, for instance, where the average annual
rainfall of 2,350 mm is evenly distributed over an eight-month period, double
cropping of maizeispracticed on a quarter of the upland area (Mandacetal. 1987).
Ontheotherhand, in Northern Laos, where the averageannual rainfall is 1,400 mm,
diversification from one upland rice crop to two nonrice cropsisnot feasibledue to
risk of drought stress for the second crop (Fujisaka 1990). For the lower rainfall
upland areas in much of the subhumid and semiarid zones, rice production is
generally not profitable due to the risk of drought stress. Where irrigation is not
availablewet-season sorghum, millet and pulses such as pigeon pea and chick pea
are commonly grown (Walkerand Ryan 1990).

Diversification out of rice production in response to changes in the relative
profitability between rice and nonrice crops would be most feasible in the dry
season. The rice ecosystemsin which it will be most profitable and feasiblewill be
the irrigated lowlands, because of greater reliability of water supply and higher
return to diversification investments.

Market Infrastructure Versus Physical Constraintsas Determinants
of the Profitability of Diversification

Market infrastructure may be divided into two categories, good market access and
poor marketaccess. If market accessis good, outputdemand isrelatively elasticand
hence the returns to investments in land, learning and technology are relatively
higher. Physical constraintsare represented by drainage problemsin the irrigated
lowlands and the susceptibility to soil erosion in the uplands.

Table 5 presents, for irrigated lowlands, the physical and market constraints to
diversification. The irrigated lowland soils are divided into two categories, well-
drained soilsand poorly drained soils. Inthe dry season, in areaswith good market
access, the profitability of diversification will be high on well-drained soils and
moderate to low on poorly drained soils, the latter being dependent on the level of
investmentsrequired fordrainage. Inareaswith poor market accessthe profitability
of diversification on well-drained soils will be moderate to low, depending on the
nature of outputdemand. If demand ishighlyinelastic(dueperhaps tothe high cost
of transporting the output to markets) then the profitability of diversification will
be low. For poorly drained soils with poor market access the profitability of
diversification will be very low.
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Table 5. Market infrastructure uersus physical constraints as determinants of the profitability &
diversification.

Category Welldrained soils Poorly drained soils
Good market access High Moderate to low (a)
Poor market access Moderate to low (b) Very low

Table 6 presents, for the uplands, the physical and market constraints to diver-
sification. The upland soils are divided into two categories: soils that are highly
susceptibletoerosion(i.e., generallylands on moderate to steep slopes)and soilsnot
highly susceptibletoerosion. If marketaccessisgood, the profitability of diversified
field crop production on soils not highly susceptible to erosion is high. For soils
susceptible to erosion, profitability of field crop production is determined by the
level of erosion control investments required. Where high levels of erosion control
investments are required, tree crops may be a more viable option than field crops,
particularly after land degradation has been allowed to occur through field crop
production.

In upland areas with poor market access, the returns to diversification out of
subsistence rice production are limited in areas with soilsthat are both susceptible
andnonsusceptible toerosion. Itisimportanttonote thatthisargumentisonlyvalid
if the subsistence crop in the area is rice. There are of course, areas with other
subsistence crops {e.g., maize).

Category Serious soil chemical’ ) )
constraintand/or Without major soil
erosion hazard constraint

Good market access High input diversified Diversified fanning
cropping systems or or )
agroforestry systems cash cropping

Poor market access Shiftiigcultivation Subsistence cropping
systems

* Includes highly acid soils with potential aluminum toxicity /P deficiency.
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On soils that are susceptible to erosion, the slash-and-bum agricultural system
persist as long as population densities are low. As population densities, rise,
permanent cultivation systems evolve for low-input, low-yield rice production.
These systems are often characterized by rudimentary farmer investments for
erosion control (Pingali 1987; Pingali and Binswanger 1987). On soils not highly
susceptible to erosion, the incentives for diversification out of subsistence rice
production are low due to inelastic output demand for rice and nonrice crops.

The relationship between the flexibility of crop choice and erosion control
investments becomes very pronounced on the slopinguplands. Sloping lands are
extremely susceptible to soil erosion. There are various options for erosion control
tomaintain permanent croppingon these lands, ranging from grassy stripsto stone
wall terraces. Farmers' choice of erosion control strategy depends on population
pressure on the land, on market access, and on the appropriate erosion control
techniques available. Pingali (1990}, Fujisaka and Garrity (1988)argue that farmer
interest in erosion control measures is directly related to land values and market
access and is conditional on suitable technologiesbeing available to them.

Dominant Crop and Non-Crop Options for Sustaining Incomes

Income generating activitiesare classified as follows:rice production, nonrice crop
production, noncrop activities and diversified production systems. Noncrop
activities consist of off-farm employment, livestock husbandry, cottage industries,
and others. The dominant activity for sustaining income is defined as that activity
which provides the major share of income in a particular environment and season.
Table 7 provide the dominant income-generating activities for each season and
environment. Empiricalevidence on the sources of incomeby rice environments is
provided in Tables 8, 9, 10 and 11 for the Philippines, Thailand, Indonesia and
Cambodia, respectively.

Table 7. Dominant crop and non-crop option for sustaining incomes by environment

Environment | Wet season | Dry season l
Irrigated lowlands Rice Rice/monrice Crops
Rain-fed lowlands Rice Off-farm employment
Deepwater and tidal Rice Off-farm employment
wetlands
Uplands Diversified production systems
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Table 8. Sources of household income, ricefarms classified by environment, Philippines, 1988.
Rain-fed farms Upland farms Irrigated farms

Type of Percent of | Number of Percent of | Number of | Percentof | Number of
income total income| households | total income | household! | otal income | 1ouseholds
Rice incnme 48.1 48 3.0 39 56.7 129
Nonrice income 6.3 41 31.0 39 0.4 |
Noncrop income 9.0 39 16.0 50 65 60
Off-farm income 10 20 10.0 28 10.2 35
Non-farm income 356 53 40.0 15 26.2 95
Total value of

(in Pesos) 22748 '49 15777 '54 33975 132
income (in US$) 1078 748 1610

" Total number of samples for each category; some householdshave two or more sources of income.

Source: Social Sciences Division, IRRI. 1988.

Table 9. Number of wvillages, number of rural households, sources and levels of net household
income by province, Thailand, 1980-81.
Sources of net household income {baht/percent}
) Nonfarm
Region and umber of  Number of
province villages households Farm  Other sources Wage Other Total
Northeast
Khon Kaen 8 141 13275 3385 6627 4713 28000
47.4) (I121) 23D (16.8) (100)
Roi Et (rain-fed) 5 75 4889 6047 5514 5404 21854
(22.4) (27.7)  (25.2) (24.7) (100)
North
Chiang Mai (Upland) 9 163 6046 10629 11417 4095 32187
(18.8) (330) (35.5) (12.7) (100)
Center
Suphand Buri 3 42 29232 -409 9027 3461 41311
(irrigated) (70.8) (-1.0) (218 (8.4) (100)
All provinces 25 421 10643 6284 8544 4481 29952
(35.5) (21.0)  (28.5) (15.0) (100)

Sonree: Onchan and Chalamwong (Forthcoming).Rural off-farmincome and employmentin Thailand:
Current evidence. future trends and implications.
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Table 10. Proportion of total income by seuree, West Java.

Village District Agriculture Nonagriculture Total
sector sector
Sentul Serang 33 61 100
Mariuk Subang 82 18 100
Jati Cianjvr 52 48 100
Suka Ambit Sumedang 4 59 100
Balida Majalengka 63 37 100
Wargabinangun Cirebon 61 39 100

Source: Wiradi, Gunawan (Landlessness, tenancy and off-farmemployment inrural Java: A study of
twelve villages).

