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PREFACE

This study was conducted as part of the Water Management Synthe-
sis Project, a program funded «nd assisted by the United States Agen-
cy for International Nevelopment through the Consortium for Interna-
tional Development. ltah State University and Colorado State Univer-
sity serve as lead universities for the project.

The key objective is to provide services in irrigated regions of
the world for improving the design and operation of existing and fu-
ture irrigation projects and give guidance to USAID for selecting and
implementing development optiors and investment strategies.

For more information, contact the Water Management Synthesis
Project for information about the project and any of its services,

Jack Keller, WMS Coordinator Wayne Clyma, WMS Coordinator
Agricultural & Irrigation Engr. Engineering Research Center
Utah State University Colorado State University

Logan, Utah 84322 Fort Collins, Colorado 80523

(801) 750-2785 (303) 491-8285



FOREWORD

This report was developed to focus on AID's past effective-
ness in assisting irrigation and the expected priority, size and
nature of future irrigation efforts country by country., It in-
cludes recommendations for directing USAID/Thailand assistance
programs in irrigated zgriculture through the present decade.

The review team visited Thailand between 0October 19 and No-
vember 1, 1980 to develop this report. The members of this team
were:

Jack Keller, Team Leader and Civil and Irrigation Engineer
Wayne Clyma, Agricultural Engineer

Matthew Drosdoff, Tropical Soils Scientist

Max K. Lowdermilk, Water Management Extension Specialist
David Seckler, Agricultural Economist

The team approached the task of dealing with irrigation develop-
ment options and investment strategies in a less structured way
than was used in the earlier Bangladesh and Pakistan studies.
Rather than particularly trying to it the typology of .such com-
paratives as large vs. small, hardware vs. software, etc., this
team elected to first develop a set of key recommendations based
on analysis of documents, field visits and interviews. The back-
ground for arriving at these recommendations plus other pertinent
information was organized and is the body of this report.

The team appreciated the information and long discussions we
had with Dr. Anat Arbhabhirama, NDeputy Minister of Agriculture and
Chairman of the National Water Resources Committee. Mr. Kangwan
Nevahastin, Deputy Undersecretary of State, Ministry of Agricul -
ture and Cooperatives, ana Capt. Sunthor: Ruanglek, DNirector-Gen-
eral, Royal Irrigation Department (RID). We also want to thank
Mr. Metha Hovaranga, Chief, Water Users Association Center, Irri-
gated Agriculture Section, 0&M Division, RID, for accompanying us
on our field tour, and the assistance of the many other RID per-
sonnel and Royal Thai Government personnel we met.

In addition, the team appreciates the thoughtful and cordial
assistance from the many Mission personnel who helped us. We give
special thanks to Mr. Jerry Wood and Mr. Sid Bower for arranging
our schedule and accompanying us to interviews, to Assistant Nni-
rector Bob Queener, for accompanying us on our field visits, and
to Director Nan Cohen for the full cooperation of the Mission. We
also wish to thank Dr. Sam Johnson of the Ford Foundation for his
help.
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Itinerary

October 19

October 20

October 21

N8:
1n:

13:

:00

Arrive Bangkok at 6:40 via PA 52
Check in at President Hotel

Pick up team at President Hotel -
USAID vehicle

Meet with USAID officials

Meet with Dr. Sam Johnson, Ford
Foundation

Meet with Mr, Sanarn, Deputy Di-
rector-General of DNepartment of
Land Development and Mr. Samarn,
Chief of Soil Survey Division, at
Department of Land Development

Meet with:

Mr. Kangwan Devakastin, Deputy Un-
dersecretary of State, Ministry of
Agriculture and Cooperatives

Capt. Sunthorn Ruanglek
Director-General, Royal Irrigation
Department

Dr. Boonyok Watanaphuti
Chief, Project Planning DNivision,
RID

Mr. Liab Shanas

Tahal Consulting Engineer
Northeast Thailand Irrigation Pro-
jects, RID

Mr. Metha Hovaranga

Chief, Water Users Association
Center

Irrigated Agriculture Section

N&M Division, RID

at Ministry of Agriculture and
Cooperatives



October 22

October 23

October 24

October 25

October 26

15:00

10:G0

14:00

Meet at USAID to discuss Lam Nam
Oon Project with Louis Berger Team
Leader and the team

Meet Dr. Anat Arbhabhirama, Deputy
Minister of Agriculture and Chair-
man of the National Water Resource
Commitee

Meet Dr. Jackson, IRRI/Thailand
Representative and Rice Breeding
Specialist at Kasetsart University

Evening Dinner, to be hosted by Dr. and Mrs. Sam

Johnson,

12:00

Leave Bangkok for Korat by USAID
vehicle

Overnight at Korat (Mr. Uoychai of USAID will accom-

pany team).

07:40

Morning

Afternoon

Leave Korat to visit NESSI Project
sites

Huai Chorakhe Mak Tank

Huai Talat Tank

Overnight at Roi-Et

07:00

Morning

Evening

Overnight at Khon

21:55

N8:00

Morning

iy

Leave Roi-Et

Visit Huai Aeng Tank
Travel to Khon Kaen
Kaen (Kosa Hotel)

Mr. Yoychai 1leaves Khon Kaen for
Bangkok

Opart Panya of USAID joins the
team at Kosa Hotel, Khon Kaen

Meet Dr. Suravutha, Engineering
Faculty, Department of Civil Engi-
neering, Khon Kaen University
(former student of Nr, Keller)



October 27

October 28

October 29

Nctober 30

October 31

November 1

13:00

Leave Khon Kaen for Sakon Nakhon
via Udon

Overnight at Sakon Nakhon

A1l day at Lam Nam Oon. Mr. Queener, Mission Assis-
tant Director, will join team at site

Overnight at Sakon Nakhon

Morning

Evening

21:55

14:30

14:30

15:30

09:00
12:00

19:15

v

Lowdermilk/Clyma/Opart team for
Kalasin/UNDP

Nam Pong/Nong Wai

Team leaves Khon Kaen for Bangkok
by train

Meet Khun Vorasak Pakdee, Nirec-
tor, Planning and Special Projects
Nivision, Department of Agricultu-
ral Extension, MOAC. (Clyma,
Drosdoff and Lowdermilk)

Report drafting (Jack Keller and
David Seckler)

Meet Dr. Somnuk Sriplung, Secre-
tary-General, Nffice of Agricultu-
ral Economics, MOAC

Discuss with D, Cohen, Director
USAID/Thailand and debriefing with
Mission staff

Discuss with RID staff

Meet Mr. Paitoon Palayasoot, Di-
rector of Central Office of Land
Consolidation, MOAC (former Keller
student - Lunch)

Meet Dr. Apichart and So0il Scien-
tist at AIT Room EL-26 (Keller and
Drosdoff)

Depart Bangkok



SUMMARY AND RECOMMENDATIONS

The main thrust of the USAID agricultural development program
in Thailand is directed at the Northeast region. For purposes of
water resource planning, the Northeast region can be divided into
three major zones (or categories) based on irrigation potential:

1. Areas irrigable by large reservoirs, which can provide
water for a total irrigable area of 2.1 million rai
(6.25 rai = 1 hectare) and benefit eight to nine percent
of farm families.

2. Areas irrigable by pumping from reliable rivers which
can provide water for a total irrigable area of 1.9 mil-
Tion rai in the wet season and benefit a maximum of 10
percent of farm families.

3. Areas 1inaccessible from large reservoirs and reliable
rivers which contain 80 percent of the rural population
and where small water projects at the village level, as
well as larger tanks in selected locations, are required
to supply basic village water requirements. These small
projects may take the form of small tanks, natural cr
dug ponds, weirs and topographical alterations to nearby
watershed areas, and shallow or deep wells.

At present, only three percent (15 percent of the potential of
20 percent of the population in the Northeast is provided
year-round irrigation from medium to large reservoirs or pumping
from major rivers.

There is a general awareness, as pointed out in the Thailand
CDSS for FY 1982, that the existing irrigation systems in the
Northeast have largely failed to deliver the planned for benefits
because of slow progress in completing on-farm distribution Sys-
tems, difficulty in organizing water-user groups for effective
water management, inadequate maintenance leading to deterioration
of the systems, and insufficient market inducements to diversified
and dry-season cropping. As a result, a majority of farm families
in the planned service areias of irrigation systems continue with
traditional rainfed agricultural practices to meet subsistence re-
quirements despite the availability of high-yielding crop varie-
ties (HYV) suitable for irrigated areas. .

According to the C(DSS, the Mission proposes to assist the
Royal Thai Governmernt (RTG), primarily on a functional basis, in
developing and exploiting the productive potential of irrigated
and irrigable areas of Northeast Thailand through the following
means :
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l. Rehabilitation and completion of existing small-scale
irrigation systems with emphasis on on-farm water dis-
tribution.

2. Support for additional small-scale irrigation develop=-
ment through reservoir systems and through pumping from
groundwater sources where technically/economically fea-
sible.

3. Adoption of a comprehensive approach to irrigation sys-
tem development that includes on-farm water distribution
and appropriate provision for operations and maintenance
(0&M),

4, Operations research on means of organizing farmers for
effective water use and maintenance of irrigation facil-
ities.

5. Promotion of increased and diversified agricultural pro-
duction in the service areas of estabiished irrigation
systems, including attention to agricultural extension,
market development, and food processing industry.

The basic principles for an improved small-scale irrigation
program will be drawn from experience with the Northeast Small-
Scale Irrigation (tank rehabilitation) Project scheduled for FY
1980 start-up, and from an overall strategy for small-scale water
resource development in the Northeast, being formulated by a Royal
Thai Government (RTG) task force. Consistent with AID's role
definition, they do not propose financing for construction of
large or medium-scale reservoirs and related main canal systems.
These activities will remain the province of the international
financing institutions.

The Lam Nam Oon (LNO) Reservoir and small tank project, which
the team visited, relied on field to field (paddy to paddy) flow
for on-farm distributions and only a limited amount of field lev-
eling is evident. However, there were three small pilot areas
with some Government-built watercoirses and field channels. The
main and lateral canal systems on these projects are only organ-
ized to deliver continuous (but unregulated or measured) streams
of water at outlets, spaced 250 to 500 m apart. Each outlet has a
potential command of 100 to 200 rai (16 to 32 hectares); but, in
most cases, only part of the command receives irrigation water,
even during the wet (monsoon) season, and there is practically no
irrigation (except adjacent to the outlets) during the dry sea-
son. (Full details of the traditional method and pilot activities
are presented in Appendix D, "Description of Irrigation Practices
and Systems.")
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The lined sections of the main and lateral canal systems are
in poor repair with siltation and broken 1linings due to rapid
drawdown and/or side drainage and spills. Unlined sections of the
tank projects are completely missing. Many of the turnouts along
the functioning canals (perhaps over 1/3 of them at LNO) are not
even provided with sufficient structures and channels to supply
water to any fields.

The Northeast has enough rainfall during the monsoon season
to produce about 1.5 to 2 tons of sticky (glutinous) paddy per
hectare without irrigation and irrigation without other inputs
results in 0.5 to 1 ton per hectare increase. Other inputs,
which could easily double yields when added to irrigation, are not
applied because water deliveries are not dependable and advanced
farming practices are not well understood. Without on-farm dis-
tribution systems, it is impractical to irrigate field crops and
only a small area of paddy close to canal turnouts can be irri-
gated during the dry season.

The resulting situation, (i.e., an undependable and prac-
tically unmanaged canal system, field to field water delivery,
Timited production ‘.acreases from wet season irrigation, and 1it-
tle possibility of irrigating during the dry season), is that less
than 1/3 of the potential command areas receive any irrigation.
The crop production increase (output) from these irrigation pro-
jects is probably less than 10 percent of the potential which
could be achieveu from irrigating all the command area during the
wet season, half the area during the dry season, and adding the
other important inputs, such HYV's and fertilizer.

The two major deficiencies in irrigation in Thailand are:
(1) effective menagement and on-farm facilities of existing irri-
gation systems; iand (2) planning and design of new irrigation sys-
tems. We therefore recommend that USAID concentrate its future
efforts in provi.'ing these software inputs to irrigation in Thai-
land, leaving the larger hardware developments to the World Bank
and other international funding agencies.

With respect to the USAID area concentration in Northeast
Thailand, we strongly endorse the current USAID strategy of
enhancing the productivity of rainfed agriculture and providing
small village-based tanks for domestic water supply, nurseries and
fisheries. We also endorse the two USAIDN irrigation projects (Lam
Nam QOon and Northeast Small-Scale Irrigation), but would no*
undertake additional hardware-oriented projects hefore: (1)
demonstrated success has been achieved (and even this may take
redeployment and/or additional resources); and (2) the pool of
technical Thai manpower needed at all Tlevels for comprehensive
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irrigation system management has been significantly upgraded and

expanded.

Our specific recommendations follow:

1.

The Royal Irrigation Department (RIN) has requested AID
to provide technical assistance in large-scale planning
and design of irrigation systems. Since this is a par-
ticular area of American competence, we believe that AID
should sponsor some technical assistance and staff to
work within the RID for this purpose.

AID should set up some model management systems for
existing irrigation projects, for example, in the Lam
Nan Oon project area (see Appendix A).

There is a notable lack of bhasic information about the
physical and social environment of Northeast Thailand
which we feel will be essential to any rational invest-
ment policy in that area over the future. Therefore, we
recommend that AID sponsor collaborative basic investi-
gations into the soils, hydrology and potential cropping
systems, together with socioeconomic research into pat-
terns of land ownership and extent and distribution of
real poverty in the area so that it might better focus
its efforts in this large region. Among these investi-
gations should be serious consideration of the potential
of alternative cropping sys.ems, particularly of upland
paddy and wheat production and the use of leucaena tree
species for pulp, lumber and fodder supplies to animals.

One of the fundamental problems of irrigation in Thai-
land is that it is targeted mainly to wet season paddy
production objectives. The problem with this target is
that as the irrigation system provides only supplemental
water for occasional dry spots in the wet period, the
incremental return from irrigation is very low (on the
order of 25 percent of the total product). We beljeve
serious consideration should be given to retargeting the
irrigation objective toward the dry season. This retar-
geting implies a re-evaluation of the irrigation distri-
bution system in the various command areas to provide
water distribution directly to each field (rather than
paddy to paddy). Our investigations indicate that, at
current prices, irrigation through the use of networks
of buried PVC pipe (in areas with greater than 1/3 of
one percent slope) appear to be feasible. Among the
many advantages of buried pipe distribution systems is
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that they are not subject to washing out during the
flood season and will deliver water with very high ef-
ficiency in the dry season. This alternative should be
thoroughly investigated, particularly for demonstration
in the model management systems.

We strongly support the development of small village-
based ponds for domestic water, nurseries and fishery
production in Northeast Thailand. However, we do feel
that much more attention must be paid to the distribu-
tion of the benefits of these small tanks in the various
villages. As it now stands, there are not very clear
guidelines on how the water or the fish are to be dis-
tributed among people in the villages. Simply handing
it over to the 1local government authorities is, of
course, fraught with dangers of maldistribution of bene-
fits of these projects. AID should devise very firm
guidelines to assure that all of the people in the area
benefit from these projects and that the benefits are
not concentrated in the hands of the few.

USAID should also guarantee that any people displaced
from submergence areas in its project areas are, in
fact, fully compensated for their losses. We recommend
a close inspection of this problem in the Lam Nan Qon
and Northeast Small-Scale Irrigation project areas.

In order to provide reliable and reasonably efficient
irrigation to paddy during the wet season or to field
crops at any time, it is necessary that watercourses be
constructed and maintained to deliver water directly to
each irrigated field (rather than field to field, which
is the typical practice in the Northeast today). While
land consolidation and/or leveling may appear desirable,
it should not be publicly financed, except on a selec-
tive basis where essential for water delivery purposes.
However, technical assistance and credit should he pro-
vided to encourage the use of appropriate land leveling
practices (see Appendix B). '

Lift irrigation systems are generally reported as being
relatively efficient for both wet season paddy and dry
season field crops. Furthermore, the power input rec-
ords of the approximately 200 electrified 1ift systems
can be used to estimate water inputs., At least 20 of
the electric 1ift systems should be selected for study-
ing various soil-crop-weather patterns under practical
field conditions. In addition, these systems



9.

10.

11.

should be diagnosed to evaluate system performance and
pinpoint conditions which lead to success.

The water resources in the Northeast are limited, as
pointed out in the report prepared by the Asian Insti-
tute of Technology (AIT) (see summary in Appendix C).
Conflicts will begn to develop between small tank, large
reservoir, and river run 1ift projects as developments
procaed. Furthermore, there are relatively few good
(deep) tank or reservoir sites and the rainfed farmiand
submerged by some new (as well as some existing) devel-
opments may actually reduce overall potential benefits
in the region.' With these thoughts in mind, we recom-
mend that USAID provide technical assistance and support
professional training activities for RTG personnel in:
project and basin-wide planning and design; reservoir
operation and canal - management to maximize benefits
within equity restraints and reduce structural damage to
canal linings; and basin-wide water routing to optimize
the irrigation, fishery and hydre potential and reduce
flood hazards.

We note that RIN's 0&M budget has been increased from
6.4 million Bhat in 1972 to a projected 463.8 million
Bhat for 1981; however, during the period, 0&M as a per-
centage of accumulated construction has decreased from
seven percent to a project 2.6 percent (see Table 3).
This is seriously inadequate. Therefore, we recommend
that USAIN, in negotiating support for new projects,
should provide a sinking fund for 0&Y budgets over the
projected life of the project.

In addition to the professional training activities men-
tioned in Recommendation 9, we encourage USAIN to hecome
involved in sponsoring the following:

a. Training of multidisciplinary teams for diagnosing
irrigation systems to:

i. Pinpoint and understand successful elements in
existing systems for improvement and transfer,

ISince the average working depth of many tanks is only two or

three meters, deep-water rice might be considered as a possibility
for increasing. benefits from submerged areas. The constraint is
that the water level should not rise over five centimeters per
day, so the rice can grow with it.
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ii. Monitor and assess total system performance.
iii. Identify operational and technical problems.
Training technical personnel at all levels needed
to undertake Recommendation 1 (see Appendix A).

This training should involve main as well as on-
farm system management.
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INTRODUCTION AND BACKGROUND

To meet domestic demand and maintain Thailand's share of the
world's export market, production would have to increase from 15.1
million tons of paddy in 1976 to 22.7 million tons in 1990, Over
the same period, assuming a yield increase of 20 percent in
rainfed areas, irrigated paddy production would need to more than
double from 5.5 million to 12 million tons.

Irrigation Emphasis and Nevelopment Policy

An irrigation development program designed to meet this de-
mand is comprised of: improvement of existing systems (710,000
hectares), extension of existing systems (290,000 hectares), and
new projects (315,000 hectares). Such a program would be well-
distributed between the major regions of Thailand. A rough esti-
mate of the construction cost of the indicated program in 1976 was
$1,650 million, giving annual expenditures averaging $110 millien
through 1990, which is in line with the Roval Irrigation Nepart-
ment's (RID) budget in recent years. It was pointed cut by a
World Bank study team that, if these investments are to achieve
the 1990 production targets, the planning, design and implementa-
tion of projects will need to be improved. This, in turn, re-
quires improvements in RID's organization and management.

In the 1976 study, it was pointed out that a major feature of
the program should be the widespread introduction of higher stan-
dards of tertiary or on-farm development---the construction of
ditches, drains and farm roads needed to achieve the timely and
reliable supply of water to farmers' fields; and that tertiary
development should be the responsibility of the Government, rather
than farmers or farmer groups, and be carried out along with im-
provement or new construction of main systems, and coordinated
with system operation and maintenance. On-farm development can
take various forms ranging from simple tertiary ditches to full
“land consolidation" including land leveling and boundary realign-
ment.  The appropriate mode of on-farm development depends on
soils, topography, cropping patterns and the configuration of plot
and property boundaries.

The Bank study sugoests that, as a general rule, land consol-
idation should be 1limited to areas with an assured dry season
water supply sufficient to justify the incremental investment eco-
nomically, and where beneficiaries are required to repay a reason-
able part of the incremental cost. Furthermore, the Government



should formulate a policy on the allocation of limited dry season
water supplies within irrigation project areas as a matter of ut-
most importance. It is recommended that all aspects of an irriga-
tion project from planning, design and survey through the con-
struction of main and tertiary distributions systems, service and
on-farm roads, are integral parts of a whole and should be under
the direct control of a single project manager. Also, service
divisions should be available to provide necessary technical sup-
port, because the fragmentation of project activities along func-
tional lines leads to serious coordination probiems and an unwill-
ingness of any individual to accept overall responsibility.

The major thrust of the USAID agricultural development activi-
ties in Thailand is d1r§cted toward the Northeast region. This
region covers 170,000 km¢ and includes about 1/3 of the land area
of the Kingdom, as well as about 1/3 of the population. The re-
gion, mainly a gently undulating plateau which rises about 100 to
200 meters above the central plain and slopes southeastward to the
Mekong River, is estimated to include about 10 million hectares of
arable land.

The Northeast grows about 1/3 of *“4e nation's rice, more than
any other region. Rice occupied about 3.5 million hectares of the
8.0 million hectares of available farmland. VYields are low, aver-
aging about 1.4 ton/hectare; virtually all the rice is rainfed and
production is subject to wide year-to-year fluctuations. Kenaf
became an impurtant crop in the 1960's and in recent years there
has been a rapid expansion of cassava cultivation. Both crops,
which are now among Thailand's major exports, are grown on upland
areas unsuited for rice and are important sources of cash income
for the region's farmers.

Storage dams are essential to irrigation in the Northeast.
During the dry season, the flow in all except the Tower reaches of
the larger rivers virtually ceases. In the wet season, river
flows follow a similar pattern to rainfall with sharp recessions
in flow, coinciding with drought periods. Runoff per square km is
much Tower than in the Northern and Southern regions, and the po-
tential for year-round irrigation is limited to about 300,000 hec-
tares, or 1less than 10 percent of the total paddy area. At
present, about 30,000 hectares benefit in some degree from wet
season irrigation and about 6,000 hectares are irrigated in the
dry season. Throughout the Northeast, the deep groundwater is
highly saline. Shallow aquifers with fresh groundwater are tapped
throughout the region for domestic water supply, but yields are
too Tow for irrigation.



Existing Irrigation Projects

Reservoir., The Royal Irrigation Nepartment (RID )began a ma-
jor program of dam and canal construction in the 1960's. At the
present time, there are six large projects designed to irrigate
about 160,007 hectares. The area receiving reliable and timely
irrigation is far less than the potential of the existing projects
because of technical deficiencies in the canal systems. Construc-
tion of distribution systems was not coordinated with main canals,
and, in some places, main canals are falling into disrepair be-
cause they are not being operated, and consequently, are not being
maintained. Details of the irrigation system at the Lam 'an Oon
Reservoir project are presented in Appendix D.

Tanks. Over the past 20 years, RID has constructed about 200
small reservoirs or tanks in the Northeast with capacities varying
from 40 MCM to less than 0.1 MCM. The area receiving reliable ir-
rigation from these tanks is probably less than 10,000 hectares in
the dry season. The potential for further tank projects in the
Northeast is quite limited because terrain and hydrology are not
conducive to small-scale irrigation from -reservoirs. The flat
terrain results in broad and shallow reservoirs and inundation of
cultivated areas is large in relation to areas benefited by irri-
gation. Also, a significant part of the water stored is lost
through evaporation. Details of these projects are presented in
conjunction with the USAID Northeast Small-Scale Irrigation
(NESSI)project and in Appendix D.

Low-Lift Pumps. Several projects to exploit the potential
for pump irrigation in the Northeast are also being undertaken.
The National Energy Administration (NEA) has a particularly suc-
cessful program for pumping water from rivers in the Northeast
and, since 1968, has expanded their coverage to about 40,000 hec-
tares, almost 15 percent of the total existing potential. Plans
call for more than doubling this total during the next three
years. RID also has a mobile pumping program underway for supple-
mentary irrigation.

The NEA Tow-1ift pump projects have a reputation for being
the most successful irrigation projects in the Northeast. There
are approximately 200 Tow-lift projects now in place and 75 more
in the budget. Reported cropping intensities range from 150 to
200 percent, and paddy yields are higher than for gravity
systems. Apparently, the reason farmers respond so well is be-
cause they have an assured water supply when they need it and the
excess water charges (over pumping power costs) revert back to a
revolving credit fund. Some general system characteristics are:



4.

5.

7.

Investments are limited to $2,000/rai.
Optimum project size is 2,000 to 3,000 rat,

Farmers must agree to pay for power and give land for
canals.

Typically, use electric 150 HP pumps, each discharging
250 1ps (8.8 cfs) for a 3,000 rai project. (This is
equivalent to one Tps/hectare, or 70 ac/cfs.)

Typical projects require approximately 800 m of pipe and
6,000 m of concrete-lined canals, plus unlined farm wat-
ercourses.

Water use fees are Baht 65/rai for paddy and Baht 50/rai
for field crops and vegetables (Baht 20 = $1.00 and 6.25
rai = 1.0 hectare).

Estimated B/C is 1.9 and IRR equals 35 percent for typi-
cal 3,000 rai area over 30-year life, based on 200 per-
cent cropping intensity.



IRRIGATION POLICY AND ORGANIZATION

This section deals with the present policies related to irri-
gation development and the organizations involved in implementing
the policies. Special attention is given to developments in the
Northeast of Thailand.

The present policies for irrigation have evolved over the
years. Special social, economic, and political considerations for
comprehensive rural development in the Northeast have created a
healthy environment for policy formulations and program implemen-
tation.,

Policies for Irrigation Development

In most countries, policies have evolved through three
states, First, focus is given to the capture and conveyance of
water; secondly, more concern is given to plant-water-soil rela-
tionships and water utilization; and thirdly, focus is usually
given last to the on-farm improvements. In keeping with Stage
One, the Royal Thai Irrigation Nepartment (RID) has been involved
heavily in the design and construction of works to capture and
deliver water to command areas. Manpower training and policy
formulation have been heavily influenced by this emphasis. The
RID, however, is not tied to the past, as is typical of irrigation
bureaucracies, such as those which evolved under British coloni-
alism,

The earlier focus is now in question as the Government is
concerned more with water distribution at the farm level in order
to increase agricultural production. More attention now is needed
on soils, crops, and basic agronomic elements to be incorporated
in design, construction and operation of the system.

The special conditions in the Northeast are such that policy
decision-making is influenced by concerns for rural development
and there is general awareness that future projects must be justi-
fied in terms of agricultural growth, equity in income distribu-
tion, employment generation, and infrastructure to provide small
farmers with higher levels of living. The Prime Minister declared
that 1979 would be the year to begin to focus on the farmer.

The droughts in the Northeast over the past few years have
influenced irrigation policy, as have social and political
considerations. Official policy is now concerned with decentral-
ization of decision-making to the provinces and integrated



approaches utilizing the resources and expertise of a large number
of agencies in a coordinated concerted effort. The Ministry of
Agriculture and Cooperatives, in which most of these agencies are
located, has declared that all future irrigation projects will be
integrated, and intensive efforts will be made to coordinate all
the departments.

The major international agencies involved, such as the World
Bank, Asian Development Bank, and USAID have also had an influence
on present policy in Thailand as they have realized the importance
of intensive irrigation improvement to provide the end users with
water control and services for improved agricultural production,
The AID Mission in Thailand has developed a strategy with focus on
improving management of projects and providing basic inputs and
services to farmers with a focus on small farmers in both rainfed
projects and a few irrigation projects. The Mission presently
questions its role in future irrigation developments. The AID
Mission does show interest in utilizing existing projects for
training and testing of management modes, problem identification,
and development of alternative solutions through adaptive, applied
and evaluative research,

The Ministry has commissioned studies to provide information
for improved policy decision-making, These focus on alternative
organizational approaches, coordination and integration of serv-
ices, decentralization models, manpower training needs, develop-
ment of a long-range master plan, and an Information Center to
maintain and evaluate program and projects on a regular hasis,

The Director General of the RID suggested the need for spe-
cial assistance in policy analysis, development cf a master water
resource plan, and the development of a lTong-term plan of manpower
training. The types of training desired include both degree
training overseas and short course related to project management
and on-farm water management. At all levels, officials and pro-
ject managers appear to be deeply concerned with finding ways and
means to improve on-farm water management. To date, however,
there are few who have training or understand the total require-
ments for this task. There is a growing awareness, however, of
the complexity of irrigation improvements in the Northeast, but
staff have little experience in applying team approaches to com-
plex systems,

In terms of policy, the following Irrigation Acts have
evolved over time:



The Field Nykes and Drainage Act of 1941
The State Irrigation Act of 1942

The Revised State Irrigation Act of 1954
The People's Irrigation Act of 1959

These Acts deal primarily with building and maintaining
structures and penalties for violations, such as damage to struc-
tures. The present acts do not provide sufficient guidelines for
operation and maintenance of the on-farm water distribution sys-
tems or provide a mechanism to levy water charges on water user
organizations for operation and maintenance.

A new Irrigation Law is presently being considered which fa-
cuses on water user associations (WUA's), water utilization, and
on-farm operation and maintenance. This Act will delineate the
roles and responsibilities of the WUA's and will also call for the
first water charges in RID projects. The funds collected (208, or
$1.00 per rai) are to be used by the WUA where collected in the
0&M of the farm system.

Organizations Involved in Irrigation Nevelopment

This section deals with a brief description of the many
organizations involved in irrigation development and suggests is-
sues related to coordination and integration of services. Given
the present stated policy of integrating agricultural agencies in
all future irrigation projects, the Ministry faces a most diffi-
cult task. Many of the new agencies dealing with water were cre-
ated in response to the 1978 DNrought Relief Act and are still
functioning. They are all headquartered in Bangkok: most of the
departments operate under the Ministry of Agriculture and Coopera-
tives (except where indicated otherwise); and most of them have
too few field personnel to accomplish their stated tasks:

1. The RID was organized in 1904, and until recently, has
only been concerned with design and construction of dams
and flood control devices. In the 1950's and through
the 1960's, the RID developed gravity systems, but pri-
marily, attention was given to extensive approaches to
irrigation development. In recent years, there has been
more focus on intensive approaches to assure more timely
and reliable delivery of water to farms, but due to the
tradition of a focus on design and construction, the re-
sults have been poor. Although RID is aware of the need
for intensive on-farm improvements, there are not suffi-
cient numbers (in RID or in any other Government agency)
of field staff trained in on-farm operations.



2.

The RID has devoted considerable attention and effort to
developing pi'ot on-farm .irrigation improvement pro-
jects, but the design and operation of these pilot sys-
tems leave much to be desired. Observations of some of
these projects suggest poor design, lack of water con-
trol and management, poor enforcement of the existing
water codes, damage to structures by farmers, and poor
operation and maintenance (see Appendix D).

The RIN is one of the largest departments in the Minis-
try with a staff estimated at about 80,000 people. RID
has 22 functional divisions, 12 regional offices, a
chief engineer, three Neputy Directors, and a Director
General. Roles ard responsibilities and 1lines of
authority are not clearly defined and there are admitted
weaknesses in plarning, implementation and operation of
projects. As mentioned earlier, the World Bank sug-
gests: radical decentralization in decision-making, ex-
pansion of planning and program responsibilities, dele-
gation of more responsibility and authority, and an
improved program for career development in the RID.

The Office of Accelerated Rural Development operates
under the Ministry of Interior and is involved in devel -
oping potable water by sinking deep wells and construct-
ing small reservoirs and ponds as requested by villages
through the Changwat Provincial Officials.

The DNepartment of Mineral Resources operates under the .
Ministry of Interior and is involved in drilling deep
wells to provide drinking water for villages. They also
have mobile pumps for irrigation and take care of the
operation and maintenance of these wells and mobile
pumps.

The Department of Land Development (DLD) builds small
farm ponds in the Northeast for soil and water conserva-
tion and some supplementary irrigation. There is an in-
ternal agreement that the NLD will handle projects which
store less than 100,000 m3 of water and RID will take
care of larger projects.

The Department of Agricultural Extension (DOAE) has been
involved in providing diesel-powered low-1ift pumps on
loan to groups of farmers in the Northeast since 1975,
The farmers operate the pumps for supplemental irriga-
tion and DOAE maintains them. ‘



6. The Ministry of Interior (MOI) 1in 1978, under the
Drought Relief Act, also became involved in building
small irrigation tanks in villages and improving village
ponds through its DNepartment of Local Administration.

This organization was also involved in building small
dams, ponds, and canals.

7. The Community Development Department (CDD) has been
involved since 1978 in working with villages to select
village water projects and channeling requests to other
agencies. They have had some success in organizing
farmers to repair canals and earth dams in some areas.

8. The National Energy Administration (NEA) has been
actively engaged in irrigation development since 1968.
The NEA develops low-1ift pumping projects along the
Mekong, Nan and Chi Rivers. A typical system irrigates
about 2,000 rai. In 1978 (as part of the Nrought Relief
Act), NEA was alloted funds for 130 new projects. The
NEA projects have a reputation for success (as discussed
earlier) and their irrigation activities continue to
expand.

9. The DNepartment of Health (DOH) develops village water
(and sanitation) systems.

The above organizations have different standards and policies.

For example, RID makes no water charges, while NEA assesses the
farmers for the energy costs of pumping.

Issues of Coordination

There is, no doubt, a need for a water authority or some mul-
ti-agency approach for the better utilization of resources for
water and irrigation development, Both the World Bank and a study
prepared by the Asian Institute of Technology call for more
rationality in planning and more coordination between agencies.

The Ministries of Agriculture and Cooperatives have also
clearly stated the need to integrate the Agricultural Extension
Services, Cooperatives, Credit Institutions, the Land Nevelopment
Office, Seed Multiplication Program, and other organizations in
all future irrigation projects.

The review team visited the Lam Nan Non and Nong Wai Projects
where integration of essential services has been attempted with



some success. Integration will require strong policy commitment,
trained manpower willing to work together, and time. Where it has
been partially successful to date, a national coordination commit-
tee "has been set up in Bangkok, personnel have been deputized to a
project authority, personnel live and work on the project and give
their loyalties to the project management.

Until this integration and coordination take place on a large
scale, there will be much confusion and waste of scarce
resources. Those likely to be impacted most will be farmers in
irrigation projects who need more and better services than they
now receive., To date, where a few on-farm developments have taken
place, farmers have not adequately taken part in planning, design
and implementation of the improvements. As the AIT Study
reported, the demand for more and more projects has outpaced the
ability of RID and other organizations to develop adequate
approaches for farmer involvement.

If viable water users organizations are to play a significant
role in operation and maintenance, then greater reliability and
predictability of water at the farm level are needed to entice
farmers to organize. Farmers will not and cannot complete unfin-
ished systems because they need skills and incentives, as well as
organizations, to support them. Far too many WUA's have been de-
veloped without adequate incentives or a legal basis, and these
continue to exist only on paper, Strong policy commitments are
needed in the form of increased budget and staff for operation and
maintenance programs.

Studies of ways to increase farmer involvement in projects
and long experience suggest that several components are essen-
tial. These components are: policy commitment which places focus
on the importance of farmer participation in planning and imple-
mentation of projects; training farmers in the specific skills
required to perform new tasks; developing and working with local
leadership; and resource commitment by farmers in terms of labor
and cash for implementation, operation and maintenance. The Water
Management Synthesis Project (which supports this review team) has
developed a field handbook which shows how to involve farmers in
initial priority problem identification, development of solutions
to problems, and implementation of projects. This approach gives
farmers the sense that the project is theirs, and once the atti-
tude 1is developed, they will likely maintain the improvements
made, as they do for their other collective goods.

There is evidence in ‘the north of Thailand, where water is
supplied with some predictability, that farmers will organize for
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maintenance and cleaning. However, they must have a sense of the
system being their own rather than the Government's. In some
pumping statior projects, and the Nam Yang Project, farmers are
willing to pay as much as Baht 110/rai per year for water which
they know they can get on a regular basis to their fields. Sever..
al farmers interviewed by the team indicated that they understand
the value of water and would be willing to pay up to Baht 200 to
250/rai per year for water delivered on a reqular and predictable
basis.

In the Northeast, the Government is confronted with a demand
to develop and improve more projects than are possible with avail-
able capital and manpower resources. Major questions which must
be faced are:

1. Intensive vs. extensive projects;

2, How to coordinate a host of agencies competing for
scarce resources;

3. How to integrate critical services at the farm level;
- and

4. What role farmers will play in terms of resource commit-
ment and other forms of participation from project iden-
tification to the maintenance of improvements.

Until these questions are answered, development in the Northeast
will not proceed according to the optimistic plans developed in
Bangkok.

The situation in Thailand is hy no means unique. The great-
est weakness in irrigation development is the typical failure to
include testing and on-farm distribution improvements as a vital
part of the planning and design of irrigation projects. In most
of the countries of Asia, the Governments plan and design large
reservoirs and canals and provide only partial monitoring serv-
ices. At the farm level, however, little is done effectively to
improve water delivery, water use, or conservation of soil and
water resources. Only in recent years, in most Asian countries,
has this “no-man's land" of irrigation been recognized as being
crucial in irrigaticn developments. This recognition will call
for new organization approaches (see Appendix A), new modes of
training, and expanded efforts of monitoring and evaluation from
the reservoir to the last farm drain. Hopefully, Thailand will
continue to move in this direction and achieve greater returns
from its large and varied irrigation investments.
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Positive Aspects of Irrigation NDevelopment in Thailand

These remarks are derived from conversations with officials,
project managers and staff, brief interviews with selected farm-
ers, reports, and reconnaissance surveys of a limited number of
projects in the Northeast. These tentative conclusions are also
based on intensive experience in some countries and limited exper-
ience in others in irrigation agriculture.

1.