Table12. Distribution of farm household by source of income, Cambodia, 1989

Type of income Rain-fed Irrigated Recedinn floodplain
Rice income 99 1 54
Nonrice income 18 0 0
Non-crop income 71 9 2
Off-farm income 11 3 1
Non-farm income 73 11 2

Total number of

household 99 15 4

Duringthe wet season, rice will continue to be the dominantsource of incomein
al Ibutuplandenvironments. Thisisnottoimplythatriceisnotanimportantsource
of incomefor the uplands, but ratherto stressthe fact that the uplands have always
been very diversified. Several differentcrop and noncrop activitiesare possible on
the uplands duringbothseasons. Generalizingacrossuplandenvironmentswould
therefore be difficult.

Inthe dry season, one observesa mixture of activities for sustainingincomes. In
the irrigated lowlands, dry-season rice will continue to be the major source of
income. Areas with good market access and those near urban centers will
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increasinglydiversify to nonrice crops and vegetable production. The dominant
dry-season activity for the rain-fed lowlands and the deep water areas will
essentially be noncrop activities, off-farm employment, livestock production and
cottage industries. There is scope for post-rice crops on residual moisture, or pre-
rice cropsduring the early wet season. However, the share of totalincome fromthis
activity would be lower than that from the other activities. Dry-season cropping
activitiesin the rain-fed areas are limited because of technical problems in timely
and effective crop establishment, limited moisture (or excess moisture in some
cases),and generally modest yields and high-yield instability. Off-farm activities
will often be more dependable income sources, suggesting that dry-season crop-
ping intensitieswill remain low even if technical problemsin crop production are
solved.

The abovediscussionslead to the conclusionthat irrigated environments, while
having an absolute advantage (relativeto the other environments) in a rice-rice
cropping pattern, may, at the same time, have a comparativeadvantage in a rice-
nonrice cropping pattern. The extent of comparative advantage for the irrigated
lowlandsin dry-season diversificationdepends on the physical constraintsand the
market opportunitiesfor nonrice crop production. On the other hand, during the
wet season, the upland environments have both an absolute and a comparative
advantage in nonrice crop production.

DYNAMICS OF CROP DIVERSIFICATION

The Dynamics of Farmer Land Preferences

Withinan irrigated micro-environment, landswith the greatest preference for rice
production are heavy clay 0ils and lands that have the best access to irrigation
water (landsin the head sectionand fieldscloseto irrigationcanals). Yieldsalmost
always decline from the head to the &l o the irrigation system (Chambers 1988;
lingali etal.1990). Table 12summarizesdata from SriLanka on differencesin rice
yields and incomes by location along the head and tail reaches of an irrigation
system. Incomes and net returns to labor decline more sharply than yields
(Chambers1988). The unitcost of rice production would be the lowest on the head
landsascomparedto thatin the tail section, fields far from the irrigationcanalsand
those with more sandy soils (Pingaliand Masicat 1990; Wardanaetal. 1990).Aslong
as the returns to rice production dominate all alternative crops within the system,
the demand forand the price of the head lands will be higher than the othersin the
system.
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Table12. Averageyields, cost and net returns by eanal location, Gal Oya Project, Sri Lanka:

Uhana-Mandur Left bank Gonagolla
subsystem main canal canal

Top Tail Top  Tail Top  Tail
Average yield bushels
per acre (four seasons) 53 33 48 33 45 37
Cost per bushel of
unhusked rice in rupees 35 53 30 53 29 55
Net returns per family
labor day +27 -48 +28 -11 +44 -8

Source: Chambers 1988.p. 23.

Asthe relativereturns todry-season nonricecropsrise, one observesan increase
in preference for lands normally considered marginal to rice production. Within
the irrigated lowlands, the following could be considered marginal to dry-season
rice production: upper rice fields that are difficult to irrigate; well-drained soils,
sloping lands and stony gravelly land. All these lands would be more suitable for
dry-season nonrice crop production due to good drainage characteristics. Invest-
mentrequirements fordrainageare lower on these landsas compared to: low-lying
ricefields, heavy clay soilsand land with better water access. Wardanaet al. (1990)
document for the Cikeusik Imgation System in West Java, Indonesia, differences
inyieldsand net returnsforrice and nonricecrops (Table13). They find the relative
profitability of nonricecropsto increase on lands furtheraway fromthe head of the
system, to a point where water scarcity could be a problem. Pingali and Masicat
(1990) document similar cropping pattern choices for UTRIS in the Philippines.
Two cropsaf rice are grown on the upper portionsof the system, while onion, chili
and vegetablesare common in the midsection. Dry-season crop choices at the tail
ofthesystemareconditionedbythereliabi lityofwatersupply Wherefarmershave
access to pumps, nonrice crops are grown (Bacayag 1990).
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Table 13, Costant;g?elturnsp “ hest;rw"m bysection, Cikeusik Irrigation System, Cirebon, West
Java, Indonesia, 1988 L.

Item Head Middle Tail All farms
n=26 n=29 n=24 n=79
dean yield per hectare (t/ha) 9.7 10.5 8.4 9.5
dean price of onion (US$/kg) 0.16 0.17 0.16 0.16
[otal value of production (US$/ha) 1676 1822 1332 1590
Zosts of production (US$/ha)
Seeds 494 421 301 396
Fertilizer 137 134 86 116
Insecticide 177 231 143 181
Labor
Hired labor 556 468 423 477
Family labor 414 215 239 284
Other costs 150 76 168 134
lotal paid out costs of
production (US$/ha) 1514 1330 1121 1304
[otal variable cost of
production (US$/ha) 1928 1545 1360 1588
Returns above paid-out costs 162 492 211 286
(US$/ha)
Sross margin (252) 211 (28 2

US$1.00 = Rp.1,800
Source: Wardana etal. 1990, Table 13.

In the irrigated lowlands, when the dry-season returns to nonrice crop produc-
tion dominatethe returns to rice production, the demand for and the price of land
with the least constraints to diversification out of rice will be the highest.

Pingali et al. (1989) examine the changing land preferences in UTRIS in the
Philippines. Over the last five years, UTRIS has observed dramatic changes in the
preferences for dry-season cultivation of land and consequently changes in land
values. Thesystem consistingof areas of heavy clay soils (Lateral A), and areas of
sandy loam soils (LateralB) showed thatin the lastfiveyears, land preferenceshave
switched from the heavy clay soilsto the sandy loam soils. Land values in Lateral

A which were once the highest for the entiresystem are now dominated by Lateral
B.
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Dealing with Credit, Labor and Risk Constraintsto Diversification

The switch from rice monoculture to diversified farming requires substantial start
-up investments plus operating expenses. This switch is generally not possible
without long-term and seasonal credit arrangements. Where diversification has
occurred successfully, farmers have managed to acquire credit through private or
public sources. In UTRIS, the main alternative to dry-season rice production is
onion. The creditconstraint to onion production has been alleviated by arrange-
mentswith onion traders. Onion traders from San Jose City provide creditfor the
purchase of all the required inputs in exchange for acommitmentfrom the farmers
that they have the exclusive right to purchase all output at the market price at
harvest. No interest is charged for this credit, but the traders benefit substantially
from the substantial price increase between the harvest and post-harvest months.
This price increasemore than offsetsthe foregone interest chargesand the storage
costs, Similarcreditarrangementsfrom merchantshas been observedfor vegetable
and sugarcane production in Suphan Buri, Thailand where longer-term credit is
provided by the government and the agricultural cooperatives.

Relative to rice, the per hectare labor requirements for onion, vegetables and
other high-value crops are substantially higher. Providing temporary drainage
structureswhich requires laboris an essentialactivity immediatelyfollowingarice
harvest. Planting, weeding, harvesting and post-harvest operations are also
extremely labor-intensivefor these crops (Table14). Recentresearch by IIMI in the
Philippinesestimated the mean labor demand for rice, mungbean, onionand garlic
as 85.7, 68.7, 468.5 and 241_0man-days per hectare, respectively. Labor require-
ments for nonrice crops are higher at the head of the system than at the lower
portions, presumably because of the greater need for drainage investments in the
former (Wardana et al. 190).