Thailand's irrigation policy and organizational arrange-
ments are in a state of flux, as indicated by frank dis-
cussions of needs, policy, options, reservations ahout
present levels of progress and questions about organiza-
tional approaches. This searching for options to meet
changing needs is a very positive development and is to
be contrasted to essentially inflexible hureaucracies
with over 100 years of tradition in other countries of
the region,

In Thailand, agriculture and irrigation are in the Min-
istry of Agriculture and Cooperatives. This integrated
approach 1is useful for adequate irrigation development
which reaches to the farm level; in contrast, in other
countries, irrigation and agriculture are located in two
separate Ministries. Where this is the case, farm water
management is usually the component not provided by
either Ministry adequately. Thailand is ahead of many
countries in the region in terms of developing coordi-
nated and integrated organization approaches.

The organization of farmers to regulate and use water
more effectively, a spirit of priority for farmer needs,
and a concern about supplying the farmer with water,
inputs and other servces, are all positive aspects for
improving irrigated agricultural development observed in
Thailand. The Royal Irrigation Department is open about
past failures, is aware of current needs and is not
bound by Tong and cumbersome traditions.

The movement toward an approach where all required
departments are combined in one regional administrative
project entity and all personnel and departments work in
a cooperative and coordinated manner toward project
goals to serve the farmer presents a tremendous oppor-
tunity for accelerated development of irrigated agricul -
ture,

12



5.

A focus, from the policy level through the project level
to personnel on-farm, to provide direct improvements to
the broad spectrum of needs in on-farm water management
is an important emphasis in Thailand. Experience in
other countries suggests that this is an effective and
accelerated approach to improving irrigated agriculture.

There is a general appreciation that the object of irri-
gation is to significantly increase ajricultural produc-
tion and not just to build physical! facilities.

Finally, the team is imprc sed by the fact that field
level personnel and farmers diz not intimidated by offi-
cials, as observed in several Asian countries. Problems
and issues are discussed f:rankly and openly by farmers
and field staff who do n:t appear to be threatened by
officials. This same spirit, observed at all levels,
probably results from the long and proud history of
independence in Thailand.

13



CURRENT AND PROPOSED USAID PROJECTS

The Mission's agricultural development program is concen-
trated in the Northeast portion of Thailand, as explained
earlier. The two main irrigation projects are the ongoing Lam Nam
Oon Integrated Rural Development Project and the soon-to-begin
Northeast Small-Scale Irrigation Projects. In addition, there are
several other projects in process or various stages of develop-
ment, which include some activities in supplemental, rice nursery,
orchard and/or kitchen garden irrigation. These include the fol-
Towing projects : Land Settlements, Mae Chaem Watershed Develop-
ment, Village Fish Ponds, and Northeast Rainfed Agricultural
Development.

Lam Nam Oon (LN0O) Integrated Rural Development

This project is a joint RTG/AID integrated rural development
effort to increase agricultural productivity in a section of
Northeast Thailand. The project includes:

1. The completion of the Lam Nam Oon irrigation system;
2. Construction of a road network;

3. Implementation of an on-farm water supply system; and
4. An integrated program of community development.

The project was begun in 1977 and is scheduled for completion
in 1982. It covers 187,500 rai (30,000 hectares, or 75,000 acres)
and serves approximately 10,000 farms. The total cost of the pro-
ject is estimated at $43.8 million (or approximatel: $600/ac) and
it is expected to increase agricultural product on by 82,000
metric tons of grain annually.

Technical. The LNO project area consists of all the arable
area downstream from the dam which is to be supplied with irriga-
tion water, an area totaling 75,000 acres. Under the project,
construction will be completed on the distribution (main/lateral
canals) and drainage systems, the projact road system, and land
improvements, including land consolidation on 26,300 rai, ditches
and dikes construction on 159,500 rai, as well as the establish-
ment of three pilot projects with their associated operational re-
search programs (1 rai = 0.4 acres; 6.25 rai = 1 hectare).

14



- e "t nena “rr vy wrYw

canals (having a total length of 345 'm), the left and the right
main canals, and is distributed to tie lateral canals by gravity
and/or pumps. The canals and laterals .e concrete-lined, whereas
the on-farm distribution system supplfed from the canals and late-
rals by farm turnout structures (FT0's), is not lined.

Institutional. At the national level, project policy, direc-
tion and coordination will be provided from the National Irrigated
Agriculture Committee through the National Coordinating Committee
for the LNO integrated Rural Development Project, which, in turn,
will appoini members and vest day-to-day project administrative
responsibilities at the national level in a senior level working
committee. At the field Tevel, policy direction and coordination
will be provided by the Provincial Coordinating Committee chaired
by the Governor of Sakon Nakhon.

Project field operation/management will be headed by a Pro-
ject Field Director and will include three As;istant Field Direc-
tors, as well as Team Leaders from the various RTG d-partmental
cadres.

Economic. In the Tong run, the farmers stand to benefit
handsomely if they seize the opportunity the project affords
them., If the farmers are not required to pay for land improve-
ment, the financial rates of return are estimated to be very
high. However, according to the planners, farmers must forego in-
come for the first year or so, as shown in the following Tables 1
and 2, The planners note that:

Average Northeas: farmers would probably be restive and
slow to adopt required new practices given the initial
period of foregone income. But having seen the longer
range benefits on demonstration farms, these farmers can
be expected to respond energetically. Model farmers
will more readily accommodate the apparent risks because
of their position in the community and because extension
werkers will be able to concentrate their efforts and
cricouragement on them.

It should be noted that it is the policy of the RTG and RID
to provide water for irrigation at no charge to the farmer. AID
an’ IBRD have counseled otherwise, but the RTG does not appear to
be prepared to modify this policy at this time. Furthermore, the
Dykes and Ditches Act provides that the individual farmers are
responsible for the maintenance of the farmm water distribution
system from the lateral canals to their fields, and if RID, as is
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Table 1. Financial impact - consolidated area farmer (US $).

Year 0 1 2 3 4 5
A. Off Farm Income 260 225 175 125 50 -
8. Gross Vilue of Farm ~
Produce 412 410 610 1,110 1,610 2,360
C. Cost of Inputs 50 150 © 250 350 500 620
D. Net Value of Farm
Produce* 362 260 360 760 1,110 1,740
E. Total Income A+D* 622 485 535 885 1,160 1,740
F. Total Income With-
out Project 622 653 686 720 756 794
G. Benefit Stream
Without Having to
Pay Capital Cost -168 -151 +165 +404 +946 etc.
H. Benefit Stream if (IRR 92%)
$115/rai Paid for
Development -2,468 =151 +165 +404 +956 etc

{IRR 22.6%)

*Includes subsistence

Table 2. Financial impact - ditches and dikes area farmer (Baht).

Year 0 1 2 3 4 5
A. Off Farm Income 260 225 175 125 50 -
B. Gross Value of Farm
’ Produce 412 510 860 1,360 1,710 1,994
C. Cost of Inputs 50 150 250 350 400 460
D. et Value of Farm
Crops* 362 360 610 1,010 1,310 1,534
E. Total Income A&D* 622 585 785 1,135 1,360 1,534
F. Total chome With-
out Project 622 654 686 720 756 794

G. Benefit Stream
Without Having to

Pay Capital Cost -69 +99 +415 +604 +790 etc.
H. Benefit Stream if (IR 285%
$50/rai Paid for
Development -1,069 +99 +415 +604 +790 etc.
(IRR 42.9%)

*Includes subsistence
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the standard practice, provides construction or maintenance
services, this is paid for by the individual farmer.

The team visited this project and details of the state of the
on-farm system facilities and operation in the general system, the
three pilot areas and the proposed AID demonstration system are
presented in Appendix D. A brief description of the irrigation
system is also presented in the Summary and Recommendations.

Northeast Small-Scale Irrigation (NESSI)

The objective of this $17 million, six-year project is to
establish a replicable approach and the necessary institutional
capabilities for increasing agricultural incomes for the rural
poor in Northeast Thailand. The target group is the rural farm
population within the potential command areas of existing small
reservoirs (tanks) in Thailand's most deprived region, Approxi-
mately 4,600 households within the irrigation areas of seven tanks
will be served by this project, but the potential replication area
encompasses more than 200 similar sites.

The project will include the improvement of deteriorated em-
bankments; the rehabilitation, extension and improvement of main
canal systems; improved access roads, the design and construction
of effective on-~-farm distribution systems; a land development com-
ponent; the provision of assistance to farmers in water management
and agricultural practices; assistancé for water user groups; mar-
keting linkages; improved operation and maintenance programs; a
crop insurance component; operational research and demonstration;
and the development of training programs for farmers and RTG per-
sonnel. There will be heavy emphasis on farmer participation in
all facets of the project which will be supported by a sizable in-
put of technical assistance.

By the end of the project, it is expected that the irrigated
area at the seven project sites will have expanded by at least
100 percent and net farm income will have increased by a minimum
of 40 percent on average. It is also expected that a viable or-
ganizational and .raining system will have been institutionalized
to extend the project approach throughout the Northeast.

The project aims to establish a sustainable system for in-
creasing the agricultural productivity and income of more than
30,000 rural poor within the potential command areas of seven
existing small to medium-sized tanks in the Northeast of Thai-
land. The strategy of the project is to address the major identi-
fied constraints to improved productivity in the Northeast region
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through a package of consultant assistance, demonstrations,
training and construction that would provide:

1. Basic infrastructure for reliable delivery of water to
farmers' fields;

2. Improved arrangements for key RTG agricultural service
organizations to deliver their services to farmers;

3. Ad~quate procedures to help link up farmers to necessary
agricultural inputs and markets;

4. A strengthened farmer organization structure for manzg-
ing and maintaining on-farm water delivery; and

5. A system of training and motivating farmers to properly
utilize inputs to increase yields and market their
crops.

The NESST Project will test and refine the approach for ac-
complishing the above objectives on the command areas during a
six-year period. It is intended that the seven tanks will estab-
Tish the replication potential of the approach and will provide a
pool of trained manpower to continue at other sites the momentum
begun under the project.

The NESSI Project will be carried out primarily by two de-
partments of the Ministry of Agriculture and Cooperatives: the
Department of Agricultural Extension (NOAE) and the Royal Irriga-
tion Department (RID). The Bank for Agriculture and Agricultural
Cooperatives and local banks will provide credit; the Nepartment
of Land Development (NLN) will conduct soil surveys; and Provin-
cial Governors, Nistrict Nfficers and village leadership will help
direct and coordinate the project.

AID's major role in the NESSI Project will be to provide
necessary technical assistance and provide financing for rela-
tively high risk and/or innovative and experimental aspects of the
project (on-farm water management structures and land preparation,
market support components, crop insurance, demonstrations, obser-
vation, travel, research and training/workshops). These compo-
nents are especially important to help assure that the infrastruc-
ture improvements financed by the RTG under the project have the
desired impact at the farmm level and maximize benefits for the
rural poor in the target areas, as well as provide a model for
future tank improvement projects.
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Field Visit. The team visited three of the proposed project
sites” and details of the on-farm irrigation facilities and
operations at one of the sites are presented in Appendix D. We
concur with the proyram as outlined in the project paper with a
few modifications in line with our earlier recommendations. The
Huai Aong, a tank project near Roi-Et, was visited and the follow-
ing information was obtained from the project report developed by
the Asian Institute of Technology (AIT) and the site visit:

1. The AIT report appears accurate enough in general ; that
is, in terms of condition of the canals and structures.

2, Soils are (Roi-Et series) sandy and not too suitable for
paddy; also, slopes are relatively steep. Soils are
loamy sand to sandy loam over clayey subsoil; upper ter-
races are rolling; the bottom terrace is nearly level.

3. Potentially, 17,000 rai can receive water during the wet
season by paddy to paddy flow (that is, the turnouts do
command the potential area). But, in talking to tail-
end farmers, there is not sufficient water at the end of
the canal system.

4. RID only constructed outlets at 250 to 500 m along chan-
nels and laterals to irrigate 100 to 200 rai from each
outlet., Field distribution is paddy to paddy, as only a
short 50 m long watercourse is provided at each outlet.

5. One farmer said he doesn't fertilize, but cultivates
eight rai of rainfed and eight rai of irrigated paddy.
Both fields have similar soils and topography. His
irrigated field is near an outlet along the upper reach
of the canal. He obtains approximately 2,500 kg and
3,400 kg of naddy from his eight rai rainfed and irri-
gated fields, respectively (310 kg/rai from rainfed and
425 kg/rai from irrigated).

6. The averazge working depth of the reservoir is three
meters. [t has a water surface area of 4,600 rai, and,
according to the AIT report, it can irrigate 16,900 rai
of wet season paddy and 10 to 12,000 rai of dry season
upland crops. The current wet season irrigation is said
to be 11,500 rai and there is little or no dry season
irrigation,

7. Based on the above, and assuming the 4,600 rai submerged
by the impoundment is good quality land, overall paddy
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production figures for the dirrigated plus tank area
during the wet season are:

Refore project: (4,600 + 16,900) x 310 = 6,630 T.
Project as is: 11,500 x 425 = 4,890 T,
A11 potential land irrigated: 16,900 x 425 = 7,180 T.

Huai Aong was the best of the tank projects visited. The
other tanks had larger inundated areas compared to the potential
irrigated areas during both the wet and dry seasons. Furthermore,
the irrigation facilities were even less complete and in poorer
repair at the other sites. For example, Huai Chrookie Mak has a
reservoir surface (inundated) area of 7,900 rai; it can only irri-
gate 4,100 rai at present, and when the irrigation facilities are
fully developed, it will only irrigate 9,000 rai during the wet
season (no dry season irrigation). However, it can provide 3.7
MCM of domestic water for a nearby town.

Another tank which was visited (Huai Talot) had an average
working water depth of only 2+ m (as compared to 3 m for the other
two). The tank area is 8,400 rai and the potential irrigated area
is 14,000 rai during the wet season, plus 7,800 rai during the dry
season. However, at present, it is serving 3,000 to 5,000 rai
with wet season irrigation only.

Since the 1land submerged by the reservoirs is of similar
quality to the land being irrigated, it is quite apparent that, in
their current condition, these project. have actually resulted in
reducing production, What is required to overcome this dilemma is
full development of the irrigation potential plus the mobilization
of the other inputs essential for high level production, More in-
tensive fish production in the tanks would also help.

Land Settlement

This $8.5 million, five-year project is a joint RTG/AID pilot
effort to improve the utilization of land in eight land settle-
ments of Northeast Thailand. Among the services the project will
furnish will be small water subprojects such as community farm
ponds, deep and shallow wells, and watershed diversions needed to
diversify crops and allow for some limited year-round cultivation
in rainfed areas.

Wet season supplementary irrigation will increase yields by
permitting earlier starts on paddy nurseries and protection from
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drought. Dry season irrigation will permit some degree of multi-
ple cropping. -

The project includes three major activities designed to
improve incomes and levels of living of approximately 44,n00 farm
families residing within the boundaries of eight Tland settle-
ments. These activities include: the construction or upgrading
of laterite roads within the settlements; the provision of domes-
tic water supplies; and the provision of technical agricultural
assistance desianed to raise yields of agricultural commodities,
both for home consumption and for cash sales.

Mae Chaem Watershed Development

This $21.8 million, seven-year project is designed to
increase real income and access to social services of the rural
poor in the Mae Chaem watershed, while restoring and maintaining
important environmental attributes of the watershed. Major USAID
inputs support a project management/outreach component, technical
assistance, land development/irrigation, capital costs, training
costs, and funds for a credit component. Plans are to develop
1,280 hectares of leveled and diked or bench-terraced and diked
land.  The project will finance 102 small-scale waterworks 1in
order to increase agricultural water supplies. This will include
35 existing diversion weirs, 62 new weirs, and five small water
impoundment projects.

Village Fish Ponds II

This $21 mi'lion, proposed five year project is mainly
directed at fish production, but also includes water for limited
irrigation for horticultural crops as well as water for domestic,
Tivestock and poultry use.

Northeast Rainfed Agricultural Development Project (NERAD)

The purpose of this proposed project will be to improve the
agricultural productivity in areas not included within the service
zones of major irrigation projects. The project will introduce a
package of measures designed to make more effective use of exist-
ing soil, water, climatic, and labor resources. This proposed
six-year duration, $18.6 million project is still in the Project
Paper planning stage, and the PID lists six major project compo-
nents: 1improvement in basic cropping systems; land improvement
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and soil/water conservation; supplemental water resources develop-
ment; farming system development; supporting components (market
development, farmer organizations and storage); and operations re-
search/feasibility studies.

Although by definition, in the target areas of the project,
there is no potential for year-round irrigation, the project will
attempt to exploit limited water resources from surface catchments
and groundwater. The water will be used for supplementary rainy
season irrigation and dry season irrigation of small (1/4 acre)
vegetable and orchard plots for each farmer.
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OPTIONS AND STRATEGIES

The topics in this section are sorted using a typology simi-
lar to that which has been previously used in our earlier reports
for Bangladesh and Pakistan,

Irrigation (Wet Season and Year-Round) and Rainfall Options

Climate in Northeast Thailand. DNue to its geographical posi-
tion, the climate of northeastern Thailand differs slightly from
other parts of the country. However, the area is ctill largely
influenced by the two monsoon winds: the wet southwest monsoon
and the dry northeast monsoon. Typhoons from the China Sea also
affect the local climate of this region. Generally, the tails of
these typhoons hit Thailand, including the northeastern region, in
April or May and cause high rainfall in the early part of the
rainy season. When the sun moves north of the equator, the paths
of the typhoons move northward beyond Thailand. In August, the
sun moves south again and typhoon paths again pass through the
northeastern area causing heavy rains in September and October.
Because of the rain shadow caused by mountcin chains between the
central and northeastern parts of Thailand, typhoons are often the
main source of precipitation in areas of the Northeast. The av-
erage rainfall is about 1,200 mm and is heaviest along the high
ridges. The minimum average daily temperature of about 22°C oc-
curs during Necember-January and the maximum average daily temper-
ature of about 31°C is reached in April-May.

Due to both the seasonality of rainfall and the yearly varia-
tions in quantity and distribution, the Government of Thailand has
actively encouraged both large and small-scale water resource
development in the Northeast. At the same time, efforts to
improve rainfed agriculture are important since, even after full
development, only 20 percent of the rural population will be
served by full irrigation.

Soils-Crops-Water, A brief description of the problems and
issues related to the soils, crop, and water and fertility manage-
ment in the Northeast is presented as Appendix E.

Research, Study and Field Trial Needs. Project planning and
management processes are restricted by the lack of analysis of
crop moisture availability based on rainfall probabilities and
moisture budgets of different crops, soils, and seasons of the
year. AID should consider providing more guidance and support to
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analyze existing weather, crop and soils data to develop crop
production surfaces for paddy and other promising wet and dry sea-
son crops (see Figure 1).

400 to 800

200 to 400

300 co 400

Typical level of inputs
under rainfed

Figure 1. Illustrative yield surface 1n kg/rai (based on
interviews and literature) for paddy production
during the wet season in Northeast Thailand.

The crop production surface presented in Figure 1 was devel-
oped from data obtained during interviews with farmers and profes-
sionals and data obtained from literature. The net irrigation
water is the irrigation water which is actually needed for evapo-
transpiration and seepage; and the other inputs include such items
as HYV seed, fertilizer, lime, and better farming practices. The
input vectors are not quantified because sufficient information
was not avatlable; and yields are given as suggested from esti-
mates of actual farm production experiences.

Nefinitive information on soil-crop-water interrelationships
is seriously deficient in most of the project areas in the
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Northeast. There are a number of experiments and field trials
reported, but the results are often conflicting because of the
confounding of several factors. The soils are not adequately
characterized, water supply information is lacking, mixed fertil-
izers are used so that it is difficult to interpret the response
to any one nutrient, certain nutrients such as calcium, magnesium
and potassium are not included in many of the experiments, etc.

The Lam Nam Oon project is as good a site as any to conduct
investigations on soil-crop-water interrelationships. Soil types
representative of extensive areas in the Northeast are in the pro-
ject area. The ECI report and other reports on the project area
provide some useful background information. The Berger Consul-
tants who are the consultants for USAID on the project, are devel-
oping some information on rainfall probabilities and are doing
some preliminary soils work.

What is needed is a long-term commitment, at least five
years, to conduct the necessary studies under close supervision of
a experienced, senior soil or plant scientist who understands
soil-plant-water interrelationships. Selection of representative
sites and design of the experiments should be such that more spe-
cific information can he extrapolated to similar situations in
other areas. These studies would provide excellent opportunities
for Thai personnel to gain experience in conducting definitive ex-
periments. Thailand is seriously lacking in research personnel to
do the kind of work required to obtain the necessary basic data
for large investments in irrigation development programs.

A soil fertility specialist would be needed to outline fiald
experiments and trials on the main soils to provide more adequate
information than is available; specifically, requirements for ni-
trogen, phosphorus, potassium, lime, sulphur, zinc or other micro-
nutrients, and the possible response to calcium silicate. Varie-
ties would need to be considered and insects and disease con-
trolled, as well as water supply.

This kind of information is essential before trials are sug-
gested for farmers' fields and any practical recommendations
made. These experiments need to be continued over a period of
several years in order tc get some measure of the uncontrolled
variables such as seasonal effects, soil microvariability, etc,
In the meantime, the basic agroclimatic data should be organized
and a group of experts called upon to suggest fertilizer levels
and HYY's which would have a high probability for success., Moder-
ate levels of these inputs could be subsidized in order to essen-
tially eliminate the farmers' risk of using them.
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NDirect and Indirect Investments

Direct investments are those for specific irrigation project
areas and indirect investments are those which are designed for
broader development strategies for a region in order to benefit a
larger audience. In Northeast Thailand, as a result of develop-
ment policy and donor assistance, many direct investments have
been made such as the Lam Nam Oon and Nong Wai Irrigation Pro-
jects. There is also need for a number of indirect investments in
research, extension, seed production, credit, health, education,
cooperatives, etc. An example of indirect investment is the
National Program for Agricultural Extension which is targeted to
the whole country.

It is not a matter of either direct or indirect investments,
but a proper mix of both, given the needs of the Northeast and the
particular internal and external constraints which must be con-
fronted. Both direct and indirect investment strategies have
strengths and weaknesses. DNirect investments, while benefiting
project areas, are usually easier to design, sell to funding agen-
cies, implement, monitor and evaluate than diffuse 1indirect
investments. Area development strategies usually have a longer
time horizon, are more complex, and have major problems related to
implementation, monitoring and evaluation.

Expansion and Intensification Options

Thailand faces the classical issue of whether to invest in
expansion of the irrigated area with new projects or more inten-
sively develop the existing irrigated area. Existing irrigated
areas are performing at much below expectation with yields much
lower than expected (potential) in the rainy season (see Fiqure
1), cropping intensities are only a small fraction of design, and
the output of most projects is much lower than potential. Fxces-
sive use of water occurs in the upper portions of the system, and
inadequate and insufficient supplies are provided to the lower
reaches of the system.

Farmers have heen reluctant to change many traditional crop-
ping practices, adopt new technologies, and increase kinds and
levels of inputs. Furthermore, they do not effectively partici-
pate in disciplined operation or effective maintenance of the on-
farm irrigation system. Qutput and economic returns on projects
are less than design and profitability of crops is not as much as
expected by farmers. Lack of credit, effective organizations, and
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availability of institutional services and inputs are in many
instances limited. Social factors also inhibit effectiveness of
the projects.

Existing irrigation projects must be improved or serious
questions about the economic viability of irrigated agriculture
and efforts to develop new projects must be asked. Farmers cannot
be expected to make investments in inputs and adopt appropriate
irrigated crop production practices if they do not believe that
irrigation water will be available on a reliable and timely
basis. If existing irrigation does not perform as designed and
cannot be improved, it is not realistic to design new projects
based on the same unrealistic criteria. Thus, irrigated agricul-
ture must not only be improved for the sake of current invest-
ments, but also to ensure the economic viability of new projects.

New 1irrigation projects have an inherent attractiveness
because they are frequently seen as a sign of progress and bene-
fits appear more obvious. Furthermore, experienced people are
usually available frum completed projects and the management and
moritoring efforts per unit of investment (donor loan) are rela-
tively small. Equity issues also favor new projects because it is
usually assumed that the new set of farmers to bhe served are
poorer than those on existing projects; but this is not neces-
sarily the case where there is so little equity in water distribu-
tion on existing projects.

Because of equity and political stability issues, investments
in new irrigation projects should continue, but only in the con-
text of providing a field 7laboratory for the best developed
improvement model to be used in designing and implementing the new
project. However, major emphasis should be placed on the improve-
ment of existing projects.

08M Budgets., Table 3 (which is provided by RID and reflects
the budget summary of October 1980) illustrates a characteristic
problem in the expansion phase of long-lasting projects, such as
irrigation systems. rhe budgetary allocation to 0&M has increased
from about seven percent of total annual construction outlay in
1972 to between 10 and 13 percent for the period between 1974 and
1981, But since construction accumulates physical assets which
must be maintained by recurring 02M expenditures, a constant per-
centage of annual construction costs devoted to 0&M results in a
drastic decline in 0&M per unit of physical facility which must be
operated and maintained. Thus, as shown in the hottom line of
Table 3, the percentage of 0&M to accumulated construction has de-
clined from seven percent in 1972 to only twc percent by 1381.
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Table 3.

Royal Irrigation Department budget in
(Bhat 20 = $1.00).

thousands of Bhat

Description 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

1. General Administration 578.6 571.9 657.1 851.1 1048.2 1071.7 1167.7 1375.1 1542.5 2045.9
(% total)* 35% 29% 28%

2. 0&M + Improvement 187.7 186.2 203.8 336.8 519.5 605.6 790.2 963.6 1055.9 1491.6
2.1. 0&M 61.4 72.5 79.2 109.3 205.5 230.8 259.6 263.4 291.5 463.8

(% construction) (7%) (10%) (13%) (13%) (12%) (11%) (12%)

2.2. Improvement** 126.3 113.7 124.6 227.5 314.0 374.8 530.6 700.2 764.4 1027.8

3. Construction 896.0 635.7 763.6 1301.4 1601.6 1704.6 2011.7 2112.8 2736.4 3699.5
Large Construction Project 573.5 393.9 499.4 877.1 999.5 937.9 1327.3 1373.9 1447.8 1805.2
Small Construction Project 322.5 241.8 264.2 424.3 602.1 766.7 684.4 838.9 1288.6 1894.3
Grand Total 1662.3 1393.8 1624.5 2489.3 3619.3 3381.9 3969.6 4451.5 5334.8 7237.0
Accumulated Construction 896 5198.0 13760.0 17460.0
0&M as % of Total )
Construction 7% 3.4% 2.02 2.6%

* Includes surveying, designing, and purchasing heavy equipment.

** Includes on-farm development.



It is impossible for us to determine the correct annual allo-
cation to O8M as a percentage of total physical facilities in
place, but if a rough figure of five percent is used, then the
1981 0&M budget should roughly be doubled to Bhat 873 million.
Obviously, a careful study of 0%M requirements should be made.
Two obvious problems with using a zimple percentage of total phys-
ical facilities are inflation effects and the difficulty of divid-
ing rehabilitation or improvement between 0&8M and additions to
total physical facilities. It is evident from discussions with
RIN Officials and Project Managers that funding for N&M is too
Tow. The 08M Division of RID operates with a very small staff
(10-15) and funds are not sufficient for either managing the irri-
gation systems properly cr maintaining them in working order. The
result is that farmers are not provided with a reliable supply of
irrigation water. Furthermore, because of poor maintenance, the
canal systems have become severely deteriorated and, in many
cases, already need renovation.

With maintenance, there are two options: either provide
enough funds for an effective maintenance program; or allow sys-
tems to quickly deteriorate and rebuild them often. For both the
Tong and short runs, it is considerably less expensive to provide
an effective maintenance program.

Main and On-Farm Investments

Historically, Thailand has followed the traditional practice
of development of dams and other facilities for the capture and
use of water for irrigation and, since 1970, has given greater and
greater emphasis to on-farm activities. However, in 1978, only
35,000 hectares had intensive on-farm developments, but an addi-
tional 153,000 hectares were under constriction and 119,000 hec-
tares were being planned for development because the RTG recog-
nizes the importance of on-farm development.

Apparent lacks in on-farm irrigation development in Thailand
are appropriate technologies for more effective on-farm improve-
nents, as well as an inteqrated approach to provision of service
and inputs for greater incentives for change and new and improved
levels of inputs.

The hasic problem is illustrated in Figure 1. With wet sea-
son supplemental irrigation in Northeast Thailand, but with no
additional inputs of seeds, fertilize , extension services, etc.
("other inputs"), the increase in yietd may be from the present
Tevel of 200 to 300 kg/rai to 300 to 400 kg/rai, or about 10N
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kg/rai. On the other hand, with no irrigation, but with “"other
inputs" the yield may increase from zero to 200 kg or an average
of 100 kg as well, It is only when both irrigation and other
inputs are applied intensively that yields may be expected to
increase to the 400 to 800 kg/rai level.

The problem is that improvement of existing irrigation facili-
ties 1is very expensive while improvement of ‘“other inputs"
requires very intensive management effort and organization, at
least over the short run, while the farmers are “learning by
doing."

The cost of improved irrigation, including distribution sys-
tems, land consolidation, leveling, ditches, drains, and access
roads 1is now running from Bhat 4,000 to 8,000/rai in Northeast
Thailand (Bhat 20 = $1.00). If yields increase by only 100
kg/rai, or by roughly Bhat 300/rai in the wet season, the present
value of the benefits (at 10 percent discount over 30 years) 1is
only Bhat 2,800. Thus, the benefit cost ratio of wet season irri-
gation activity is only about 0.5. These figures are, of course,
only rough estimates, which will vary from place to place and are
subject to further refinement, but the essential message does not
change, either:

1. More production must be obtained from intensive applica-
tion of "other inputs" in the wet season, or

2. Much more water and other inputs must be allocated to
production in the dry season with crops which require
much Tess water than paddy -- estimated at 1,100 mm per
crop at 100 percent irrigation efficiency! or

3. It must be concluded that it is not worth rehabilitat-
ing existing irrigation projects in the Northeast, much
less constructing new projects.

Certainly, (3) is not an acceptable conclusion for the 20
percent of the Northeast that can potentially be economically
served with irrigation water. Without the basic irrigation input,
as shown in Figure 1, all areas of the Northeast will inevitably
be tied to low and undependable levels of production, even with
intensive application of other inputs. The only reasonable con-
clusion is that an appropriate organizational and managerial
structure must be created to manage both (1) and (2) through in-
tensive utilization of both irrigation and other inputs.
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In Thailand, and in almost all other countries of the world,
there exists an organizational and managerial gap between the out-
let of the canal (managed to this point by the Irrigation Nepart -
ments) and the farm gate (managed beyond this point by the farmer
himself). Both sides of this gap may have excellent facilities
and be well-managed, but unless the gap in the facilities and man-
agement chain is corrected, good facilities and management on both
sides will have very little effect.

Canal system. The design of canals systems normally progres-
ses from the water supply (dam, diversion or pump) to the inlet of
the watercourse serving individual farms. However, canal design
should progress from the field based on adequate on-farm delivery
systems, to the water supply; that is, design from the bottom up
instead of from the top down. Vater deliveries should also be
managed from bottom up. Operation of the system without adequate
personnel frequently results in farmer regulation of the system in
the initial stages of system operation. This undisciplined opera-
tion of the system usually results in inequities of water distri-
bution and inefficiencies. Continuet undisciplined operaticn of
the system results in unreliable water supplies on lower portions
of the system.

Nesign of the system does not always adequately consider
flood water in natural drainage ways or runoff and erosion of the
canal banks. Provision for control of water to each outlet, while
possible, does not appear to follow any explicit or quantitative
criteria. The result is inequitable distribution of water and
quick Towering of water levels, which causes damage to canal lin-
ings.

Lack of personnel, constraints in the operation and mainte-
nance budget, and inadequate rewards and incentives for nperation
and maintenance personnel result in less than effective system
operation. Retter system management is essential and training for
operation and maintenance personnel is needed.

On-farm deljvery system, Undisciplined and inequitable oper-
ation of the canal system results in uncertain and inadequate
water supplies to many farms. The lack of on-farmm and in-field
distribution systems is a major factor in the uncertainty of water
delivery at the field. This problem is repeatedTy mentioned by
farmers, personnel and reports in Thailand.

The above factors, along with inadequate farm-gate prices,
are major causes of the farmers' unwillingness to risk investments
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in improved and increased inputs in both rice and upland crops.
Adoption of dry season irrigation is affected by uncertainty of
water supplies. Upland crops probably cannot be successfully ir-
rigated without on-farm and in-field irrigation systems, or at
least yields will be drastically reduced.

Regulation of the flow to each farm outlet and disciplined
delivery of water to the farm are both important needs in good
on-farm water management. Regulation of the flow provides depend-
able known flow rates. Prevention of unauthorized use of water
reduces uncertainty and improves equity for other farmers on the
system.

The total main canal and on-farm portions of the irrigation
water delivery system must be comprehensively managed to obtain
the planned production levels. The distribution of benefits, as
well as the public capital and management costs, are functions of
the intensity of water deliveries (flow per unit area) as well as
the intensity of development provided per unit of flow. We are
uncertain about the optimum intensity of water delivery values,
but tentatively recommend:

1. " DNelivery capacities of 1.0 to 1.1 Ips per hectare (0.14
to 0.176 1ps per rai). (Information should be obtained
from our Recommendations 3 and 8 to firm up these values
for both wet and dry season irrigation programs.)

We also offer the following tentative development intensity guide-
lines:

2. DNelivery systems should be lined and maintained to the
end of sections designed to convey water for an average
of three or more days per week during peak use periods.
Where water slopes (canal to famm watercourse) exceed
1.0 m per 300 m, pipe distribution systems should be
considered.

3. Rotational irrigation should be practiced holding dis-
charge rates (to fields) between 20 and 30 1ps.

4. Field ditches should be provided so at least 80 percent
of the fields have direct access to water without re-
quiring two or more farmers to cooperate, i.e., traverse
another owner's 1land. However, these unlined field
ditches should be maintained by the farmers under the
supervision of the appropriate public management unit,
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5. Drainage ditches should be constructed with the same ba-
sic guidelines as above.

5. Farm roads should be provided along all watercourses
signed to convey water for an average of two or more
days per week during peak use periods,

The above guidelines should be tempered in accordance with current
commitments and practices and modified as experience is gained
from the Lam Nam Oon Project and the diagnosis of existing systems
such as the NEA Tow-1ift pump system, as suggested in Recommenda-
tion 8.

On-field application system. In order to properly design the
main on-farm deTivery system, a detailed soil survey on a scale of
1:2500 or 1:5000 for the project area is recommended, preferably
the former. This should be on a bhase map with contour intervals
of 0.1 to 0.3 meters which are needed for the proper design and
Tayout of water facilities to farmers' fields.

Physical and chemical characteristics of the different soils
should be determined, including infiltration rate and permeabila-
ity, depth to permanent water table, depth to perched water table
and depth of topsoil. A soil scientist should interpret these
data for paddy and dry season crops using weather data and rain-
fall probability in terms of availahle water supply at saturation,
field capacity and soil depths to estimate the effects of land-
shaping operations. In addition, suggestions would be helpful for
nutrient requirements based on chemical soil tests and information
from experiments and trials on similar soils in the region.

Land leveling and system improvement, as now being practiced
in Thailand, are done with ineffective machinery which requires
heavy investments in foreign exchange. Repairs, spare parts and
down-time add to the expense. The results (high bunds and wasted
land, Tlack of precision in the leveled surface, breaking of the
fields into small paddies again) all suggest a need for a more
effective, less expensive program (see Appendix B),

Traditional approaches to irrigation development usually
Teave development of the on-farm irrigation system to farmers. A
properly graded field is essential for efficient and fully effec-
tive irrigation. While land consolidation and/or leveling may ap-
pear desirable, we do not recommend publicly financing these
activities except on a selective basis where essential for water
delivery purposes. However, we recommend public support for tech-
nical assistance and credit to help farmers level their land.
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Furthermore, we recommend publicly supported land leveling demon-
stration ‘projects. On such projects, we would Tlike to suggest
leveling a given percentage (say, 10 percent) of every farmer's
Tand rather than all the land owned by a few selected farmers,

Crop production practices. Crop production in any agricultu-
ral system requires management of the factors of production to in-
Crease yield. When one factor essential to production is limit-
ing, response to other inputs supplied may be zero, or even nega-
tive, Water control is an important factor to increased crop pro-
duction. Reliability of the supply is equally important. Most
evidence suggests that lack of control and reliability are the
missing factors to increased yields because farmers are unwilling
to make adequate investments otherwise. Control and reliability
of water are necessary conditions for increased investments and
changes in production practices in Thailand.

Adoption of dry season irrigation by farmers is a major goal
of the Government of Thailand. Reliability and control of water
appear to be major factors in the limited success to date,

Increased use of fertilizer and more appropriate crop varie-
ties would significantly improve yields. However, adoption by
farmers has been Timited. Major causes for less than desired
adoption by farmers are lack of knowledge in the use of these
technologies, lack of water control and reliability, shortages of
services and the above inputs, and uncertain markets. A key
requirement is that all of the above be managed appropriately for
effective crop production (see Appendix A).

In the 1976 World Bank study, it was pointed out that impacts
on production are twofold, First, the area which actually
receives full benefits from irrigation is much less than the nomi-
nally irrigated area. This difference is hard to assess in the
wet season, due to the effects of rain and local flooding, but is
clear in the dry season. Second, there is an effect on yields and
production in many areas which actually do receive irrigation
water. Lack of confidence in the system discourages farmers from
using HYV's and cash inputs. Furthermore, for the new semi-dwarf
varieties of rice and irrigated dry season upland crops, an effec-
tive drainage system is as important as a reliable water supply.

It is hard to separate the benefits of effective water con-
trol from those of extension, cash inputs and improved cultural
techniques. There is worldwide paucity of data on this topic,
although IRRI is now accumulating this type of information on its
Production Constraint Program in selected countries. (bservations
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made by the Bank in the better-drained portions of the Central
Plain suggest the yield relationships presented in Table 4. These
figures are surprisingly similar to what we found independently
(see Figure 1).