Diversifiedcroppingaggravateslabor peaksbetween the harvest of the rice crop
and theplantingof thenonricecrop. Thelandpreparationactivityformonricecrops
followingrice crops would require breaking the rice hard pan (the compact soil
surface caused by puddling rice soils). If this hard pan is not broken, there would
be problems with root penetration and hence the establishmentof a nonrice crop
(Zandstra 1990). The power requirement for this soil modification is higher on
heavy clay soilsthan on the lighter soils. Mechanization can, to an extent, alleviate
this labor peak. However, the machine power required for upland crops is
substantiallygreater than that required for puddling rice fields. Thisincompatibil-
ity in machines can be overcome by contract hire operations, but these would be
profitable only when large areas are grownto nonricecrops. Expansionof nonrice
crop area is constrained by, among other things, the nature of the output market,
the supply d labor, the prevalence of credit contracts, and farmers’ aversion to
production and price risks.
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Table 14. Relative costs and return (/ha) to palay and onion production, dry season 1988, UTRIS,
San Jose, Nueva Ecijn, Philippines.

Inputs Palav Onion
Seeds 644 6086
Fertilizer 1150 247

Pesticide 433 917

Other costs 2320 5469
Labor costs 3743 7630
Total costs 8290 22634
Gross Income 13863 71751
Net Retum 5573 49117

In addition to crop labor requirements, the supervision time required of the
farmer is significantly higher. Supervision time rather than the higher labor
requirementsissuspectedtobethedominant labor constraintto high-valuenonrice
cropproduction. Thiswouldbeso, giventhe highly inelasticnatureof management
labor availablein the farm household, while hired labor supply being augmented
by seasonal migrantstends to be relatively more elastic. In UTRIS, the supervision
constraint for larger onion producers (greater than 2 hectares) was overcome by
dividing their farms into two,cultivating one part and providingthe other part to
seasonal tenant farmers. Seasonal tenant farmers either come from Lateral A or
from neighboringareasto cultivateonion during the dry season. These farmersget
land andhalfof the purchased inputsfrom the landownerinexchange for 50 percent
of the total production.

Unlike in the case of rice, price risks dominateproduction risks in nonrice crop
production. In UTRIS, seasonaltenancy arrangements, could also be a method of
diffusing price risks associated with nonrice crop production. The meansby which
the smaller onion growers do this, is to divide their farms into two, cultivate one
partand give the otherto aseasonaltenantwho paysafixedrent of pesos 3,000 per
hectare plus water charges. Thisway the landowner gets a certain income from a
part of his land and gambleson the remainder. The supply of seasonaltenants has
been increasingover the last few years, especially from Lateral A and similar lands
with agronomic constraints to diversification.
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Collective Action for Water and Land Management

Inirrigated environmentsthat haveadiversified croppingpattern, collectiveaction
isneeded, a) toensureadequatewater supply,b) to regulatetimingofwatersupply,
and c) to prevent excesswater into the nonrice crops. In the Philippines, collective
action is achieved through the formation of Irrigators’ Associations (Pingali et al.
1988}, in Indonesiathrough Water Users” Associations, in Bangladesh through the
Farmer Cooperative Society (Hakim 1990)and in India through the formation of
Water Cooperatives (Chambers1988).Theseassociationshave similaroperational
constraints. The main problemwith organizinga viable associationis that farmers
at the head of the system do not have as much of an incentive tojoin as farmersat
the lower parts of the system since they have a relatively better access to water.
Farmersat the lowerend of the systemfind that their accessto water improvesonly
marginally by joining the association since the inefficiency of water use or water
stealing by the head farmers continues. It is only the mid-section farmers that
benefit from the formationaof a Water Users* Association. In UTRIS, asreported by
Pingali et al. (1989), farmers in Lateral B are well-organized in an Irrigators’
Association, while farmers in Lateral A despite several attempts have failed to
organize themselves. Lateral A is located in the upper portions of the systemand
thushas adequatewater supply during the dry season. Moreover, the entire lateral
growsrice, hence the need for in-season regulation of timing which is minimal but
there isno problem of having too much water in the field. Farmersin Lateral B, on
the other hand, grow exclusivelynonricecrops (onion)during the dry season. The
timing of water supply is important. Water flow has to be regulated to prevent
excess water flowinginto the onion fields. Hence, the need for collective action in
B and the success in organizing into an Irrigators’ Association.

Collectiveaction although desirable may not always be feasible. Farmers at the
tail end of Lateral B organized themselvesinto an Irrigators’ Association but they
found that thisdidnotresultinanyincreaseinwater allocationto their farms. There
was not enough dry-seasonwater to servicethem. After two years, these farmers
stopped paying membership fees to the Association and began depending exclu-
sively on pumps for meeting their water needs.

The experience of Bangladesh in the organizationdf Irrigators*Associationshas
been similartothe Philippinesexperience.Inthecountry’s largestgravity irrigation
system, farmers at the tail end abandoned efforts to securereliable water supplies
through the collective pressure of an Irrigators’ Association. But at the head of the
system repeated effortsto organizean associationfailed sincethese farmershaving
adequatewater hadnoincentivetojoin anassociation(Hakim1990).Hakimreports
that collective management was more successful in the relatively smaller pump
irrigated systems than in the large gravity irrigation systems. Chambers (1988)
reports on the Indian experience with Water Cooperatives where failures were
common despite substantial government encouragement and support. Associa-
tions designed to improve efficiency of water use and equity in allocation have
generally not worked because their design does not adequately consider:the head
farmer-tail farmer conflict; the differential incentives for joining the association;
and the high overhead and managementcosts involvedin running the association.
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Anissuerelated to collectiveaction is one of efficiencyof irrigationfee payment.
Experiencesreported from Bangladesh and from the Philippinesindicate substan-
tial inefficiencies in imgation fee collection. Hakim (1990) reports that there is a
wide variation in collection efficiency among the different imgation systems.
Collection efficiency was relatively higher in private schemes and in the small
tubewell schemes. In large gravity imgation schemesthat are publicly managed,
the efficiency of fee collection is very low. Fanners at the head of the system can
affordtoshirkon feepaymentsincethey canresortto ‘water stealing,” while farmers
at the tail of the systemare not assured of adequate water even if they are regular
intheirirrigationfeepayment. Philippineshashad similar problems withirrigation
feecollection.In UTRIS, farmers close to theirrigationcanalare themostdelinquent
in fee payment while farmers far from the canal had to make regular payments in
order to ensure that they get at least some water (Table 15). Farmers far from the
irrigation canal, whilebearing ahigherburden of the irrigationsystem cost receive
a smaller share of the benefits.

In order to increase the farm-level efficiency of water use at the head of the
systemsand in fields close to the canal, two conditionsare required (i)irrigation
fees have to be based on the number of applicationsrather on a fixed rate; and (ii)
more involvementis required of Irrigators’ Associations in monitoring water use
and fee collection.

Table 15. Payment of irrigation fees

Lateral | Distance Paid | Not Daid
A Near 1 2
Far 2 2
B Near 2 4
Far 3 2
MC Near 3 5
Far 13 |
24 16

Source: Pingali et al. 1989

Collectiveaction for land management for uplands and the lowlands is equally
important. In the uplands, group action for making watershed-level investments
for erosion control are essential for developing long-term sustainable cropping
systems. Slopingland managementsystemsin the Philippines and terraces in West
Java are examples of such collective effort (Fujisaka 1990; Soemarwoto and
Soemarwoto 1984). Intheirrigated lowlands,crop choice decisionmaking requires
collective consensus, on whether the crops are to be grown at the system or the
lateral level; without sucha consensusthe ability of farmersto influencethe system
management to change water allocation rules for nonrice cropswill be limited.
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Finally, securityof land tenure iscrucial for making long-termland investments
required for diversification from rice to nonrice crops and nonrice enterprises.
Formal landownership as characterized by the possession of titles also helps
farmers in acquiring credit for making the necessary investments in the land.
Evidenceon landownershipand investmentisprovided for Thailandby Federand
Onchan (1987)and Chalamwongand Feder (1986).