Software Investments

The RTR is fully cognizant of the need for better irrigation
system management to increase crop production; but there is 1im-
ited expertise in this area in Thailand (and worldwide). At pres-
ent, water management at all levels in every system visited is
lamentable and the absolutely critical need to improve it cannot
be overemphasized! To achieve the quantum improvements in water
management needed to make the projects viable will require a reo-
rientation of emphasis and incentives in RIN; plus a staff who
understand the technology involved and the interdisciplinary
nature of it.

The crucial software elements presently required in Thailand
relate to manpower development, operation and management of the
entire system, enforceahle water codes and regulations, viahle
water users' associations, monitoring and evaluation systems,
water charges for system improvements, a workable system of coor-
dination and integration of all agencies involved, and an improved
information flow from the field to decision-making centers,
Basic, applied, and adaptive research are not treated in this sec-
tion because 'here is special focus on this component elsewhere in
this paper; however, it is a vital element of the needed software
package.

Useful types of training. Given the growing and changing
demands for irrigation development and improvement of existing
systems, personnel development of the appropriate types is a high
priority. The curricula of existing irrigation training insti-
tutes need to be evaluated in terms of the skills required. Spe-
cialized graduate training overseas will probably bhe needed in
certain crucial skill areas, but emphasis should be given to
developing the proper training capabilities at universities, col-
leges and institutes in Thailand. Short intensive in-service,
hands-on courses are even more important for personnel with pro-
fessional degrees to supplement their training by gaining skills
in management of the system, diagnosis of irrigation systems,
developing solutions to real problems, and project implementa-
tion. In additicn, special courses need to be developed for pro-
ject managers which focus on operational management techniques
along with water management needs.
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Table 4, Estimated average paddy yields

(tons/hectare) in the

Central "Plain of Thailand under different levels of
inputs.
Agricultural Services Wet Season Dry Season Water Management
Existing services 2.0 - No effective
irrigation
Existing services 2.5 3.0 Unimproved
irrigation
system; poor
water management
Improved services
Improved cultural Unimproved
techniques 3.0 3.5 irrigation
system; poor
water management
Effective agricultural
services 3.8 4.0 Improved system;
improved
management
Improved techniques
Moderate cash inputs
Effective agricultural
services 4.6 4.8 More intensive

Higher cash inputs

system; good
management
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For non-professionals, special intensive courses should be
developed to meet the specific needs of field technicians, water
masters, and zonemen. Specific types of training may also be
needed for common irrigators and members of other organizations
involved in farm and village water systems. In some countries of
the region, such training programs are being institutionalized as
a means for continual professional development.

Operation and management. This aspect of software is recng-
nized to be of central importance, because, without it, investment
in irrigation cannot deliver the needed benefits to users. The
RID staff involved needs to be strengthened and given increased
status and incentives. Present plans appear to he adequate except
the farmer component is weak.

Farmers usually will not participate in water user organiza-
tions for the maintenance of a system until they are assured of
real benefits. Once assured of improved control of water, and
given the feeling that they are also joint owners of the system,
farmers will work together when adequate supervision and incen=-
tives are visible. Proper commitment at policy levels is needed
if farmers are to play a useful role. To simply build an unfin-
ished system and expect farmers to complete the task without tech-
nical skills or support is the main reason systems to the common
outlet appear modern and farm level distribution systems and prac-
tices appear ancient. To fill this gap in irrigation systems
requires intervention and discipline.

In some countries where water user associations (WUA's) work,
it has been found that, without resource commitment of users and
involvement in certain levels of planning ard implementation,
there is little effective organization. There is ample evidence
in Thailand that farmers will organize and pay for water under
pump schemes, will maintain their own communal systems (in the
north), and will manage their own systems. The review team is
encouraged to note that the emerging RTG policy is to charge users
for irrigation services and obtain resource commitments from farm-
ers for on-farm delivery systems before irrigation budgets become
too stressed. We recommend that AID support a policy which
assures a commitment of farmer resources. The team members are
not convinced that Thai farmers inherently will not pay for water
when it is provided to them on a predictable schedule which will
reduce their current risks.

Enforceable water codes and regulations. No irrigation sys-
tem will function adequately or equitably until a certain level of
order and discipline 1is estahlished. History is replete with
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examples which prove this assertion. The present irrigation acts
include the Field Dykes and Ditch Act of 1941, and the second
issue of the Irrigation Act of 1954. These Acts have provisions
for farmers to maintain all field channels and field dykes and
sanctions against illegal outlets and intentional damage to struc-
tures. The Acts also provide for field inspectors and assistants,
irrigation rates, and rights of way for channels and canals. How-
ever, in the present Irrigation Acts, there are no legal provis-
ions for water user feedback to system operators, project managers
and decision-makers in order to correct past errors, identify
problems, and to improve both the design and management of old and
new systems.,

Special in-service training courses will be required to
develop a cadre of individuals who can perform this function.
Trained personnel from several disciplines and departments could
monitor and evaluate all projects at the provincial level and pro-
vide information from the field to project managers and decision-
makers, This could fit with the proposed Water Resources Informa-
tion Center suggested by the AID study.

If major aspects of the system are to be monitored and evalu-
ated, it is important to have personnel trained in the critical
areas of the physical system, the hiological system and the socio-
economic aspects of the system. Such teams could also be utilized
to identify new projects, provide limited technical support for
projects and for strengthening the information system from the
field level to the central offices.

In terms of information flows, it is important to design
two-way flows between organizations involved in irrigation,
between staff within organizations, between field offices and cen-
tral offices, and most of all, between farmers and irrigation
authorities. (The proposed plan for WUA's includes the importance
of farmers-to-officials information flows.)

Coordination of agencies and integration of essential serv-
ices. Given the Targe number of organizations involved in irriga-
tion development, and the importance of integration of essential
services in all new projects, this area probably represents the
most complex software component. Organizations not only have his-
tories, but all organizations invest many resources in maintenance
of their own system, which Tlimits resources available for task
performance.

Given the particular conditions in Thailand, there are some
positive signs of possible modes which probably can be repli-
cated. In a few project areas, a national committee representing
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several agencies has agreed on a mandate for field personnel to
work jointly together. Personnel have heen assigned to a project
authority and appear to have shifted loyalties to the project
authority. Where this appears to work best is where competent and
secure staff are involved, where staff live at the project site,
and where staff have regular productive meetings to plan and dis-
cuss problems. The key is usually an able project manager, This
model needs further testing for possible replication on a larger
scale. An elaboration of this type of model is presented in
Appendix A.

There are usually strong jealousies between organizations,
all of which must struggle for funds and other resources. From
conversations with RTG officials and studies of reports and pro-
posals, there aprears to he conflict developing concerning the
role of the National Extension Service in relation to some
research stations, RID's programs of WUA's, and operations and
maintenance of irrigation systems. Before this is allowed to
become a major conflict, definite roles and responsibilities
should be clarified at the Ministry levels. Some of the conflicts
may be reduced by decentralizing (involving the provinces in)
decision-making.

Conclusions. The study team racommends that one or more
existing projects be utilized to first determine priority needs
for improvement. This should be followed by a systematic multi-
disciplinary team approach to develop and test solutions and to
utilize the most appropriate solutions for demonstration of what
is possible when a systematic, comprehensive or intensive approach
is taken. A regular system of monitoring and evaluation is needed
to assess needs, costs, and benefits to determine whether or not
such systems can or should be replicated. This should likely take
precedence over moving ahead with new projects.

This experimental demonstration project could sort out and
examine alternative management modes for integration of all serv-
ices required. Also, such a project could he utilized as a hands-
on training center for personnel at many levels. The training,
however, should not be academic or lecture-oriented as most train-
ing courses described, but he done in the field under real condi-
tions where trainees learn basic skills. To date, there are no
interdisciplinary teams or places where teams composed of engi -
neers, agronomists, economists, and behavioral scientists can he
trained in Thailand.

The proposed training would focus on: |econnaissance methods
for understanding how the system is operating; intensive problem
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identification; field methods; systematic team approaches to
development of solutions to priority systems problems; and system-
atic approaches to project implementation, management, monitoring
and evaluation. Some of the needed prototype training courses,
complete with training manuals plus some appropriate field manu-
als, have already been developed by projects in AID/Pakistan,
AIN/Egypt, and by AID's centrally funded MWater Management Synthe-
sis Project (which is doing this study). The existing training
materials, plus data and information gained from the hands-on
training in Thailand, could be utilized to begin developing field
manuals in Thai and training materials for personnel involved as
project managers, monitoring and evaluation teams, field staff
(water masters, zonemen, common irrigators, etc.)
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REGIONAL AGRICULTURAL PEVELOPMENT AUTHORITIES
by

Navid Seckler and Jack Keller

The purpose of this paper is to briefly describe some of the
problems of managing agricultural development "below the outlet"
of the secondary, or lateral canals; the experience in India;
and the opportunity for building on existing organizations in
Thailand to provide an innovative solution.

The basic problem is illustrated in Figure 1. With wet sea-
son supplemental irrigation in Northeast Thailand, but with no ad-
ditional inputs of seeds, fertilizers, extension services, etc.
("othe- inputs"), the increase in yield may be from the present
level of 200-300 kg./rai to 300-400 kg./rai or by 100 kg./rai,l
On the otier hand, with no irrigation but with "other inputs", the
yield may increase from zero to 200 kg. or an average of 100 kg.
as well, It is only when both irrigation and other inputs are ap-
plied intensively that yields may be expected to increase to the
400-800 kg./rai level.

Improvement of existing irrigation facilities is very expen-
sive while improvement of "other input" requires very intensive
management effort and organization, at least over the short run
while the farmers are "learning by doing."

The cost of improved irrigation, including distribution SyS-
tems, ‘and consolidation, leveling, ditches, drains and access
roads is now running from 4,000 to 8,000 B/rai in Northeast Thai-
land. If yields increase by only 100 kg/rai, or by roughly
B30h/rai in the wet season, the present value of the benefits (at
10 percent discount over 30 years) is only B2,800. The benefit
cost ratio of wet season irrigation activity is only about 0.5.
These figures are, of course, anly rough estimates, which will
vary from place to place and are subject to further refinement,
but the essential message does not change either:

1. More production must be obtained from intensive applica=
tion of "other inputs" in the wet season, or

lThe following approximate figures may be used: /.25 rai =
one hectare; 0.05 US$ = 1 Bhat.
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400 to 800

200 to 400

300 to 400

Typical level of inputs
under rainfed

Figure 1. Illustrative rice yield surface in kg/rai (based on in-
terviews and literature) for paddy production on Roi-Ft
soils during the wet season in Northeast Thailand. Net
irrigation water input is the irrigation water which is
actually needed for evapotranspiration and seepage; and
the other inputs include such items as HYV seed, ferti-
lizer, Time and better farming practices.
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2.  Much more water and other inputs must be allocated to
production in the dry season (with crops which require
much less water than paddy -- estimated at 1,100 mm per
crop at 100 percent irrigation efficiency!) or

3. It must be concluded that it is not worth rehabilitating
existing irrigation projects in the Northeast -- much
less constructing new projects.

Certainly (3) is not an acceptable conclusion. Without the
basic irrigation input, as shown in Figure 1, Northeast Thailand
will inevitably be tied to a Tow level of production, even with
intensive application of other inputs. The only reasonable con-
clusion 1is that an appropriate organizational and managerial
structure must be created to manage both (1) and (2) through
intensive utilization of both irrigation and other inputs.

In Thailand, and in almost ail other countries of the world,
there exists an organizational and managerial gap between the out-
let of the main lateral (managed to this point by the Irrigation
Departments) and the farm gate (managed beyond this point by the
farmer himself). Both sides of this gap may be well-managed, hut
unless the gap in the management chain is corrected, good manage-
ment on both sides will have very little effect.

About 10 years ago, the Government of India created a new
kind of agricultural organization in an attempt to resolve this
problem. This organization was called the Command Area Nevelop-
ment Authority (CADA). CADA's were created within the State level
ministries of Agricultural and Irrigation and charged with the
function of receiving water from the main laterals (which remained
under the control of the Irrigation Nepartment) and delivering it
to the farmers. On the whole, one can say that while there have
been some notable successes in the CADA enterprise, these succes-
ses have been due to the dedication and leadership of a few indi-
viduals while the failures, which are many, are due to systemic
problems 1in the structure and orientation of the CADA's them-
selves. A brief review of these systemic problems may help to
prepare the way for the opportunity we perceive for Thailand.

First, the CADA'c became mired down in problems of land con-
solidation. The farmers already had title to their individual
plots and, thus, the “carrot" of land title was not available in
India, as it is in Thailand. The farmers fiercely resisted con-
solidation of their scattered plots into one unit. While this
resistance is sometimes interpreted as irrational behavior, it is
our opinion that it was quite rational. In Tlabor-intensive,
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small-scale agricultural systems, very little is gained by large
fields, while scattered plots over different soils, slopes and
elevations provide considerable advantages in dispersion of
risks. Also, the farmers did not trust the design of the land
leveling and shaping component or this program, They feared that
they would end up with high spots, low spots, excessive loss of
topsoil, etc. Unfortunately, mainly because the designs were made
at headquarters with little field "on-the-ground" verification,
these fears were all too often realized. Eventually, the CADA's
had to abandon the 1land consolidation, and de-emphasize the land
leveling compcrents of their programs in order to get on with what
was, after all, the essential part of their job: delivering irri-
gation and other inputs.

Second, they ran into a formidable problem 1in delivering
irrigation water because the irrigation departments often refused
to cooperate in delivering water to the laterals in the correct
quantities at the proper times. Thus, when CADA personnel prom-
ised water to the farmer, they could not deliver the goods because
the canal was empty. This problem substantially reduced the cred-
ibility of CADA personnel in the eyes of the farmers.

Third, the CADA's were never able to obtain control over
"other inputs"; seeds, fertilizers, credit and extension all
remained with the line agencies and there was little coordination
of these essentially joint inputs, i.e., no coordination between
ir~igation application and fertilizer application,

Fourth, the CADA's were staffed mainly, (and exclusively, in
places) with people deputed from other agencies. These people
were oriented toward the single factor objectives of their agen-
cies and generally kept their loyalties to the objectives and
career opportunities of those agencies, rather than to the CADA's,

Fifth, the CADA's encountered the near universal budgetary
problems of operation and maintenance activities in competition
with construction activities. However, given the preceding four
fundamentai problems, the case for increased expenditure for the
CADA's was hard to make.

By pointing out the problems of the CADA's, we do not wish to
convey an impression of total failure. As noted before, some CADNA
managers were able to overcome these problems and establish Suc=-
cess in bridging the gap between the outlet and the farm gate with
corresponding ‘ncreases in production.

We believe that the CADA experience, in India, combined with
the type of organizational forms we see evolving in Thailand,
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points the way to the solution of the problem of the management
gap. Specifically, we believe the RTG should carefully test, on a
pilot basis in several command areas, what shall here be called a
"Regional Agricultural Development Authority" (RADA). The follow-
ing observations are intended to provide some of the necessary
conditions to effective operation of a RADA, not to attempt to
define the sufficient conditions. The complete operational pro-
cedure of a pilot RADA will vary according to specific conditions
and must he left open to the process of discovery, of “lTearning by
doing" by RADA personnel. However, there are six essential prin-
ciples, as we see it, which must be followed to permit this pro-
cess of discovery to evolve:

1. The RADA must be able to manage all the necessary inputs
to agricultural production. It must not only have its
own irrigation division but also a division responsible
for seeds, fertilizers, credit and the like. It should,
of course, cooperate with other agencies in provision of
these services, but it must have the option to provide
these services itself, if necessary.

2. Agricultural production and management is essentially a
land-hased activity. Thus, within each RADA, responsi-
bility should be allocated in terms of comprehensible
land areas, with the lowest administrative unit, the
Farm Development Officer (FDO), able to personally know
the farmers, soil types, and general behavior of his
area of responsibility. Therefore, each FDO should be
directly responsible for increased agricultural produc-
tion on an area of 5,000 to 10,000 rai, depending on
average farm size. The next level of responsibility
should be an area manager for each five to 10 FDO's,
The RADE itself should be limited to five to 10 area
managemert units, or 25,000 to 100,000 rai. In very
large Commands, there might bhe several RADA's under
different canals with only a minimum overall command
area authority.

3. As emphasized earlier, it is necessary to approach agri-
cultural development with an open mind, testing and
exploring various ideas in manageable pilot areas which
can then be expanded as learning by doing proceeds. It
is necessary to start small and grow as fast as knowl-
edge and control warrant. It is also necessary to have
a small multidisciplinary team at the RADA management
Tevel to avoid the “"blinders" of professional expertise
and to conduct brief orientation courses for each group
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5.

of new entrants so that the philosophy of a RADA can be
conveyed. These courses also let people get to know
each other on a personal basis. The training courses
should be free and open seminars with the active parti-
cipation of top management and visiting high officials
as often as possible.

It is perhaps too much to expect that the RADA could be
staffed by its own employees in the initial stages of
development; this would require formation of a whole new
agency of the RTG, a development best left for the
post-demonstration phase. However, people from other
agencies working in each RADA should: .

a. volunteer for this service because of personal
interest in management problems and

b. be formally deputed, for a set period of time, to
the RADA with their career evaluation in their home
agencies appraised in terms of their service to the
RADA.

Agricultural development requires on the spot decisinns,
an intimate knowledge of specific circumstances and
flexible policy formulation. The authority to make
major decisions should be delegated to the manager of
each RANA with only annual or semi-annual review by an
executive committee. Specifically, the manager should
not be bound to long term plans. One year revolving
“Plans in Principle" are sufficient.

With authority comes responsibility and accountability,
Following the "Management by Objectives" philosophy,
each department of an RADA should project its own objec-
tives in terms of timebound targets and accept responsi-
bility for either achieving these objectives, explicit
mid-course corrections, or failures only because of
obstacles beyond their control. The RADA manager is, of
course, accountable for desgning and i‘ealizing the
objectives of the organization as a whole., These objec-
tives should be stated in terms of increased effective
irrigated hectarage, increased yield per hectare,
increased income, etc., at specific times and places. A
separate monitoring team should be established in each
RADA to evaluate output performance in terms of these
objectives and these "watchers" should in turn be



"watched" by a munitoring team which checks sample moni-
toring surveys and reports to the RADA steering commit-
tee.

7. lLastly, each RADA should deal with the unirrigated, as
well as the irrigated land, within the command area of
the projects served and attempt to deliver the most good
to the greatest number of farmers as quickly as possi-
ble. The easiest inputs should be implemented first.
Typically, these are fertilizers, seeds or
short-term credit. With these leading inputs in place,
and the goods actually delivered, difficult problems are
more easily handled later. Promises should never be
made to a farmer to deliver something about which there
is the slightest uncertainty of proper technique or de-
livery. If expectations are raised and then disap-
pointed, the program car be set back irreversibly.

These are the general principles of a RADA as we see them.
In order to bring the discussion down to earth and to illustrate
the kind of innovations which the RADA may develop, we may briefly
describe an idea which has evolved within our team in our brief
survey of command areas in Northeast Thailand.