IMPLICATIONS FOR RESEARCH PRIORITIES FOR RICE AND
RICE-BASED FARMING SYSTEMS

Given current technology, farmer crop-management practices and the long-term
decline in real rice prices, the decline in the profitability of rice production is
expected to continue. Rice farmers will continue to face pressures to seek
alternative income-earning opportunities. Sustaining the profitability of rice
production in the face of competing opportunitiesfor resourceswill require farmer
accessto technologiesthat either a) increaseyields, b) increase input efficiency,or
¢) increase cost of rice production per hectare.

Irrigated Lowland

In the short to medium term, understanding thecausesof thedeclineinexperiment
station rice yields must be a priority. A better understanding of the causesof this
decline is essential in arresting and reversing the trend. If the trend toward
declining yields is not reversed, the implications for future national production
trends and to the economicviability of rice cultivationare seriousindeed. Perhaps,
this issue, which has not received significantresearch attention to date, must rank
as important as that of increasing the yield ceiling in the future.

Long-term research will, of course, concentrate on breaking the current yield
ceiling. But the relevance of a higher yield is conditional on crop husbandry
techniques that can sustain the yield gains. Sustaining current yield gains would
require the identification of the optimal crop management techniques and under-
standing the net effects of the interactions of the various component technologies.
It is unlikely that there will be one general prescription to achieving incremental
yield gains. Rather, one suspectsthe answer will differ from location to location.
This reality highlights the importance of close collaborative research between the
national programs and IRRI in sustaining the yield gainsalready achieved.

Research into appropriate crop managementtechniques should investigate the
comparative long-term productivity of the continuous cropping of rice versus
alternative rice-based cropping patterns. Providingbreak cropsin arice cropping
system helps to maintain or regenerate soil fertility, reduces weeds and pest build-
up, and provides more diversified options to sustain farm incomes (Westcottand
Nikkelson 1988). Grain legume crops such as mungbean or cowpea, leguminous
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greenmanures, or vegetablecropsmay be particularly suitable rotation crops with
rice. Wheatand maize are not only popular rotation crops, but nutrient-demanding
cereals. There isa concern that yields in rice-wheat rotations are also decliningin
some areas.

Input-saving technical change like integrated pest management, integrated
nutrient management, direct seeding techniques in place of transplanting, and
more efficient water use shows the savings in purchased input use with the
adoption of these techniques (Table 16 and 17 are examples for direct seeding).
Pesticide use in Laguna declined significantly without a consequent reduction in
yieldsper hectare during the period 1984-1987.Theaveragenumberof applications
per season dropped from 3 to 2 and the average dosage per application also
declined. These data indicate a more judicious use of chemical pesticides.

Table 16. Distribution-ricefnrms switching from transplanting to direct seeding, dry season 1980-
1988, Philippines and Thailand.

Philippines 1980 1988 Percent change
Transplanting 153 71 -115.49
Direct seeding 14 112 87.50
Thailand 1982 1988 Percent change
Transplanting 75 19 -294.74
Direct seeding 71 127 44.09

Table 17. Comparative input use for transpinnted and direct seeded rice, Nueva Ecijn, Philippines.

Dry season, 1988 Percent change
Transplanted Direct seeded

No. of sample (parcel) 71 112 36.61
N (kg/ha) 95.21 103.2 7.74
P (kg/ha) 27.01 20.06 -34.65
K (kg/ha) 22.03 13.22 -66.64
Seed (kg/ha) 196.04 161.62 -21.30
Pesticide (P/ha) 551.00 708.00 22.18
Yield/ha (kg/ha)} 4966.57 4963.83 -0.06
Labor use

Family 24.74 14.09 -75.59

Hired 70.83 36.02 -96.64
Total 95.57 50.11 -90.72
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Integrated management research that critically addresses the contribution of
every production factor to the overall cost and productivity can substantially
reduce input costs but maintain yields in many cases. Figure 5 shows how
production costs were reduced in Columbia by the equivalentof 1.2t/ha without
affecting yields. This had dramatic effects on the profitability of rice production.
Such work may be essential in counties where there is a real concern that current
rice production levels cannotbe maintained if the current low profitability of the
rice enterprise continues.

Figure 5. Savings in production costs in irrigated rice by changing from conventional to improved
crop management, 1986.

Conventional Management Improved Managemenl

Pests 6.8% Weeds 5.4%

Pests 0.2% \
Diseases 1.7%

Seeding 10.7% /

/

Seedin7 6.4%

Weeds 8.1%

Savings.21.9%
Diseases 9.0% Z

Other costs 64 4%
\
Other costs 64.4%

Total costs: P 5162ha; Average yield: 5234 kg/ha; Total costs: # 3994/ha; Average yield: 5234kg/ha

Source: CIAT. 1987
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Given the decline in real rice prices and the stagnant rice yields, there is an
incentive for farmers to adopt efficient input use technologies. The increasing
importance of off-farmincome and othernenrice activitiesasa result of increasing
income diversification make labor-saving technologies very attractive. However,
technologiesthat provide efficiency gainsare extremely knowledge-intensivesince
they require substantiallygreater levels of farmerjudgementand supervision. The
generationandadoptionof thesetechnologieswouldrequirehighlevelsofnational
program involvement.

Diversified cropping patterns in the irrigated environments can be a definite
strategy for increasing the efficiency of input use, the objectivebeing to maximize
the residual or carry-over effectsof inputs fromone crop to the next. The common
exampleisrice legume systemswhichallow for lower levelsof nutrient application
for the subsequent rice crop. In wheat-rice systems, the P applied to wheat is
efficientlyavailableto rice (sinceP availability increasesin the flooded soil). AlsD
rice-break crop systems are available for reducing pesticide demand for the
subsequent rice crop. An issue that has not received sufficientresearch interestis
optimization of input use over the entire cropping pattern rather than on a crop
basis (Kundu and de Datta 1988). This ought to be the strategy of a rational farmer
in diversified agricultural systems.

Rain-fed Lowlands

Therain-fed lowlands are extremely diverse,but in general, rice yields and further
intensification in these environments are constrained by production instability
resulting from a highly variable field water regime. Drought, submergence, or
prolonged waterloggingseriously affectrain-fed lowland rice in differentenviron-
ments. To raise yields, it is essential to introduce technical innovations which
overcome or alleviatethese constraints. The developmentaof more stress-resistant
cultivars can significantly improve yield stability. For example, the increased
submergencetoleranceof late generationcultivarsisencouraging(Mackill personal
communication).

A more holistic diagnosticapproach will be required in future research on rain-
fed rice to accelerate yield improvement and reduce yield variability. Improved
crop and water management practices are essential for achieving and sustaining
higheryields. However, input useefficiencyinthe rain-fedlowlandsis very closely
related to the reliability of the water regime. Where the reliability of water supply
is low, the efficienciesof input use will necessarily be low.

Perhaps, less than 20 percent of the rain-fed rice area is cropped to anything but
a singlerice crop per year. Increasing the intensity of cultivationon these lands is
promising. The demand side constraints to increasing cropping intensity are
discussed in detail in Pingali et al. (1987) and Binswanger and Pingali (1988).
Intensification of land use is induced by population densitiesand market demand
for the output.
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Technically,double cropping of rice on the favorable rain-fed lowland areas is
possible with the early maturing varietiesand the more determined research on the
management constraints. However, the real potential for increasing cropping
intensities lies with expanding nonrice crop production. Among the supply side
constraints to crop intensification in the rain-fed lowlands the following deserve
specialattention: a) bettercropestablishmentpracticesforthe pre-rice and post-rice
crops, and b} abetter qualitative understanding of thecompetitionforlaborbetween
crop and non-crop activities during the nonrice growing season. Pingali (1987)
provides an example of the latter for Northeast Thailand, where attempts to
encouragea pre-ricegreen manure crop are hamperedby the high cost of foregone
wages from off-seasonwork in Bangkok.

Uplands

Inthe Asianuplands, rice isgrown primarily asasubsistencecrop. Very littleupland
rice is marketed, which is understandabledue to tworeasons:a) the upland farmer
has a wide range of crops to produce for cash income other thanrice; b) the relative
profitability of rice productionis quitelow. Thesefactorsprovide abackdropto the
unique research imperativesfor the upland fanning systemsin which rice isgrown.

Upland rice yields are highly unstable due to drought, blast disease, weeds, and
other stresses. Riceyieldsare often unsustainable due to productionon highly acid,
erosive soils which drastically lose their production potential after a few years of
cropping. Technology development for upland rice must be directed primarily to
stabilizing and sustaining yields, as it attempts to modestly improve them.

The development of ecologically sound and economically attractive crop rota-
tions,within which upland rice is produced, willbe amajor vehicle for meeting these
objectives. Upland rice researchinmostenvironmentsoughttobeconducted within
a framework o an overall land management strategy, in which appropriate
investmentsin erosion control at the farm level are part of the research strategy.
Diversified cropping in the uplands will be an essential part of a viable and
sustainableupland farming system.
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Summary/Highlights of Discussions

Synthesis Papers

THREE parERs WERE prepared to present the synthesis of results from the three
countries concerning the technical considerations and socioeconomic issues on
irrigation system management and on-farm level management for crop diversifi-
cationin rice-based irrigationsystems. Thesewerepresentedand discussedby Drs.
Miranda, Bhuiyan and Pingali for the main system management, on-farmmanage-
ment, and socioeconomic issues, respectively.

1. Target ofrecommendations. It is very important to consider that in making
recommendations,the targetsshould be clearly specified. Indealingwith the
main irrigationsystem, the problemsin managing the main irrigationsystem
should be addressed properly. Even the social aspects like the regular
meetings between agency staff and farmers cannot be disregarded.

It would seem though that irrigation management has been discussed in
generalterms. The recommendationswere encompassingand can probably
apply to any type of system. Thisshould be expected instead of coming out
asasurprise. Considering the various country-specificobjectives, it may be
noted that in thecaseof Bangladesh, the growingof riceisstillvery much the
focus, and in terms of improvingthe management of the irrigationsystems,
rice is still emphasized. Even the rotation that is recommended is not
oriented to nonrice but more to stabilize the water supply and make it
reliable for rice production. While the emphasis in the Philippines and
Indonesia may be on how to manage the irrigation systemsconstructed and
designed for rice to be ableto produce and accommodatenonrice crops, the
process of setting the objectives will be essentially the same. There may be
differencesbutthereshould be certain commonalities because what is looked
at is the same re- source used to produce rice during the wet season and to
produce nonrice crops in associationwith rice during the dry season.

2. Productive technology and pilot testing. There is a fairly strong recommenda-
tion for field-testing. In the pilot-testing process, it is not the researcher nor
theirrigationstaffwhowilldetermine thetechnology tobepiloted. It should
be a tripartite arrangement with the farmers. It is a successive type of
approximation where the researcher will supply the information on the
innovativetechnology tobe tied and presentthistoboth the irrigationstaff
and the farmers. Once there is agreementamong the three, it can then be
field-tested, considering the defined responsibilitiesof each. Thequestionof
how long the testing should be done so that the irrigation staff and the
farmers alone will continue on their own has yet to be addressed.
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. Yield decline and sustainability. Over a period of 5,000 years, the rice systems

o Asiahave been the most sustainablein agriculturethat the world has ever
known. However, there isstillthe question of the sustainabilitydf the more
diversified and intensified production of having two or three crops a year.

- Rice prices. Looking at the period from 1900to 1970, the data on the pricesdo

not allow any other interpretation as a group except that the world rice price
has been constant. There is a series of declineswhich had been interrupted
by major world events. During the Europeanwar of 1914to 1918,therewas
an increase in rice price but this did not have a long-termeffect. There was
another decline until the Japanese invasion of Chinain 1936 when the price
stayed high. Itagaindeclined and increased with the Koreanwar. Another
increase was observed in the early ‘70s because of the al price crisis.
Therefore, one should be careful in using the data to predict policies on the
basis of likely trends in world prices which are brought about by major
nonagricultural events.

. Diversification, issue or nonissue. On the issue of whether cropdiversification

will happen or not, it seems that there is a need to consider the questionsof
demand and dietary changes. The increasing affluence in Eastern and
Southeast Asian countries has resulted in diversifyingdiets as reflected by
adecliningpercapitaconsumptionofrice. Thistendencyisexpectedto carry
onfor decadesas the countriesmove up the wealth scale and the reliance on
asinglemajor stapledecreases. Thus, thereis littledoubtthat diversification
is going to happen.

Actually, diversification is an essential part in the economic area. It is
happeningwhereverincomesaregrowinganditdcesnothave tobepushed.
One participant claims that when the conditions are right, diversification will
take place, and will take place completely on its own without government
involvement.Forexample,in Thailand, whichhasthe highestdiversification
in the region for the last ten years, 80 percent of the 200 farmers monitored
have moved from a rice monoculture to diversified production without the
governmentbeing involved at all.

. Government intervention I crop diversification. Another participant pointed

out that nowhere in the world, including the US or EEC, have farmersbeen
allowed a freehand in farm decision making. The governmentsin one way
or another havebeen involved in monitoringsignals. Thereisa strongneed
forgovernment support in the poor countries to push crop diversification.
For example, the governmentmustbe consciousenough to limit the impor-
tation of soybeanand provide other incentives for the local farmers to grow
soybean.

The point is, if the market signals reach the farm, the farmer is in the best
position to decide. When the demand for vegetables and fruits in Japan
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increased substantially, the Government of Thailand just opened up the
exportmarket. Itmadesurethat therewerenoexport taxesandnoregulation
on exports, just physical regulation. Therewas no organized diversification
program, but the central plains of Thailand, which constitute the major rice
bowl in Asia, moved from a rice-rice system to a rice-nonrice system. Much
of the exportable surplus of rice comes from the rain-fed lowlands and not
from the irrigated areas.

What the Government of Thailand did was to remove any restrictions that
may have been existing. It adopted a completely free market which is the
opposite of what is being recommended by other government policies.

Indonesia has a different experiencein increasing agricultural productivity,
having gone through several decades of fairly high support for agricultural
development. There were subsidieson inputs, crop targeting systems, and
a great deal of governmentinvolvementto ensure agricultural productivity.
Thisbrought Indonesia from a net importerof food cropsto a position of self-
sufficiency. However, it also increased the budgetary burden on the
government’s part. During the last twoyears, many of these subsidieshave
beenremoved. Thequestioniswhether thecountrywillremainself-sufficient
in rice if the subsidies will be withdrawn. The projection of the Harvard
Institute of InternationalDevelopmentteambased in Jakartaisthat thisyear,
Indonesia will be importing approximately a quarter million tons of rice,
which can increase further.

Farmer association/organization/participation. Participation would perhaps
improvetimingof waterdelivery. Becauseof more timingproblemsin raising
nonrice crops, setting up a Water Users’ Association may improve it.

In the Philippines, there is growing evidence to show the benefits from the
involvementadf Irrigators’ Associations in even nonwater aspects like credit
and input supplies. In a comingworkshop to translate the research findings
intoactionplans, one major considerationistheestablishmentaf cooperatives
under the Irrigators® Associations without disturbing their identity.