Field to field flooding of paddies makes it almost impossible
for either the project authority or the farmer himself to effec-
tively control water. Unlined ditches are quicklvy washed away in
floods, and lined channels tend to be destroyed by earth movements
under saturated conditions. An alternative means of water convey-
ance is buried pipe.

A preliminary engineering and economic evaluation indicates
that various combinations of concrete, asbestos, cement and plas-
tic pipe on lands with slopes greater than 1 in 300, together with
Tined or unlined ditches for lands with less slope, could be

2An i'lustration of the kind of monitoring and feedback sys-
tem that might be implemented is this: each farmer is given a
small coded postcard (with a happy face) which he is asked to de-
posit in a small village "mailbox" on the day he receives water.
These cards can bhe collected by someone from the RADA office twice
a week and the results shown on a map of the farms in the RADA.
Thus, the advance of the water front during the irrigation season
can be continuously monitored. Dry spots will quickly show up and
teams dispatched to correct the problem. A separate card would be
provided for each irrigation period.
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installed with one outlet for every 12.5 rai, for a cost of about
B2,000 to B3,000 per rai. Under these pipe conveyance systems,
every two farmers could have their own outlet. Maintenance costs
would virtually disappear. Perhaps most important, with this
physical system of control, the management of water between users
in both wet and dry seasons could be effectively implemented by
the RADA in cooperation with Water Users Associations.

With an effective conveyance system, at least some of the
land of every farmer can be irrigated without land leveling. With
effective irrigation on some of the land (and with other inputs)
the farmer will soon see that some land lTeveling is justified,
The RADA can provide a custom land leveling service with appropri-
ate machinery that the farmer can call on, and pay for, to perform
the amount of leveling he wishes. The RADA can then concentrate
on its proper business of solving the collective good problems of
irrigation conveyance systems: leaving the determination of the
private good problem of land leveling where it belongs, with the
individual farmer.

Most of the principles outlined above are now being practiced
in a Ford Foundation-USAID project in India, the "Sukhomajri pro-
ject", which is a very small tank development now being extended
over some 200 villages in the next five years. A copy of a paper
describing this project will be provided by the authors upon re-
quest, - While this approach has worked very well in these small 80
~acre commands, it has never, to our knowledge, heen tried in large
commands. Problems of diseconomies of size will inevitably ap-
pear. We are, however, convinced that, with the dedication we
have seen in Thailand, these problems can be managed and the gap
between the outlet and the farm gate effectively bridged.
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LAND LEVELING TECHNOLOGY: STATUS AND NEENS IN THAILAND
by

Wayne Clyma and Max K. Lowdermilk

This note briefly discusses the procedures used for land lev-
eling and intensive improvements on-farm when land consolidation
is implemented. The discussion is based on information and obser-
vations in the Lam Nan Oon and Nong Wai projects in the North-
east. An option for an alternate technology of precision land
leveling which will decrease costs and increase effectiveness is
described briefly.

Present Methods

Land leveling when implementing land consolidation is accom-
plished through the use of large imjorted bulldozers, road graders
and large self-elevating or regula~ self-propelled scrapers. No
land planes for precision leveling are available or used in land
Teveling although the rnad grader functions as a land plane in the
process of leveling, bhut is not designed for developing precision
field Tevels.

The canal systems have been designed and constructed on the
basis of a map with a scale of not less than 1:20,000 and usually
one meter contour intervals. Farm channels are then designed with
outlets, checks and drops. A survey and construction team then
arrives to survey and level each field so that water can cover
fields of irrigation of crops.

Surface elevation shots are taken at regular intervals and a
field design developed. The contiquous area leveled to one eleva-
tion (level basin system) usually consists of 0.5 to 0.75 ha
(three to four rai) in order to have adequate area for the large
equipment to operate. Soil is used also to construct elevated
roads. Sometimes extra cuts are necessary to achieve a field ele-
vation which allows the field to be irrigated from the designated
outlet. Large bunds are sometimes left around fields apparently
because of excess cut. These bunds often are one meter or more in
width,

Any factor which increases the volume of cut increases the

costs of land leveling., Larger fields at one elevation and excess
cut hoth increase cost. When equipment is purchased with foreign
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exchange, costs are increased and both spare parts paid with for-
elgn exchange, transportation and down time waiting for spare
parts all increase costs at a surprising and, often, almost a pro-
hibitive amount.

Specifications for land leveling in Thailand call for field
surfaces within +5cm of the design elevation. Observations of
fields and conversations with individuals suggest that +10cm may
be the more frequent standard. Results of extensive research in
the U.S. and other countries resulted in a specification for
fields with zero grade (level basins) of +1.5cm. This precision
leveling improves plant stands, uniformity of yield and thys total
yield, increases fertilizer effectiveness = and provides for
efficient use of water. Thus, precision of 1leveling is
important. A measure of the lack of precision of leveling in
Thailand s that farmers usually subdivide their fields into 1/2
or 1/4 the approved design size after leveling is accomplished.

The large bulldozers used in Thailand are not designed for
leveling of fields for irriga. on. They are especially effective
for dams, roads, land clearing and transportation of soil for
short distances and in very irregular terrain. This may he neces-
sary in initial work on a field. Hauling soil from one area of a
field to another is the function best performed by soil scrapers.
Once the design elevation has heen approximately accomplished, a
land plane achieves the precision of +1.5cm very efficiently,
(Road graders are not designed to accomplish this function and
have limited maneuverability on small fields.)

Once leveling is done, there is currently no attempt to touch
up fields which become unlevel due to ploughing and cropping which
take place over two or more seasons. After consolidation and
immediately after leveling, when topsoils have been shifted, there
s no followup to specifically help the farmer in management of
the cut and fill areas of the field for the first crop period.
Those who work directly with farmers, i.e., extension, are said to
have no training in either soil or water management to help the
farmer immediately gain from the initial investment.

Suggested Approach

USAID experience with land leveling in the past in Turkey and
Pakistan, and presently in Egypt, suggests that famm tractors
using indigenously manufactured scrapers and land planes are
cost-effective and very capable of achieving the precision
required for level basin irrigation systems. Farm tractors have
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many alternative uses in addition to leveling and, in Thailand,
farmers desire to have tractors to prepare fields for the second
crop. Equipment manufactured in Thailand could easily copy the
Turkish equipment and develop local industries which would stimu-
late the economy and reduce the spare parts problem and save valu-
able foreign exchange. A study of the stoppage of work at the
field level presently due to dependence on outside machinery and
the lack of spare parts to keep the equipment running would pro-
bably reveal a great loss due to equipment down time.

In both Pakistan and Turkey, a new local industry evolved
with USAID technical support which now manufactures soil scrapers,
land planes, soil chisels, ditchers and other essential farm

equipment. Opportunity exists for a similar industry to develop’

in Thailand. Use of improved equipment can reduce leveling costs
and the costs of land consolidation while improving the precision
of land leveling. Also, farm tractors made available on a hire
basis would help farmers with the first difficult plowina after
rice for the timely second crop.

Recommendations

The team recommends that AID field a team to review present
land leveling methods in Thailand. (We recommend Neil Dimick or
Marvin Parker). If the alternative techniques for precision land
leveling seem to have potential, then immediately import appropri-
ate equipment from Turkey, Pakistan, Egypt or the U.S. and evalu-
ate the technology. If successful, initiate manufacture of the
equipment in Thailand and change the procedures used in land con-
solidation. Procedures for achieving leveling should also be re-
viewed and potentially revised, and improved.

Three members of the irrigation team also work with projects
which have developed materials on precision land leveling., These
include technical manuals, training manuals and a handbook utiliz-
ing domestic resources to the degree possible. lUpon request, the
team will provide these and other materials desired related to
technologies ard procedures for precision land leveling programs.
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WATER FOR THE NORTHEAST
A Study for the Development of Small-Scale Water Resources

by
Asian Institute of Technology (AIT), September 1978

(Portions Taken from Volume I: Main Report)

Introduction and Summary

1. This study has been commissioned by the Water Resources
Development Subcommittee of the National Economic and Social
Nevelopment Board for the purpose of providing the Subcommittee
with current information on the status and potential for the
development of small water resource projects in the Northeastern
Region of Thailand. It forms a part of a number of related stud-
ies initiated by the Subconmittee to identify potential resources
and programs for improved water supplies to farmers in this reg-
ion. The region has been recognized by the Government of Thailand
as a priority area for accelerated regional development efforts.
The development of reliable water rasources is seen by farmers in
the Northeast, as well as by policy makers and administrators, as
the highest priority for rural development.

The study team has made an effort to incorporate the consid-
erable knowledge currently available with the additional insights
of farmers, local officials and professionals, into a comprehen-
sive strategy for the development of water resources in the North-
east, and a program to implement the strategy at this time,

2. The Northeast remains the poores: region in Thailand,
subject to considerable fluctuations in wet season rice yields, as
a result of inadequate supplemantary irrigation during drought
periods. Farmers are unable to develop year-round cultivation,
because of incomplete distribution systems for delivering avail-
able water to the farm. In many areas, remote from available
water resources, water is insufficient for meeting the minimum
requirements of domestic supply for people and animals, subsis-
tence agriculture and related activities. The resources for the
development of the Northeast are limited and must, therefore, he
spent on projects that hold the promise of real benefits to farm-
ers. Investment in these limited resources in water projects can
only yield the promised economic, social and hence political bene-
fits, if water reaches the farmers in adequate quantities, and if
it is effectively used by farmers to increase agricultural produc-
tion, and to improve the guaiity of their lives.

C-1



3. The strategy discussed below, and the program for imple-
menrting it, focus on the next five years as a critical period for
reaping the maximum benefits from water projects. Both political

and economic considerations require that results ‘be attained -

within this period. Thus, longer-term projects have not been con-
sidered. Two proposals which merit consideration are the con-
struction of the Pa Mong Dam across the Mekong River, and trans-
basin pumping from the Mekong River into the Chi River Basin,
Neither project is likely to materialize within the next five
»ears,

4. A water policy for the Northeast must follow a
two-pronged approach: the effective distribution of available
water resources from large reservairs and reliable rivers to the
people adjacent to these sources, and the development of small
water resource projects to meet basic water requirements in areas
which are away from large reservoirs and reliable rivers.

Thus, the two-pronged water policy can be summarized as fol-
Tows: '

(a) Emphasis on distribution from existing sources: rapid
development of distribution .systems from reservoirs and
rivers, capable of actual deliveries of water to the
maximum number of farm families; and

(b) Meeting basic requirements: rapid development of small
water resource projects in every village capable of
meeting the basic subsistence requirements for domestic
water needs, for minimal supplementary irrigation, and
for minimal dry season irrigation of garden plots.
Tiiese projects can be justified on the basis of prelimi-
nary benefit/cost comparisons, but cannot be expected to
provide the benefits of fully irrigated agriculture.

5. For purposes of water resource planning, we can divide
the Northeast into three major zones:

Zone I: Areas irrigable by large reservoirs, which can pro-
vide water for a total irrigable area of 2.1 mil-
lion rai, and benefit eight to nine percent of farm
families.

Zone II: Areas irrigable by pumping from reliable rivers
which can provide water for a total irrigable area
of 1.9 million rai in the wet season anc¢ Kenefit a
maximum 10 parcent of farm families.
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Zone III: Areas iraccessible from large reservoirs and relia-
ble rivers which contain 80% of the rural popula-
tion ana where small water .rcjects at the village
level, as well as Tlarger tanks in selected loca-
tions, are required to supply basic village water
requirements. These small projects may take the
form of small tanks, natural or dug ponds, weirs
and topographical alterations to nearby watershed
areas, and shallow or deep wells.

6. The emphasis on distribution of water resources in the
region takes two major forms. Support, both political and finan-
cial, is essential to the completion and maximum extrnsion of dis=
tribution systems fiom the large reservoirs and the reliable riv-
ers. In the future, as more and more distribution systems come
into operation, limited water supplies will have to be shared
among water users in the various provinces. A Mun-Chi River Basin
Authority may be needed to monitor and ration water supplies.

Planning of all projects, large and small, must be carried
out with distribution in mind, making sure that the budget for
distribution is available, that distribution is planned simultane-
ously with dam construction, or that no project receives funds
without a distribution plan incorporated into it. Local partici-
pation in distribution cannot be successful without technical
assistance and budgets.

7. Meeting the basic village water requirements of farmers
in Zone III will mean the provision of domestic and animal water
supplies, supplementary wet scason water supplies, and dry season
water supplies. In addition, water will be required for retting
kenaf and for raising fish. In general, supplies will not be suf-
ficient for year-round irrigation as a basis for economic develop-
ment, Adding the various requirements, the basic water needs of a
typical village are estimated to 1nv%1ve a storage on the ordcr of
100,000 m3, or alternatively 1,000 m° per family. Thus, one small
reservoir of this capacity, a number of smaller farm ponds with
this total capacity, or a combination of groundwater wells, ponds,
and a weir or a series of topographical alterations, may be
constructed to provide for these basic requirements. The field
survey indicates that, in many cases, rehabilitation of existing
systems could meet a considerable portion of this basic
requirement. It must be accepted, however, that in many cases,
villages will continue to rely on further development of rainfed
agriculture, and cannot expect the benefits of fully irrigated
agriculture.
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8. A comparison of alternative project types on the basis
of economic return and ease of implementation indicates that pump-
ing from reliable rivers is the most attractive alternative,
Small farm ponds, when initiated by farmers themselves and used
for intensive vegetable or fish production, are also attractive,
but benefit only smell numbers per project. Shallow wells and
diversion weirs are economic, but only some areas have suitable
sites. Deep wells are the most effective answer to the need for
village domestic water supply, but have limited scope for agricul-
ture because of high costs. Large and small reservoirs can be
economically viable, and can provide for vasic water requirements
of villages, as weil as for profitable agricultural activities.
The number of good sites, however, may be limited, and successful
implementation is impeded by technical complexity, problems of
land acquisition, and sociopolitical obstacles to organizing the
distribution system.

9.  The second part of this report presents a six-point pro-
gram of action for implementing the strategy discussed in Part
One. An attempt has been made to 1ink together, with minor inno-
vations, a number of recent developments, both in government
administrative procedures and in funding procedures, into a coher-
ent pregram which makes maximum use of these developments. The
essence of the proposed program is a commitment to the provision
of economically beneficial .:ter projects to villages in the
Northeast within the next fi\. years. In order t» reach ‘he great
majority of villages, a strong sense of direction will te needed
to guidz the actions of field agencies, as well as changwat gov-
ernments and village committees. There are six key rec.mmenda-
tions which form the backbone of the program.

10.  Recommendation I emphasizes the need to move rapidly
toward the adoption of a water resource development strategy for
the Northeast by the recently established Accelerated Water
Resource Development Committee, and to set in motion the Water
Resources Information Center to monitor the implementation of this
strategy.

14. Recommendation II emphasizes the need to lend suppert to
the large number of existing programs which now deliver water to
farmers in the Northeast and to improve the capabilities of line
agencies to implement projects, without restricting their ability
©o act. The Accelerated Water Resources Committee will need to
provide incentives for cooperation among agencies. Meetings among
agency representatives may be set up for the purpose of compiling
lists of projects to be carried out by each agency. Specific
forms of cooperation between agencies can be streamlined, to ena-
ble tw. or more agencies to work together on the same set of
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projects. Budgetary incentives for cooperation can be provided by
increasing the budget allocations of joint projects.

15. Recommendation III focuses on the need to strengthen the
capabilities of changwats (provinces) to plan and supervise the
implementation of a large number of small-scale water projects by
increasing authority, budgets, and technical and managerial per-
sonnel at the changwat level. The Guvernment has now established
a clear policy of decentralization, a policy aimed at strengthen-
ing the changwat administration as the local decision-making unit,
by building up the capability of changwats to plan and by channel-
ing funds for rural development programs through the changwat
administration.

18. Recommendation IV concerns the initiation of a program

to meet basic village water requirements by setting in motion a

changwat water requirements survey, to be contracted out to pri-
vate firms for immediate execution. The survey will aim at iden-
tifying a water project for every village, examining both tech-
nical and economic opportunities. Coupled with this survey, a
promotion campaign will be initiated, using community development
workers to mobilize villagers to participate in selecting and
planning village projects.

20. Recommendation V emphasizes the need to allocate subsi-
dies for village water projects, based on a fixed amount of
subsidy per family, and to make these budgets available immedi-
ately upon the presentation of approved project plans. Subsidies
must necessarily be limited, both by financial constraints, and by
the critical need to make villages self-reliant in the future,
capable of taking care of their own needs without further assis-
tance.

23.  Subsidies must be used in conjunction with Tloans and
farmers' contributions, to ensure that projects are designed and
implemented with economic returns in mind. To instill a sense of
responsibility and ownership, those farm families which benefit

greatly from receiving water on a timely basis will pay for it and -

those who receive lesser benefits will, at least, contribute their
labor and minor fees for upkeep of projects. The Government has
already decided 1in principle that, for all new irrigation pro-
jects, it will recover all operation and maintenance costs and as
much as possible of the investment costs directly from the benefi-
ciaries.

24, 'Recommendation VI is concerned with strengthening the
ability of villagers to own and operate village water projects
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effectively by forming Village Water Committees, securing theip
legal status, involving them in the initial planning stages, pro-
viding them with small budgets for an initial growth period, and
training villagers 1in operation and maintenance of small water
projects. ‘

Two-Pronged Water Po]icx

The strategy for achieving water policy objectives in the
Northeast must be premised on the delivery of adequate water sup-
plies to tiie largest numbers of farmers in the shortest possible
time. Both political and socioeconomic premises pose a serious
national challange in putting into effect a promising water policy
for the Northeast at this time. Natural topography, land capabil-
ity and rainfall constraints make it impossible, within present
knowledge and resources, to provide for irrigated agriculture
throughout the Northeast. lLarge areas remain inaccessible to
reliable water supplies. At the same time, development cannot be
restricted to areas suitable for irrigated agriculture. The Gov-
ernment is committed to spreading the benefits of water threighout
the region.

Thus, water policy for the Northeast must follow a two-
pronged approach: the effective distribution of available water
resources from large reservoirs and reliable rivers to the people
adjacent to these sources, and the development of small water
resources projects to meet basic water requirements in areas which
are away from large reservoirs and reliable rivers. The two-
pronged water policy can be summarized as follows:

1.  Emphasis on distribution from existing sources: rapid
development of distribution systems from reservoirs and
rivers, capable of actual deliveries of water %o the
maximim number of farm families; and

2. Meeting basic requirements: rapid development of small
water resource projects in every village capable of
meeting the basic subsistence requirements for domestic

water needs, for minimal supplementary irrigation, and

for minimal dry season irrigation of garden plots.,

Emphasis on distribution. Realizing that the water resources
of the Northoast are stil] grossly inadequate to meet irrigation
needs for the region, Tong-term development will require substan-
tial additional investment in large and medium-scale dam construc-
tion. In the short and medium term, however, water from the
existing dams and rivers must reach the farmers' fields.
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This can be achieved primarily in two ways: by the rehabili-
tation and completion of the canal systems of the existing major
reservoirs, and by the acceleration of pumping from the reliable
rivers. Both programs are currently underway.