. Credit. Publiccreditinstitutionshave influenced in many ways the growth in

agriculture in Bangladesh. There is no doubt that the credit systems have
contributed to agricultural growth, and this does not need verification.
However, no study has yet proven that credit institutions have led to
agriculturaldevelopment. AWorld Bank review of creditexperiencesacross
Asian countries last year showed that government-managed credit contrib-
uted littleto agriculturedevelopment. The more successful credit came from
the private sector. Government credit institutions have had a very poor
record in performance.
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Summary/Highlights of Discussions

Group Reports and Wrap-Up

THEsesston essENTIALLY consisted of the presentation and discussion of the outputs
of the three working groups which were given the task of looking at, in greater
detail, the different issues related to irrigation managementboth at the farm and
system levels. These issues included the technical, social, economic and institu-
tionalconsiderationsthatshould begivenattentionto, in diversifyingriceinigation
systems. Conclusionsand recommendations, primarily based on the results of the
three-year study on imgation management for rice-based farming systems, were
identified and agreed upon.

Group Reports

GROUP A MAIN IRRIGATION SYSTEM MANAGEMENT IN
RICE-BASED FARMING SYSTEMS

Background Issues

Therewere differencesin the objectives,croppingcalendar,and climaticconditions
between Indonesia and the Philippines, on the one hand, and in the Bangladesh
situation, on the other. In the humid tropics, there are no seriaus constraints to
growing rice except the problem of water supply. In Bangladesh, the problem is
sequential, between the dry winter season and wet summer season. It is then a
question of timing the activity so that the seasons do not fall into each other and
constrain cropping choices.

Thereisalsoavery big differencebetweenthe large gravitysystemsin Indonesia
and the Philippines, and the tubewell systems in Bangladesh. Thetubewellsystems
havetheadvantageofafairly steadydischarge, making time allocation as the major
concern of management. In gravity systems, there are variations in the discharge,
in the head, and in the timing, making the management task more complex.

Lessonsthat canbe learned from other irrigationenvironmentsmay be helpful.
In the dry environmentof Pakistan, Morocco and Sudan, for instance, diversifica-
tion has been practiced for quite sometime. It may be that management issuesin
those countries are simpler or better understood. It may be good to make some
comparison between these dry areas where diversification has been well-estab-
liithed and those in the humid tropics which are purely rice-based.
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Responding to Diversification

If the external environment is encouraging the farmers to diversify, how should
main system management respond? The group agreed that changes should be
introduced in the planning, implementation, monitoring and evaluation proce-
duresbeing followedby the irrigationagency. The objectivesd the plan shouldbe
made clear and the plan should be translated into clear operationalrules. It was
strongly recommended that fanners' organizations be a part of the planning
process. Also, part of the process shouldbe a good prediction of reliability of water
availability.

Water distributionshould pay more attentionto reliability of timingthan trying
to meet adequacy. The fanners can do the fine-tuningat the lower level. Plans
should be known by all (agency and fanners), and should have the flexibility to
respond to different levels of water deficit.

Rotationalimgation in someformisalmostinevitable. First, there should notbe
overirrigation. Nonrice crops can easily be damaged by overirrigation. Second,
eventhough the demands in terms of dischargeper unitareamay be reduced, there
isstillaneed to maintaina higher head to push the water around faster. It was also
the consensus of the group that rationing by time is easier than rationing by
discharge.

There is a perceived need for different levels of rotation to cope with different
levels of water deficit or supply. One rotational plan may not be sufficient. The
selection of alternative rotational plans should be agreed upon by the imgation
agency and the farmers. This should consider: a) suitability for farmersin terms of
differenttypes of delivery patterns;b) manageabilityby the agency; and ¢) technical
feasibility in terms of conveyance, limitations, cross-regulations,etc.

As much as possible, the plan should be followed strictly and early warning
should be made whenever there is any change. This needs reliable and effective
communication — an effective information management. Monitoring and feed-
back evaluation will be useful in making the implementation more effective.
Information management becomes an almost impossible task if the strategy is to
meet actual crop water requirementswhere demand vanes both in time and space.

Unresolved Issues

Therewere issues that were unresolved due to inadequateinformation. Theseare:

a. Design d main system. The irrigation systems in Bangladesh,
Indonesia and the Philippines are different in design, so it is
difficult to make any comparison. Are the physical facilities
enough to have some kind of rotation or is it necessary to put in
temporary structures to do it?

b. Crop choice. Should the government get involved directly through
such a mechanism as crop plans? Are we trying to plan the crops
to be planted or giving a water right and letting the farmersmake
the individual decision?
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Physicalenvironment. Thisreferstowhatshouldbe done insystems
that are not homogeneous, i.e., when some portions of the system
are very good for growing rice while the others are not because of
different soils, drainage conditions, etc. Will everybody still get
equal water supply or is there a need to make some proportional
allocation accordingto the physical environment?

Main system management versus strategic management. There is a
need to clearlydistinguishbetween specificrecommendationsfor
operation and maintenance monitoringand specific recommenda-
tions for planning, evaluation and modification.

GROUP B: FARM-LEVEL WATER MANAGEMENT FOR RICE-
BASED FARMING SYSTEMS

Factors which Influence Options for Change

Income stability was identified as the major considerationinfluencing the farmers'
decision to diversify or not. In terms of crop choice, the farmers will eventually
think of how much gain or profit will accrue from adopting a certain cropping
pattern. Considered here are the benefit-cost ratio, market information system,
local and international markets and area programming. The government may get
involved in terms of idenhfying what and how much area should be devoted to a

certain crop.

Other factors that influence the options for change are:

a.

Availability d adequate water. With adequate water supply, the
farmerscanhaveavarietyofoptions. Theycangrowriceornonrice
in combination. If the water supply is inadequate, then the option
is to grow nonrice crops or reduce the area for rice.

Land suitability. The suitabilityof the land in terms of soil texture,
capacity to store moisture, drainability, etc., significantly affects
the choice of the crop.

Climatic conditions. Onion, forexample,should not receive so much
rainfall, particularly during the bulb formation,to avoid damage.

Availability ¢ management technology. Farmers may not grow a
certain crop if there is no available technology to grow it.
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e. Time constraint. This is particularly important in increasing the
intensity of cropping. When the harvest of the firstcrop of rice s
delayed, the next crop will eventually be affected.

f. Farmers’ preference and resourses base. The fanners have their own
preference for planting certain crops in certain seasons. Shifting
frompuddled to nonpuddled soil conditionsrequires some type
of implements to facilitate the conversion from one condition to
another.

g Tenurial status. Landownersmaywant toplantcropsof theirchoice
and even lend some parcels of land to different fanners to plant
different crops.

Responding to Changes

Both the farmers and the irrigation agency should respond to changesthat occur.
At the farm level, the farmersshould assume more responsibility in water sharing
and the provision of additional facilities that are needed to support nonrice crops.
Observationshave shown that the farmerscan adequatelyhandle the construction
of these additional facilities.

The on-farmchangesshould complementthe greater responsibility for monitor-
ing field activitiesand irrigation deliveries at all levels by the irrigationpersonnel.
Theagencyshould exploregroundwateruseand nightstorageto supplementwater
supply. It should review the policy on irrigation service fees vis-a-vis water
conserving practices such as mulching and water augmentation. The irrigation
personnel should also improve their linkages with the farmers. This is for better
technology transfer and better understanding among all involved in irrigation
management. Training and organizing farmerscan address this requirement.

Utilizable Technologies
The group also identified technologies that are already utilizable. These are:

a. Water table control. This can be done in specific areas but further
tests are needed in areas with heavy clay soil.

b. Zero tillage and mulching. This can be done for optimal use of
residual soil water for mungbean and onionand for water conser-
vation.

c. Water augmentation using groundwater. In some areas within the

irrigationsystem,waterpumpedfromshallow wells has been used
to irrigate during the later part of the dry season.
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d. Method d irrigation. The basin method o irrigation has been
adopted by some fanners; s can also be applied in other areas.

e. Timing d irrigation. Optimal yields have been obtained when the
soilmoisture depletionwas not allowed to go beyond 4G percent of
the available soil moisture.

f. Cropping pattern. Rice-mungbean-maizepattern has a higher pro-

ductivity than the rice-rice-nonrice pattern for systems without
adequate water.