The Roval Irrigation Department (RID) is progressing satis-
factoriiy with the completion of distribution systems in several
downstreum areas of large reservoirs. RID and the National Energy
Authority (NEA) are effectively developing irrigation schemes for
areas along the banks of the major rivers: The Chi, the Mun and
the Mekong. Both of these developments hold considerable promise
and must be encouraged and strengthened. Extensive distribution
systems for irrigation may benefit the substantial population
along the major rivers: first, by providing adequate supplemen-
tary irrigation which can substantially reduce risk and second, by
providing dry-season irrigation for double-cropping. A success-
fully implemented water distribution program in the Northeast will
accelerate economic growth, by increasing ‘ncomes of farmers
receiving supplementary irrigation, and by practically doubling
the incomes of farmers who plant in the dry season. Reliable
irrigation water will facilitate the introduction of new and
improved varieties of rice, will promote the use of fertilizers,
and will help introduce new crops and new farming techniques.

Meeting. Basic Requirements. The second key priority is meet-
ing the basic water requirements of farmers by reaching every vil-
lage. Gravity irrigation schemes from reservoirs are essentially
limited to approximately eight to nine percent of the farm fami-
1ies in the Northeast. Pumping 1irrigation, when it is fully
developed, may supply supplementary wet season irrigation to an
additional 10 percent of farm families 1living along reliable
rivers. This means that the benefits of irrigation from the major
reservoirs and reliable rivers are limited to less than 20 percent
of the farming population. Thus, 80 percent of the farmers will
have to continue to rely on rainfed agriculture, or partially
supplemented rainfed agriculture, in the foresceable future.

The total farming population of the Northeast comprises
approximately 2 million rural households 1iving in approximately
20,000 villacss, Many villages have not been reached effectively
and improvement of water supplies 1is still their highest
priority. Small projects to provide village water supplies have
not benefited from an overall plan of action and from proper
scheduling.

A few good examples of successful projects do exist, however,
and will be discussed below. The value of small projects is that
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they can reach the entire farming population of the Northeast
within a relatively short time. They help provide basic water
needs and, if planned and executed properly, can provide basic

irrigation requirements for early planting of seed beds, and for -

small plots of diversified crops in the dry season. While these
small projects cannot substantially raise incomes, when planned
properly, they can and do provide reasonable rates of return, and
are thus to be perceived in economic cost and benefit terms.
These benefits, if realized, will improve subsistence agriculture
and reduce out-migration.
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DESCRIPTION OF IRRIGATION SYSTEMS AND PRACTICES IN THAILAND
by
Wayne Clyma

Operation of the Irrigation System

General Characteristics

The farm outlet is located on a lateral or branch lateral
with a gated inlet. The flow rate for each outlet is established
trom the area served with 0.00013-0.00020 cubic meters per second
per rai (cms/rai) (8.6 mm/day) heing the allotted flow rate. The
supply of this flow rate is established from the full supply level
(FSL) of the canal and the diameter of the pipe. The head assumes
submerged operation, I believe.

Allocation of water past the outlet is left for the farmers
to arrange and regulate under present circumstances. The presumed
method of canal rotation is continuous flow. The usual field dis-
tribution is to allow the water to flow from paddy to paddy and
farm to farm without any farm or field distribution system. Field
distribution is also by continuous flow.

When on-farm improvements are instituted, then an appropriate
farm distribution and field system is constructed with checks,
drops and other appropriate control structures. The water is de-
lTivered to each farm by rotation under the direct supervision of a
common irrigator.

Various levels of on-farm improvements have been implemented
in different project areas. These improvements range from limited
farm channel development to 1land consolidation including farm
channels, land leveling, and consolidation of holdings. Equipment
used includes bulldozers, road graders, elevating scrapers, and a
tractor with plow and blade. The flow rate provided at the field
ranges from 25 to 30 1iters per second (1/s). This flow rate can
limit the size of field especially if the soils are not silt loams
and heavy clays that have been puddled.

The organization of a chak inciudes a common jrrigator res-
ponsible for distributing water to the farmers on an outlet which
varies in size from 50 to 150 ha. The common irrigator is elected
by the farmers on a chak. The farmer elects a chak representa-
tive as chak leader who is their representative in the Water Users
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Association. The Water Users Association consists of a hydraulic
unit of the irrigation system and may equal as much as 6,000 ha,
Thus, the association may have as many as 100 representatives, de-
pending on the size of each outlet.

The assocation functions as a communication mechanism between
farmers and the Royal Irrigation Department (RID). There is defi-
nitely communication down to farmers from RID through the associa-
tion. The question is: how does communication from farmers go up
through RID? An example of communication from RID to farmers is
when on-farm improvements are to be made, the plan is communicated
to farmers through the association.

Huai Chorakhe Mak Tank

The tank and the canal system for distributing water were com-
pleted in the 1960's. The storage capacity was 21 x 10°M3 with
the cost of construction equal to 10 million Baht. Design irri-
gated acreage is 2,000 ha, (12,500 rai), which is assumed to be
all paddy rice during the wet season. Only small areas were " ‘ri-
gated during the dry season until 1979-80. Then 830 ha (»,200
rai) of paddy and 80 ha (120 rai) of corn and vegetables were
irrigated. ‘

This tank and a number of the other tanks offer interesting
design alternatives. Because of the shallow depths of the reser-
voirs, area inundated relative to area irrigated tends to be rela-
tively small. This is especially true where reservoir operation,
high evaporation and seepage losses, and poor use of the water by
farmers combine to result in irrigation of a .much smaller area
than the designed capacity.

Farmers appear to perceive the water supply to be undepend-
able, Thus, poor use of the water and 1imited adaption of
improved inputs result. Under these conditions, a net reduction
in rice production may occur because of the area inundated by the
reervoir. No evaluation of the reservoir as a drought prevention
benefit was made by this team or by the AIT study. During most
seasons, short term interruption of the monsoon and, 1in some
yaars, longer duration droughts may severely reduce both area and
yields per unit area. In any event, the most important emphasis
for each tank should be to identify and implement improved water
management hoth at the reservoir and canal operation levels, and
at the farm level to achieve increased area irrigated and improved
yields. Results would be beneficial to present tanks and provide
a better basis for designing new tanks.
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Hydrographs of the storage volume of water in the reservoir
-raise several questions about operating rules. For several sea-
sons, the amount of water in storage at the time of heavy monsoon
suggests 1inadequate use of water, especially if dry season
irrigation were not being practiced, then there was no reason to
conserve water. Inspection of the rates of decline of the reser-
voir level raises questions about a realistic distribution of the
components of the water budget. A good budget could be developed
from existing data. ’

Operation of the canal system for irrigation releases during
the wet season is as follows: need for water (the actual flow
rate) is supposed to be established by information supplied by the
laborers (who maintain the canal) to the chief inspector on a
daily basis as he travels the length of the canal. This informa-
tion is supposedly gained hy observations of farmer needs and use
in the area where they work. This information is brought back
daily to the project site for use in regulating the flow. When a
general rain of 20 mm or more occurs in the area or at the request
of the farmers, the flow in a canal is stopped.

Canal capacity reduces at intervals along the canal. When
the flow exceeds the design capacity, an escape and return channel
to the river is provided.

Flows less than full supply level (FSL) reduce the flow of an
outlet (usually an orifice). Temporary checks by RID or an
earthen check by the farmers apparently are used to regulate the
depth of flow.

Irrigation water during the dry season is provided on a 5
days on-10 days off or 4 days cr-3 days off partial capacity
flow. No system of providing farr:rs with information about the
water supply for the dry season nor the rotation was explained. A
major complaint about undependability of the water supply is
repeatedly mentioned. No explanation of factors which would cause
undependability was provided.

The second tank provided an opportunity to review the distri-
bution of water at the farm outlet. A canal is designed for a
full supply level with an outlet of an appropriate diameter and
located to provide a head which results in a design discharge.
The outlet was not gated. A lined channel distributes water
either to a paddy or along the paddy to the next farm channel out-
let to a paddy. Distribution below the outlet is assumed to he
continuous flow. There are no division structures to apportion
the water after it passes through the canal outlet.
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Water distributed to a paddy apparently goes from paddy to
paddy until the last paddy in the sequence is reached., Then the
water would outlet to a drainage channel or the river. In the
instance checked, the water traveled in sequence through 1n
paddies and then would return to the river.

Vegetables appear to be produced on beds with several rows
per bed. Water is distribuied through furrows but within a closed
basin. Primary tillage is accomplished with a heavy-bladed hoe,

Superficial inspection of several harvested rice fields sug-
gests that fields have significant elevation variations within a
paddy. There are both high areas and low areas by as much as six
cm within the paddy.

Huai Ang Tank

There is a set of written rules for operation of a tank, but
apparently they have not been implemented. The rules by which
this tank operates are very interesting. Initiation of the deli-
very of water to any section of canal is at the request of the
group of farmers on that section of the canal. The request is
brought to the project from the farmers through the Water Users
Association. The person authorized to deliver the request is the
president, but perhaps some other person also.

Water is delivered to each section of length of the canal
when and for the length of time requested by farmers. Check
structures allow the appropriate flow rate to be delivered to the
desired section of the canal.

The canal 1lining was in a poor state of repair. The gate
control for a lateral was broken and apparently requires seasonal
repair. Another section of the canal had been washed out by flood
water. Inlets from the fields were at periodic points along the
canal for drainage of excess water. The method by which the flood
water was controlled and routed through the canal was not clear.

At Teast one ungated, farmer-installed (i11egal) outlet was
observed on the main canal. Apparently, this was not an unusual
occurrence.

The gated lateral had several outlets, check structures and
one drop structure in the section observed. Several lengths of
.farm channels had been developed with checks and outlets to the
paddies served by the on-farm channel. The structures in the farm
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channels were no longer functional. Only the evidence of their
previous installation was present. The channels were overgrown
with weeds and grass with no evidence of maintenance during the
previous season. Outlets to paddiss adjacent to the lateral were
ungated. Water flows f- .- paddy to paddy for the remaining area.
Careful inspection of :..veral harvested paddies provided the fol-
Towing data:

~1. Transplanted spacing ranged between 20 and 26 cm.

2. MNumber of tillers per plant most frequently was six, but
range was four to nine.

3. Most frequent high water mark on rice plants was 20 cm,
but within a basin, height ranged from 12 to 23 cm which
is some measure of the range in surface elevation.

The engineer answering questions seemed to think the trans-
planted spacing should be 30 cm by 30 cm. The paddy areas were
small, but variable in area presumably because of elevation dif-
ferences from paddy to paddy. The farmer expressed interest in
having all his area in one paddy, at the same elevation and lev-
eled.

A discussion between Dr. Lowdermilk, Mr. Uov~hai and the
farmer was conducted. The criteria for when to irrigate a paddy
was when the water level receded to six centimeters. The criteria
for how much to apply was a depth on the armm of approximately 30
cn.  The farmer's perception was that rice needed standing water
on the field.

A discussion was held with XID personnel about what happens
-to water distributed through the canal to farmers. The consensus
was that, with the unregulated outlets, farmers will continue to
take water when water is available. After a sufficient denth of
water accumulates in the paddies of the farmer adjacent to the
outlet, he will release water to the next farmer's fields. In
this system, maximum water accumulates and is stored first in the
upper paddies delaying the availability of water in the lower pad-
diec,

With all the upper paddies releasing water long after the
lower paddy has received sufficient water, the lower paddy will
Tikely receive too much water in the end of a water availability
periocd,

The Tower paddies on a system have outlets to a natural drain-
age way, a stream or river. A brief inspection of the lower pad-
dies on the right bank canal revealed that the last paddies had
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outlets to the river that had been used to release water from the
paddy. In the one paddy that received water from two different
directions becauss of the land slope, a pipe had been installed
through a roadbed to outlet water. A small field of rice below
the pipe had highwater marks of 45 cm. A concrete post in the
field had high water marks of 1.5 m. The latter, 1 assume, was
caused by river flooding.

The lower end of the left bank canal was visited. The impres-
sion was that the brief section visited was typical of other
canals. The section was unlined, poorly maintained and delivery
of water severely affected by the rules of operation. According

to the AIT report, some sections of the canal have been washed out’

because of 15 provision for handling floodwater in natural drain-
age ways that cross the irrigation canal. The section briefly in-
spected had the following specific conditions:

1. Outlets to paddies cut directly through the canal bank ;

2. Earthen checks in the canal presuriably operated by the
farmers above the check to the detriment of farmers on
the Tower reach of the canal;

3. Grass and weeds extensively growing within the canal ;

4. One area of brush and trash that almosy  completely
choked the canal;

5. Two outlets where the canal bank had beei. complately re-
moved for several feet.

The' above poor conditions of maintenance and an operating
condition that allows farmers on any reach of the canal to take
water as long and as much as they want suggest that farmers on the
lTower reaches of the canal will have a very undependable supply of
water.  Studies in Pakistan on poorly maintained to moderately
maintained systems showed two orders of magnitude ranging between
the mean and the maximum water delivered to a farmer, during his
turn, with the minimum delivery equal to zero. A very undepend-
able supply is the result.

Lam Nam Oon
The Project is an integrated rural development p"ogram;
There are eight departments from three ministries and a team of

AID consultants involved in the project. The agricultural program
involves assistance and services from all essential departments.
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The large reservoir services an area of 30,000 ha (187,500
rai) with both of the canal systems under construction but espec-
ially the right bank canal. The canals operate on a cont’nuous
flow delivery. Outlets operate both on a continuous flow and a
rotation system. DOr-ign discharge of each canal outlet is 0.15
Ips/rai. Each farm outlet is a 20 cm pipe with periodic check
structures to provide a sufficient head to give each outlet
the desired discharge. This discharge is stated as 25 1ps but
heads can be sufficient to supply a greater flow.

Distribution of water on a farm lateral outlet is adjusted in
response to farmers' requests for more water or less water. Zone-
men on the project, who are responsible for operatior and mainte-
nance of the canal and for regulating the water supply to each
farm lateral outlet, have not been increased as rapidly as the
irrigated area. The result is that one zoneman supervises 60,000
rai on a motorcycle with two 1iters of gasoline per week. A more
realistic area to supervise would be 10,000 rai. This shortage of
zonemen 1in the past has resulted in farmers regulating their own
outlet. As a result, farmers have resisted takeover by RID per-
sonnel of the regulation of outlets. This has created conflict in
the past with one engineer shot and killed.

The principle of system operation is that water is allocated
in response to farmer needs with provision for opening and closing
an outlet at the rvquest of farmers. Zoremen are available on a
reqular basis at locations along the caznal bhank, at an office
lTocation along the canal, and at their home in the village. Famm-
ers. deliver requests in person or by messenger to the zonemen at
any of these locaticns,

The operation of the distribution system from the farm lat-
eral outlet to the field was of interest. 1In many areas of Thai-
Tand, the distribution system stops at five to 50 meters from the
outlet. In this project area, on-farm improvements had been
instalied with a channel that included divisions, checks, drops
and concrete pipe outlets. A road also is provided along with the
farm distribution channel. Pipe outlets allocate water to either
side of the road.

Check structures wre 2vailable to requlate the water level at
each outlet. Typical slopes were 0.0004 to 0.0006 and, in sev-
eral instances, checks did not seem to be located to optimally
serve each outlet. Slots were available in each check for requ-

lating water levels but no boards were available.

Most drops also function as checks but several drops were
observed that did not regulate t'2 water level upstream to prevent
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erosion. The crest of the drop was too low to maintain a non-
erosive water surface upstream of the drop. As a result, erosion
occurred both downstream and upstream of the drop,

Even with extensive channels throughout the command area,
paddy to paddy irrigation occurred on every farm and some farm to
farm paddy distributions were still in operation. In one area,
the farmer responded that seven farmers were involved in the pad-
dy-to-paddy sequence. Fach farm would have several to five or
more paddies in the sequence.

Severz] on-farm systems were visited where both farm laterals
and drains were provided. The use of the drain by adjacent pad-
dies was inspected. The outlet to the drain was located. Then
the high-water mark on the rice stalk was determined. 1In almost
every instance, the high water mark was sufficientiy high to cause
outflow from the field to the drain. The conclusion was that
rainfall and irrigation applications result in frequent overflows
to the drain from each paddy,

The conditions of farm and field channels on several commands
were checked., Both channels frequently were full of grass and
weeds, had oxtra cuts in the farm laterals in addition to the pipe
outlets, and were of inadequate capacity and needed repair and
maintenance. In:lusion of the farm laterals in the development of
an irrigation system does provide better water control to each
farm,  Lack of regulation of the flow to each outlet and poor
maintenance of the system reduces this control,

Farm outlets without gates and with Timited regulation of the
delivery of water to each farm result in a less than dependable
water supply. The common irrigator apparently serves the function
of distributing water on-farm and between farms for each sutlet.
Where Water Users Associations are organized and functioning, the
common irrigator seems to supply a necessary function in princi-
ple. No evidence of this functioning was observed.

In land consolidation projects, land leveling is one of the
services provided. Observation of outlet commands where farmers
have built paddies to conform to the topography suggests nearly
level, irreqularly shaped, complex paddy systems will result. The
control of water to each paddy is more difficult and for the wet
season irrigation, careful cooperation and supervision of the Sys=-
tem is required for effective water control. Such a paddy-to-
paddy system adds to the undependability of water supply to farm-
ers on the tail of the system, In the dry season, paddy-to-paddy
distribution precludes the growing of rice on farms away from the
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outlet. When upland crops are grown, lack of a farm-to-farm and
field-to-field distribution system makes dry season cropping dif-
ficult and probably precludes growth of upland crops. The inunda-
tion times which result in paddy-to-paddy distribution would
destroy or severely retard upland crops. Lack of a farm and field
distribution system may be a major constraint to effective produc-
tion of dry season crops.

The approaches to on-farm development seem to take a larger
number cf variations to a basic approach. The basic approach ic
government design and construction of farm and field channels,
land leveling, roads and drains. Ditch and dyke approaches pro-
vide roads and various percentages of the farms with direct access
to a farm channel., At the other extreme is land consolidated with
construction of roads, drains, consolidation of holdings of farm-
ers to one contiguous area, land leveling and a delivery channel
to each farm. No field channels for irrigation of each bunded
unit are provided. Today (1980), costs range from 3,000 to 8,000
Baht per rai for these improvements.

Perhaps several Tlimited but innovative approaches to farm
delivery, field improvement and roads and drains should be tried
which make more of an effort to use indigenous materials and
resources with an emphasis on cost reduction. Some careful stud-
ies are also needed to define the necessary level of improvements
for various types of irrigated agriculture. For example, are
there basic differences between the needs for wet season rice, dry
season rice and upland crops? No farm channels, field channels,
drains and roads benefit all three? What are the primary require-
ments for a dependable water supply? These and other questions
are basic to improving irrigated agricultural production. They
are basic to providing answers to how to increase benefits and
reduce costs of project development while ensuring benefits to
farmers in irrigated agriculture.

Approaches to improvement should include innovative field
channel improvements with farmer participation such as pipelines,
earthen and lined open channels and improved control structures.
Pipelines have a number of advantages and appear to be a locally
available resource, but until tested for quality of construction,
maintenance costs and operating characteristics are not necessar-
ily effective. Farmer participation to improve design appropri-
ateness, reduce costs of construction and perhaps instill pride to
result in maintenance may be an effective strategv, Lam Nam Qon
offers excellent opportunity for these efforts.
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Water Management in Rainfed Agriculture

Rainfed agriculture, by its basic character adds an element
of risk which influences to a significant degree a farmer's wil-
lingness to make investments in any alternative improvement of
his agricultural system. Thus, technologies which can reduce
risk, but also technologies which can perform, on the average,
better, giver actual conditions which involve risk, are needed in
rainfed agriculture.

The Thai farmer in the Northeast has developed an agricultu-
ral system which maximizes the conservation of a Timiting nat'ra]
resource, water. First, he uses a "level" basin system with a
high bund which stores all rainfall. Second, he puddles the sni]
in the field to minimize deep percolation. Third, runoff ig
reduced to zero except in those instances when excess rainfall
produces a flooded condition. Fourth, he encourages the develop-
ment of a high water table which can be a resource or at least
reduces field losses to deep percolation. Fifth, soil moisture is
at least at field capacity and may even store to saturation with a
high water table. The major disadvantage of the crop, rice, is
its sensitivity to soil moisture stress. I am sure the five pre-
vious advantages partially compensate for this disadvantage and
may fully compensate.

For the Tlevel basin cropping system in Thailand, what are
some strategies for improv+ng dryland water management based on
principles? First, maximize the storage in each basin without
negatively affecting the crop. Two, precision leveling increases
the effectiveness of water use. Consider the marginal cost of im-
provements 1in precision leveling versus the increases in yield.
The precision leveling needs to be developed as a Tow cost tech-
nology for farmer resources and conditions.

Third, breed both flood-resistant and drought-resistant va-
rieties. Fourth, use alternative storage technologies to conserve
any excess rainfall and runoff for use in a rainfall-deficient
time interval.

Alternative storage technologies include both surface and
subsurface methods. Surface storage must store ihe maximum volume
at the Teast cost in the minimum area at the maximun depth for the
longest time. Obviously, a multi-objactive strategy must maximize
net benefits or minimize costs. Use from ground water involves
costs but would have added value because of undependability. 1In
all storage alternatives considered, water made available for
plant use must be the criteria for evaluating effectiveness., This
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criteria would recognize that water in storage may never be effec-
tively used by farmers.

The fifth strategy would be a si.ulatfon study of rainfall
probability, crop water requirements, and fha dynamics of water
use by rice in a level basin such as that used by Reddy and Clyma
(1981)1 for an irrigation system. The objective would be to un-
derstand the amount of water available for a soil, crop and cli..
mate regime for a given field condition. The study would also
lTook at the year-to-year variabilty in expected yields and the in-
cremental value of additional amounts of water in those specific
years. The goal would be to place a value on additional amounts
of water made available at the field. This would allow the deter-
mination on a more realistic basis of what the costs are which
could be incurred in making the water available.

Superimposed on the above strategy from principles of water
management is the traditional strategy of how to increase yields
through improved varieties, cropping practices such as tillage and
seeding, fertilizer and insecticides. The adoption of these ac-
tivities by farmers normally occurs through improved extension.

The risk element of rainfall agriculture usually is not
valued properly by traditional approaches to improving produc-
tion. This is bhecause the penalty of failure to a farmer with
limited resources who must mortgage his land is too great. A1l of
the traditional strategies for improving production depend on un-
known and often unmeasured levels of water management conditions
and rainfall for their success. Both water management anu raine
fall are stochastic variables as far as the farmer is concerned.
This randomness of water management conditions and rainfall input
immensely increases the risk to the farmer. Farmer adoption of
traditionally defined improved practices frequently is slow bof
as a rate of adoption and level of adoption because of the risk.
The five strategies from principles of water management are the
base on which to build the traditional strategies.

.lReddy, J. M. and Clyma, W. 1981. Irrigation System improv-
ement by Simulation and Optimization. [. Theory (submitted to Wa-
ter Resources Research). II, Applications (submitted to Water Re-
sources Research).
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SOIL-CROP-WATER MANAGEMENT:
PROBLEMS AND ISSUES IN NORTHEAST THAILAND

by
Matthew Drosdoff

The following discussion deals primarily with the Lam Nam Oon
Project, but the observations have application to similar projects
in Northeast Thailand.

.Rainfed Rice with Irrigation

Water. [ .m the available rainfall data, the amount of sup-
plementary ir:igation needed for the critical dry periods during
the wet seasor is on the order of 100 to 200 mm for other than the
exceptional years. The design and operation of the irrigation
system, however, provides farmers on the order of five or more
times that amount. This substantially reduces water use effi-
ciency and carryover of water for the dry season.

The excessive use of water poses several constraints on
increased rice producion:

1. In the saline or alkaline areas, excess water without
adequate drainage may accentuate a salinity or alkalin-
ity problem;

2. Where fertilizer is used, the efficiency is greatly
reduced, As most farmers do not incorporate the ferti-
lizer in the soil, the irrigation system of water flow
from paddy to paddy carries much of the fertilizer with
it, so that the benefits are greatly reduced and may
account for lack of response to fertilizer in many paddy
fields and increased risk; and

3. The amount of water received by each paddy field appar-
ently has no relation to the soil requirement.

The Toss of water s considerably greater on the deep sandy soils
than on those with either a relatively shallow water table or a
perched water table. Lack of information on depth to water table
or perched water table on the different soil types or phases of
5011 types makes it difficult to estimate the soil moisture-crop
relationships.
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Measured terminal (steady-state) infiltration rates on fields
in the area were as follows:

Intake Rate Water Table Depth
cm/hr) (m)
.1 to 1.3 0.5 to 2.0

Fertilizer. From f:he various reports, it appears that about
ona-third to one-half of the farmers use “ertilizer on rice, but
generally in low amounts and one formula, 16-20-0. It appears
thav most of the farmers do not incorporate the fertilizer in the
soil, but broadcast it on the surfaco. Considerable loss occurs
in the nutrients:

1.  Water flow carries it from paday to paddy either in
solution or solid particles;

2. Nitrogen fertilizer applied on the surface is Tlost by
volatilization; and

3. Leaching' of nutrients occurs in greater amounts with
excess water.

Because of the high cost of fertilizer and the dermonstrated
benefits of fertilizer in increasing rice yields under good soil
and water management practices, attention to fertilizer use effi-
ciency is an important consideration. 0Nne difficulty in inter-
preting the results of the fertilizer trials which have been done
is the confounding of the treatments applied: water, kind of
soil, method of application, variety and other uncontrolled varia-
bles.

The lack of continuity over time in conducting the trials is
also a serious handicap. Long-term trials, at least five years,
are necessary to evaluate:

1. Effects of seasonal variations;

2. Uater supply variability; and

3. Residual effects, especially of phosphorus.

Where phosphate is incorporated in the soil, it muves through the
profile very slowly, and thus tends to accumulate, even on sandy
soils. As the actual amount of phosphorus removed by the rice

crop is very small in comparison with nitrogen and potassium, it
may well be that in time, the annual amount of phosphorus to apply
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can be substantially reduced. Where only 16-20-0 fertilizer is
used in trials, one cannot determine how much of the response is
due to nitrogen and how much is due to phosphorus.

In the model demonstration land consolidation farms, a hlan-
ket application of 20 to 30 kg/rai, depending on the soil, of
triple superpiiosphate or 30 to 50 kg/rai of 20 percent superphos-
phate incorporated in the soil may suffice for several rice
crops. With nitrogen and some potash added annually, this could
give a big boost in yields.

In addition to the recognized deficiencies in nitrogen and
phosphorus, soil analyses of the major soil types indicate very
Tow levels of potassium, calcium, magnesium and suifur. Appar-
ently, very little attention has been given to these elements for
paddy rice. The almost universal use of 16-20-0 fertilizer (16
percent N, 20 percent P,0g, zero percent of K,0) where fertilizer
is used for paddy rice, neglects potassium, which may or may not
be important. Some experiments with dry season crops such as
groundnuts indicate a response to potassium. Calcium and magnes-
ium can be supplied by limestone containing magnesium, and its use
will be discussed in the next section under 1iming. '

The possibility of zinc deficiency ought to be explored, as
many soils elsewhere similar to those in Lam Nam Oon have shown a
response to small applications of zinc. Some soils may have a de-
ficiency of sulfur, and this should be examined. Where triple
superphosphate is continually used either alone or in the 16-20-0
moisture, sulfur may be lacking. Where ammonium sulfate is used
to supply nitrogen, this would take care of any sulfur needs.

Application of calcium silicate or other silicate materials
has given increased yields on poor sandy soils similar to those in
Northeast Thailand. In Japan and South Korea, for example, large
areas of sandy alluvial soils have given economic responses to ap-
plications of silicate materials. It is paradoxical that silicate
may be needed on sandy soils, but the silicon in sand may not be
available to the rice plant which normally is much higher in
silica content than most other plants.

Liming. Lime has been used on paddy fields to a limited
extent, The lime requirement for the principal soils in the
Northeast needs critical study. The ECI report discusses methods
of determining lime requirements based on soils studies in the
temperate regions and may not be applicable here. Recent research
in the tropics has indicated that much less lime is needed on acid
soils than was previously thought bcause of the location exchange
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capacity. Especially on the sandy soils which are low in most
nutrients, the application of too much 1ime may be harmful because
of nutrient imbalance.

There may be some question about the reliability of some of
the analyses on which a lime recommendation is based. The pH of
the Roi-E. soil, for example, which is estensive in the Northeast,
has been reported to range from 4.5 to 6.5 in various publica-
tions. These may be different phases of Roi-Et, or the analyses
may be in question. In any event, one should be cautious in
recommending lime. Where lime is needed, an application of 500 to
1,000 kg/ha will probably suffice for the sandy soils which have a
low exchange capacity. As magnesium is apparently low in most of
these soils, a magnesium-carrying limestone should be used. I
understand that this material is available locally.

Varieties. The performance of the various rice varieties
used is relTated to the soil-water-nutrient interaction. There is
little evidence from the various reports and other information
sources that, at present, this relationship gets much considera-
tion in the recommendation of varieties for use by the farmer or
in the development of new varieties. The proposed USAID Rainfed
Agricultural Development Project recognizes this deficiency and
recommends support for continuing research on so0il moisture-
nutrient-plant relationships.

Glutinous rice varieties are preferred by most farmers for
their staple food, and these are tall growing varieties. Gener-
ally, tall varieties are much less responsive to nitrogen ferti-
lizer for grain yield increases and are also much more susceptible
to lodging, especially during periods of high water. The develop-
ment of fertilizer-responsive dwarf glutinous varieties would
increase grain yields substantially, but whether or not these
would be acceptable to farmers is a question., Traditional tall
varieties have considerable insect and disease resistance, and
farmers are reluctant to risk new varieties which may not have
this resistance. Also, it is reported that farmers value the
straw in tall varieties for their animals more than possible
increases in grain yields.

Though farmers might prefer to grow the tall glutinous varie-
ties for their own consumption, they might be interested in grow-

ing the high-yielding fertilizer-responsive dwarf varieties on .

some of their land if they had better water control and were given
price incentives along with credit facilities and assured market,
availability of inputs such as fertilizers, and technical guid-
ance. This was done in South Korea, where farmers were encouraged
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to shift from traditional varieties to higher-yielding improved
dwarf varieties in which the nreferred eating qualities were
incorporated after some years of a:velopment.

Dry Season Crops with Irrigation

It has been estimated that only three percent of Northeast
farmland is presently served by all types of irrigation works and
only 20 percent is ultimately irrigable. Of this amount, only 20
percent 1is actually being irrigated in the wet season and Tless
than five percent in the dry season. The Timited amount of water
available for dry season crops should make rice cultivation unat-
tractive because of its high water requirement. However, if water
is available, even in insufficient quantity, farmers will tend to
grow rice.

A second crop of rice may be successfully grown on soils with
a high water table or perched water table without in excessive de-
mand on the water supply. On the deep, well-drained sandy soils
with substantial water losses from percolation, incentives should
be provided to grow crops other than rice.

A first requirement in formulating a poiicy in this matter
would he a detailed map of the main soils in a project with meas-
urements of: the water table and perched water table, available
water-holding capacity, nutrient status, texture (sandy, Tloamy,
clayey) at depths down to one meter, and other parameters, This
would provide the basis for rational policy decisions on what
areas could grow rice in the dry season with minimum additional
water supply and what areas would be best for crops such as
groundnuts, kenaf, mungbeans, cassava, etc. with a much lower
water requirement.

Incentives would probably be needed to encourage farmmers to
shift from rice to other crops on those soils ill-suited to rice
production. Some farmers are growing specialty cash crops during
the dry season such as chillies, when there is a market demand and
prices are favorable. However, farmers will not shift from rice
unless there is a reliable marketing mechanism and favorable price
incentives.

One of the most important questions discussed with the
research personnel was: why don't farmers grow rice or another
crop in the dry season? A multitude of reasons were given and
most apply to every farmer. First, there is risk. The farmer is
uncertain what the markat price will be. There is risk that if he
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invests his limited resources the uncertainty of his water supply
or other factors will create a loss rather than-a return on hig
investment, Both uncertainties and the associated risk cause him
to decide not to grow a second crop during the dry season.

Second, to grow a crop, especially rice, but generally any
crop, requires more investment and higher costs than wet season
rice. The farmer must buy seeds for the new variety of rice or
the upland crop. He would expect tec purchase fertilizer for which
he is uncertain of a return. The fertilizer is relatively expen-
sive. Other farmers' experiencss suggest that insecticides for
rice are necessary and, even wijth insecticide, the stem-borer may
damage his crop. These invastments are much greater than for wet
season rice. Thera is still the uncertainty of the new variety,
the return on the investment in fertilizer and the effects of
insects. These all involve considerable risk and change.

Third, labor is a constraint for the ‘farmer. Removal of the
vegetation from the old crop, preparation of the land or alterna-
tively hiring the tillage done with a tractor all 1equire labor
over a short interval of time. Labor migrates to the city, or
government employment programs compete for his labor. There is
also less risk on his own part in taking a job himself.

Fourth, harvest is another constraint. Labor is less avail-
able. Prices of rice or an upland crop are uncertain. Because of
high humidity and rains during the harvest, quality of the rice
may be lower than rice from the rainy season resulting in an even
lower price. Furthermore, the marketing facilities are Tess
dependable,

The uncertainty of a regular rotation and a sufficient supply
of water in the main canal, and the lack of an on-farm delivery
system which is properly maintained result in an undepenaable
water supply. Since water is absolutely necessary for dry season
production, uncertainty of the water supply is a significant, and
perhaps the major constraint. Many farmers indicated that the
unreliability of the water supply was the primary deterrent
against cropping during the dry season.

A good variety of peanuts is one of the most profitable dry
season crops when provided with the following: at least 20-60-40
kg/ha of N-P-K; an in-field water distribution system; and basin-
furrow irrigated fields with about a 50-meter length of run. Wa-
ter consumptive use for peanuts is almost 420 mm for 120 days with
a peak use rate of about 6.7 mm/day at flowering. VYields of 1.2
T/H can be expected on farmer fields.
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APPENDIX F

THE WATER BALANCE AND TECHNOLOGY TRANSFER*

by

George H, Hargreaves, Research Nirector
International Irrigation Center
Utah State University

*This appendix is added for the purpose of illustrating a method-
ology and for indicating how possible benefits from rainfed agri-
culture can be compared with those from irrigation. Probabilities
of precipitation and pan evaporation occurrence and rainfall in-
tensity-duration-frequencies are available in a publication by the
Asian Institute of Technology (AIT). Additional work directed at
applying these values to agricultural technology transfer is
strongly recommended.



THE WATER BALANCE AND TECHNLOGY TRANSFER

by

George H. Hargraaves, Research Nirector ‘
International Irrigation Center
Utah State lniversity

AITL has completed a study of rainfall and evaporation for
Thailand. Probabilities are presented for occurrence of precipi-
tation during 10 and 15 day and monthly periods. DNajly and month-
ly pan evaporation are given. Rainfall-depth-duration-frequency
and intensity-duration-frequency curves are inc'uded.

Numerous studies at Itah State University have related the
selection of desirable agricultural practices to a moisture avail-
ability index, MAI. MAI is the 75 percent probability of precipi-
tation occurrence, PD (75 percent chance of exceedence), divided
by potential evapotranspiration, ETP (MAI = PD/ETP). The
economically feasible crop growing season for rainfed agriculture
has been found to correlate well with the number of consecutive
months with MAI values exceeding 0.33. Needs for surface drainage
are related to excessive rainfall as defined by MAI values
exceeding 1.33.

The response of ‘crops to fertilizer application correlates
well with moisture adequacy. In general, potential yields are
determined principally by water adequacy and fertility. A simple
model that has produced excellent results in some locations in
Latin America is N = 0.32 ET in which N is nitrogen in kg/ha and
ET is projected total evapotranspiration by maize for the crop
growing season, MAI values were used to estimate projected crop
ET.

MAI provides an index of drainage requirements, If soil in-
filtration, slope, topography and MAI are all similar, then simi-
lar practices of water conservation or surface drainage can be ex-
pected to produce similar benefits.

Potential crop production is determined to an important de-
gree by the amount of water that enters the soil and becomes
available in the crop root zone for use by the crop. If rainfall

lThe Asian Institute of Technology, "Rainfall and Evaporation
Analyses of Thailand." October 1980, 301 p.
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intensities significantly exceed soil dinfiltration rates, then
benefits may be possible through conservation practices that in-
crease the opportunity time for water to enter the soi The AIT
publication provides information on intensities of precipitation,

A useful equation that facilitates comparisons between infil-
tration rates and depth-duration amounts of precipitation, N, can
be written:

b =Kx Ti/4 x R1/6 (1)

in which K is a constant for a given location, T is duration in
hours fiom 0.5 to 96 and R is return period in years from 5 to
100.

The relationship between pan evaporation and potential evapo-
transpiration will vary somewhat with water availability in the
adjacent area. Significant differences are found hetween irri-
gated and non-irrigated sites and between rainy season and the dry
season, However, in spite of these limitations, the ratio of the
80 percent probability of rainfal exceedence shown in the AIT re-
port divided by pan evaporation would be a convenient index for
.comparing potentials for rainfed agricultural production.

Such an index would he most useful in technology transfer for
determining desirable Tevels of fertilizer applications, the type
of drainage practices to be selected and the crops or cropping
systems most suitable for production. It is therefore strongly
recommended that follow up studies to that prepared by AIT be made
relating rainfall probabilities to pan evaporation and using the
ratios to assist in agricultural technology transfer.

In addition to a water halance index, the climate of each re-
gion or area needs to be more clearly defined. Mean temperatures,
the temperature range between maximum and minimum values, relative
humidity, solar radiation and wind movement all influence crop se-
lection and crop yields to some degree. A good summary of cli-
matic conditions provides a major assist towards practical agri-
cultural technology transfer and the development of agriclimato-
logical models.

Crop yields are directly related to water availability. A
comparison of water balance index values with amounts required fo.
full moisture adequacy can provide a convenient means of comparing
rainfed and irrigated potentials for crop production.
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