Further Research

Further studies are needed on the following:

a. Evaluation of plow-broadcast-harrow method of tillage as com-
pared with other methods of crop establishment.

b. Techniques for improving water use efficiency and productivity
for rice.

C. Tolerance of direct seeded rice to water stress

GROUPC ECONOMICAND INSTITUTIONALISSUESIN IRRI-
GATED RICE-BASED FARMING SYSTEMS

Dry-Season Cropping Options

Thedifferentcroppingsystemsthatthe farmers may considerduringthedryseason
were identified. These include leaving the land fallow, planting nonrice crops
alone, growing combinations of nonrice crops or rice and nonrice crops, and
planting dry-season rice crop.

Major Factors Influencing Options

The factors that influence the different options are: a) crop scheduling /timing, b)
tenurial status,.c) input and product prices, d) land suitability, e) drainage
constraints, f) availabilityof residual soilmoisture, g)experience / skill/ attitudes of
farmersand irrigation agency, h) labor and farm power, i) farmer controllabilityof
water, j) availability of and access to technology, and k) government policies.
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Responding to Changes

With diversification, there will surely be variability in water demand both in time
and space, increase in cropping intensity and increase in farm ditch and drainage
canal densities. The imgated area can be expanded. Management over time may
be needed and irrigation service fees may have to be adjusted.

Again, inrespondingtothese changes, the demand for managementby both the
farmers and the agency may increase. Reliable irrigation delivery will be needed,
conjunctiveuse of surface water and groundwater should be enhanced, drainage
information should be considered, and most of all, coordination among farmers,
between farmers and irrigation agency, and among agencies, should be strength-
ened and maintained. Considerable information and a number of technologies
havecomeoutoftheprojectwhichcanbefurthertestedwititheendinviewof fine-
tuning for ultimate adoption and institutionalization.

DISCUSSION

The discussion followingthe presentation of the three reports led to a deliberation
of several issues, the most critical of which are:

Irrigation Services Fees

Policies on irrigation service fees should be reviewed considering the differences
in managing the system for rice versus nonrice. Consideration should be given to
farmers who are using water more efficiently,or who practice water conservation
measures like mulching and water augmentation. It was also suggested that the
review look at strategies to encourage farmers to pay irrigation fees.

Tenurial Status

The status of land tenure has implicationson farmers’attitude towards improving
land productivity. Not owning the land deters the farmers from using the
recommended technologies in their farms. The landlord-tenant arrangement also
does not provide a clear indication as regards membership in Irrigators’ Associa-
tions and the payment of irrigation service fees. The present situation does not
provide any mechanism to address the problem, or to improve land productivity
through crop diversification.

Farmers’ Decision to Diversify
A number of factors influence the decision of farmersto plant rice or nonrice, for

which they should be allowed adequate flexibility. However, such flexibility
should consider not solely the farmer‘s own benefit but alsoits influence on other
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farmers and the flexibility of the imgation system itself. What may be done is for
the imgation agency and other support servicesto be ready with optionsto match
the requirements of not one but a larger group of farmers. Likewise, the agency
should also have some kind of mechanism to influence the farmers.

Farmers’ Organizations

Organizing farmers may not be an absolute necessity for effective irrigation
management. In Pakistan, where water is delivered by fixed turns, the irrigation
system is operatingalright. The farmersuse the water as they see fit. Thiscannot
be done inthe Philippines, Indonesiaand Bangladeshwhere thereisno fixed water
right for the farmers. Somehow, there is a need for the sharing of responsibility
between the farmersand the agency. The nature of the sharing arrangementwill
depend on the sociopolitical situation in the area where the system is located.

RECOMMENDATIONS FOR FUTURE ACTION/RESEARCH

The various papers presented, the reports of the three workshop groups and the
discussion throughout this workshop point to one direction: the project may be
completed, but much remains to be done. Useful information and technologies
have emerged which are expected to enhance irrigation management. However,
the participantsstrongly feel that these should be furtherevaluated through some
kind df piloting. Itis anticipated that a gradual internalization process is needed
to really feel the impact of the recommended innovations.

An action plan is called for to implement the findings so far obtained. A more
active participationof the irrigation agency and the farmersis envisioned. Other
agencies involved in agriculture from production to marketing should likewise be
included. The involvementof the research group will diminish as the recommen-
dations are adopted and institutionalized.

Asresearch isadynamicprocess, the projecthaslikewiseprovidedideasorareas
for further research. It was pointed out during the discussion that drainage
problems have not been given due attention. Basic drainage facilities should be
provided, particularly for upland crops. Farmers’ motivation to participate in
irrigation management should be studied in greater depth than its relationship to
the formationof the Irrigators’ Associations. Sound agency-farmer relationship is
anecessarypartofdiversificationbuthasstillalongwayto go. Thishastoberelated
to reliability of water delivery and variability which cannot be controlled. A
practicalmeasureofreliabilityisyettobedeveloped. Marketforcesand postharvest
facilities should also be given due consideration.

In implementing these recommendations, the role that IIMI and IRRI canplay is
apparent. Collaborationamong agencieshas shown positive effectsand shouldbe
sustained. In fact, other agencies not earlier involved have been suggested to
participate, particularly inthe piloting activity. Interested fund donorsshouldalso
be identified. 1IMI and [RRI could possibly assist in this aspect.



Concluding Remarks (i)

Fernando A. Bernardo
Deputy Director General
International Rice Research Institute
Los Bafios, Laguna
Philippines

Thankyou, Senen

I amGLAD | am still here. Yesterday, | was told that my plane would be leaving at
1:30 p.m. and that by 1030a.m.today, | should be at the airport. 1 am glad there
was a changein schedule.

I wouldlike tothankandcongratulateallof you for yourvaluablecontributions
to this workshop. I enjoyed interacting with and listening to the participantsfrom
thethreecountriesand our colleaguesfromIIMI. I thinkIshould not say moreabout
the workshop itself, its outputs and possibility for future activities. In the opening
ceremony, | mentioned that it isIRRI's pleasure to be collaboratingwith 11MI, the
new member of the CGIAR with whom we have been working even before its
acceptance to the CG system. We really feel that water as a commaodity is very
important and that the increases in rice yields that we had achieved in the Green
Revolution could be attributed partly to the proper utilization of our water
resources.

In the World Food Council, questions such as,. could we extend the Green
Revolution?,or could there be asecond Green Revolution?have beenraised. Inthe
paper which I havebeen requested to write, | said that the Green Revolution of the
late 1960sand 197/0sis still going on in some countries, like Kampuchea, Laos, and
otherswhicharealittlebitbehindintheadoptionofmodem technologies. In other
countries, the Green Revolution has leveled off and has reached a plateau. As
population continues to increase, there is a challengeof changingthis plateau and
achieving a quantum leap to have another Green Revolution. In terms of research,
IRRI is hying to achieve this or contribute to another quantum leap in rice
productivity by developingtypesof rice other than thesemi-dwarf varietiesthat are
popularinricegrowingcountries. Inaddition, we have toreckonwiththeresource
management, particularly soil fertility and water management.

In the 1980sand the 1970s, the national governmentsrealized the importanceof
irrigation and invested in many irrigation systems. In spite of the increasing
demand for rice and other food crops no new investments are made. Having a
second Green Revolution would be difficult without water, thus this current
scenarioof low investmentsindevelopingmore irrigationsystemsand maintaining
the present systems should be addressed.
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Aside from challenging the national governmentsto put more investments on
new irrigation systems, improvingthe potential capacity of the present systemsis
another strategy. | amnot an engineer but I also think of how we can increase the
yield potential of existing irrigationsystems. | think d systemefficiency, of how
to extend the area coverage of the existing irrigation systems. | think it is a
wonderful thing and a big challenge. It is difficultand it cannot be done without
research. Itcannotbe done without working with scientists, farmersand agencies
responsiblefor national imgationsystems. It isanimportant area for further study
because aside from maintaining the irrigation systems, there is some scope for
increasing their capacity.

We get a lot of water during the peak of the rainy season and a lot of this water
iswasted. The management of theirrigation systemn, inmy view asalayman, is very
importantindeed. | amglad that thisworkshop has alsodiscussedthe interagency
approach. We have emphasized the importance of the farming systems research
approach, where we involve the fanners and the agency in charge of the crop
commodity. | think this should be pursued, particularly if there is government
interestina particular Commodity. Investmentin processing is probably something
which should be considered. The problem in many of the national development
plans is that they do not look at the whole thing or adopt an integrated approach.
Quite often, we have excess production and if we have no way dof handling the
excess, the price plunges and the fanners suffer. Yet we know that during the off
season, there is a big demand for many of the farm products.

Agriculture is not complete unless we think in terms of inputs, production,
processing,and marketing. We should keep thisin mind, particularly if we go into
what many of you would like to pursue — piloting. Pilotinrgonly in production, |
think, is going to be disastrous. We have to think in terms of the whole sweep of
modem agriculture.

Again, I would like to expressmy gratitude to IIMI for invitingme. | really take
pleasure in being with you, in participating in this session, although | am not an
imgation expert. | look forwardto more participationbecause you deal with a very
valuable commoditywithoutwhich a second Green Revolutionwill notbe possible.

Thank you.



Concluding Remarks (ii)

Charles Abernethy
Director of Programs
International Irrigation Management Institute
Colombo, Sri Lanka

Dr. Bernarpo EMPHASIZED the importance of the Green Revolutiona couple of times.
We at [IMI feel very humble about this. Five yearsafter IRRI’s establishment, there
wasthe Green Revolution all over the place. Wehavebeeninexistencefor fiveyears
and wehave notgota Green Revolution to claim yet. Wearevery consciousthough
that 1IMI is extremely young in comparison with IRRI and one or two of the other
seniorinternational agricultural research centers. Nevertheless, we feel some pride
inwhatwearedoing. Werecognizethatwehavealongwaytogotoreachmaturity.

I would like to say a coupleof words about our institutional nature and how our
meeting of this sort matters to us. Our task at the International Irrigation
Management Institute is to try to internationalize this subject, to try to discover
whatthingsinmanagementofimgationcanbesharedamong countries. Wedonot
exist as a consulting firm does, to go to a specific country and help improve its
irrigation mechanism. Our functionis to try to promote an international culturein
irrigationwhichIthink hasa longway togo. Eventslikethisarehelpfulinbeginning
to break down some of the national barriers that exist.

One follow-upaction to thiseventwill be to find someways of facilitatingsome
kind of observation by some of the people who participated in this project in
countrieswhere thereisnorice at all. Diversifiedsystemsin Egypt, Morocco, Chile
or Brazil could provide lots of lessons tobelearned. Iknow thatthereisagreatneed
for comparative studies of the management modes in those countries and in
traditionally rice-based countries. We need people who are experienced active
managers in such countries to write reports reviewing what the differences and
what the similaritiesare. Thisisthe sortof thing Thope IIMI will be able to promote
to internationalize the profession.

One of the things that | find most striking is the way in which almost every
country that we deal with has evolved a specificnational style of doing irrigation.
Every place organizes itsirrigation in differentways from most other countries. It
issomethingl find most astonishing. We do not have any Indian participantshere
but if we do, we will be hearing completely different managementstylesfromwhat
we find in the Philippines, for example. And it cannotbe that both are right and |
do not believe that both are just country-specific. | think there are probably good
and bad features in every one of them. A large part of IIMI's mission is to promote
interaction and sharing.
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Asacorollaryto that, I hope, through time, that most of the people in this forum
are going to become quite familiar with the city of Colomboand | hope that we are
goingto seea long-term interaction. The Headquarters of 1IMI isbecomingagreat
familiar place that matters in the lives of the irrigation management community.
Thereisnoway ofsayinggoodbyeto everybody. Thisvisitwillbe thefirst of achain
of events, interactionsand relationships. | thank everybody for their participation
in the three years of the project and in the three days of the meeting. 1 look forward
to much more interaction in the future.
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PROGRAM

12 November (Monday)
08:30 Registration
09:00 Opening Ceremony
Welcome Address : R. Lenton, [IMI
Opening Remarks : F.A.Bernardo, IRRI
Overview of Project Objectives and Expectations
Introduction of Participants

1000 TEA/COFFEE BREAK

SESSIONI: TECHNICAL CONSIDERATIONSFOR RICE-BASED
FARMING SYSTEMS: MAIN IRRIGATION SYSTEM MANAGE-
MENT

Chairman: A. Valera
Rapporteur:  D. Cablayan

1030 Bangladesh M. A. Ghani, M.A.Hakim
Indonesia: P. Suprodjo, M.E. Busro
Philippines:  A.R.Maglinao, D. Cablayan, C. Pascual
Discussion

1230 LUNCH
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SESSIONII: TECHNICALCONSIDERATIONSFOR RICE-BASED
FARMING SYSTEMS: FARM-LEVEL WATER MANAGEMENT

Chairman: T. Woodhead
Rapporteur:  C. Pascual

14:00 Bangladesh M. A. Ghani, M.K. Mondal
Indonesia: T.Woodhead, I. Juliardi,A. Abas, S. lis
Philippines:  D. Tabbal, R. Undan

1530 TEA/COFFEE BREAK

16:00  Discussion

13November (Tuesday)

SESSION I1l: ECONOMICS AND INSTITUTIONS IN IRRIGA-
TION MANAGEMENT FOR RICE-BASED FARMING SYSTEMS

Chairman: D. Parker
Rapporteur: M. Kikuchi

08:00 Bangladesh M. A.Hakim, D. Parker, M. A. Ghani
Indonesia: D. Vermillion and Sardjono

Philippines:  P. Masicat, S.Salandanan, C. Pascual

Discussion

1000 TEA/COFFEE BREAK
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SESSION 1V PRESENTATION/DISCUSSION OF SYNTHESIS

PAPERS

Chairman: F.A.Bernardo
Rapporteur:  R. Undan

10:30  SynthesisPaper# 1:Main irrigation System Management for Rice-
Based Farming Systems
$.M. Miranda, H. Murray-Rust, AR. Maglinao, D. Cablayan,
A. Ghani.
SynthesisPaper #2: Farm Level Water Managementfor Rice-Based
Farming Systems
S.I. Bhuiyan, T. Woodhead, D. Tabbal, A.M. Fagi, A. Ghani
Synthesis Paper # 3 Economics and Institutional Issues on lrri-
gated Rice-Based Farming Systemns
P. Pingali, D. Vermillion, D. Parker, C.M. Wijayaratna

Discussion

1230 LUNCH

1400 Briefing on Small Group Workshop Discussion

1430 Small Group Workshop Discussion

Group A: Main Imgation System Management for Rice-Based
Farming Systems

Group Leader: H. Murray-Rust

Group B: Farm Level Water Management for Rice-Based Farming
Systems

Group Leader: D. Tabbal

Group C Economicsand Institutional Issueson Irrigated Rice-
Based Farming Systems

Group Leader: C.M.Wijayaratna
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14 November (Wednesday)

SESSIONV: WRAP-UP SESSION

Chairman: C. Abemety
Rapporteurr  A.R. Maglinao

08:00 Presentation/Discussion of Small Workshop Group Outputs
1000 TEA/COFFEE BREAK
10:30  Conclusions and recommendations of the workshop
11:00 Chairman’s synthesis/comments
CLOSING SESSION
11:30  Concluding Remarks-IRRI, Dr. F. A. Bernardo
[IMI, Mr. Charles Abemethy
Vote of Thanks- Dr. $enen M. Miranda
1200 LUNCH
15:00 Briefing and Visit at IMI Colombo Headquarters
1700 Brief Colombo City Tour
15November (Thursday)

Departure for home country
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