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Preface

The decade from 1966 to 1976 was a tumultuous time in the history of the Lower Mekong
Basin. Three of the four countries were at war (Viet-Nam, Lao PDR, and Cambodia) and
the fourth (Thailand) sent troops and provided bases for the conflict. Remarkably, this
was also a time of major planning for developing the agricultural production systems of the
Lower Mekong Basin. This book describes the pioneering work done in that decade
under the auspices of the Committee for the Coordination of Investigations in the Lower
Mekong Basin, otherwise known as the Mekong Committee.

We describe this work based on a draft publication that we prepared in 1977, but we
have made some editorial changes and have improved the quality of some of the figures.
Many of the maps that were prepared by the Mekong Committee remain the best available
on the respective topics. Because of the critical importance of agriculture to the people of
South East Asia, we are convinced that publishing this information will be a welcome
contribution to the literature and provide an essential historical dimension to current
agricultural development activities. We have also added a concluding chapter that briefly
summarises what has happened in the thirty years since we did our research.

While the agricultural development programme sponsored by the Mekong Committee
was concerned with both short-term and long-term needs, its primary objective was the
long-term sustainable development of the basin. Such long term planning was seen to be
critically needed for three main reasons: population increase; overexploitation of natural
resources; and the inevitability of large-scale application of modern technology in agricultural
production. The latter requires a systematic approach, because transforming existing
agricultural practices into sustained-yielding farm systems able to meet future needs, taking
into account ecological and other constraints, cannot be achieved on a piece-meal basis.

An important aspect of the long-term programme related to agricultural experimentation
and pioneer agriculture projects. The specific objective of agricultural experimentation is
to develop new methods for enhancing agricultural production and to test them under
limited-scale controlled conditions. The pioneer agriculture projects were intended to apply
these new methods under actual full-scale conditions in areas from 5,000 to 10,000
hectares, including development of farm management practices such as land preparation,
water distribution, use of agricultural chemicals, crop storage, marketing, and financing.
Thus the pioneer projects served to test and demonstrate the feasibility of new concepts in
agriculture, beginning with smaller areas and progressing to ever larger areas as experience
was gained, until eventually the new concepts could be applied broadly in the region.

The Mekong Committee’s agricultural programme also assisted in planning and implementing
short-term agricultural projects in the riparian countries. The objectives of these short-
term activities were different for each country, but each programme aimed at immediate
results, over as large a geographical area as possible and with an investment as economically
sensible as possible.
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In northeast Thailand the short-term programme objective was to ensure continued
economic growth. To this end, the Government launched various general improvement
programmes, including with irrigation, upland crops improvement, and livestocks.

In Cambodia, the Lao PDR and Viet-Nam, countries that experienced a devastating war
during most of the time described (the wars ended in 1975), the first priority was to regain
self-sufficiency in food in the shortest period of time. To this end, agricultural production
programmes were carried out with large-scale public participation which ensured a speed
of execution never before achieved. It seemed likely that in all three countries the physical
facilities to attain self-sufficiency would be in place in the fairly near future.

However, short-term programmes are unlikely to remove the constraints that impede
sustained agricultural production, both technically and organizationally. For example, it
was imperative to develop farm systems with sustained yields for the poorer uplands. It
was equally important to develop intensive and diversified farm systems for the lowlands
and to apply these at acceptable risk levels. Achieving optimal overall agricultural production
in both uplands and lowlands required a broader approach and the entire watershed had
to be considered, with watershed management and protection playing an increasingly
important role. Short-term programmes are not well adapted to solving such problems.

Even more disconcerting than the agro-technical and agro-environmental problems noted
above was recognition that very soon the shortage of water in the lower basin during the
latter part of the dry season, when water requirements are at their peak, was bound to
become the major limiting factor in agricultural development. As of 1975, in northeast
Thailand and Lao PDR some 15 thousand million m* of water were being stored in existing
tributary reservoirs; much of this water was still unused in the dry season and served to
increase the low flow of the Mekong river. However, the short-term programmes of
Thailand, the Lao PDR and Cambodia all aimed at increased use of water during the dry
season. Within a time-span perhaps as short as 10-15 years, it was expected that no extra
water would be available for agriculture in the Vietnamese delta during the critical months
of low flow (March-May).

More dams on the tributaries may not be able to contribute substantially to further agricultural
development of the basin. In north-east Thailand practically all available dam-sites have
been used already; in Cambodia the flows of the tributaries to the Great Lake are small;
and additional dams on tributaries in the Lao PDR would be primarily single purpose
power projects. It is sometimes said that local storage, using small reservoirs in the flat
lowlands of northeast Thailand and in the Vietnamese delta, could compensate for the
shortage. However, experience has shown that local storage is scarcely effective precisely
when it is most needed, at the end of the dry season; moreover it is costly and it occupies
much valuable productive land.

The conclusion is inescapable that the future of agriculture in the basin can be ensured only
with significant new investments across a broad front, including new cropping systems,
water management and infrastructure.



In summary, sustainable development would enable an effective integration of both
conservation and development of the natural resources of the lower basin, so that optimal
overall sustained production would be achieved. This was seen as a realistic prospect and
assuming it could be achieved, the lower Mekong basin would satisfy not only its own
food needs, but the basin could produce significant annual surpluses of food, feed and
fiber in the early part of the next century. The agricultural programme of the Mekong
Committee was designed to pursue these prospects, and this book described the approaches
that were taken. The alert reader will note that many of these approaches, seen as innovations
in 1967-1977, are today in the mainstream of sustainable agriculture.

Willem van Liere
Bangkok, Thailand
willem@csloxinfo.com

Jeffrey A. McNeely
Gland, Switzerland
JAM@jiucn.org

10 September 2005
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Chapter 1

Geology and Physiographic Units

Introduction

This introductory chapter presents a broad painting of the evolution of the physical land
resources of the Lower Mekong Basin and relates the existing land formations to agricultural
practices and potentials. First the geological history is described, followed by a classification
of the land forms in the lower basin into five physiographic units and an assessment of the
relative potentials for agriculture for each of the units. In subsequent chapters of Part I,
further details of climate, water resources, soils, vegetation types, and wildlife will be
added to present a comprehensive picture of the resource background for agricultural
development in the basin.

Geological History

The Lower Mekong Basin rests on an ancient block of continental crust, called Indosinia
by geologists, that has remained relatively stable since the Jurassic Period, a period of
over 150 million years. Large areas were covered by an inland sea during the upper
Mesozoic Era, during which thick red-bed sandstones and evaporites were deposited.

Strong uplift and igneous activity in northern Vietnam during the late Cretaceous and early
Tertiary periods, raised the Fan Si Pan range and developed the Red River rift along its
northeast flank (this rift has been filled with nearly 1,000 meters of Tertiary and Quaternary
sediments). During this period, Indosinia was warped into broad domes and basins along
primarily southeasterly tending axes and secondary axes at right angles. Northeast Thailand
and adjacent parts of Lao PDR (the Korat Plateau) remained mostly low-lying, so that the
Mesozoic succession is preserved virtually complete in the Mun-Chi and Sakhon Nakhon
basins, with deposits of salts which are 250 meters thick in places (Takaya, 1974). Over
much of Cambodia, on the other hand, the Mesozoic sandstones were progressively domed
up during the Tertiary and as a result were largely leveled by erosion, revealing granite
outcrops from intrusions of the basement complex in many areas. In northern Thailand,
block faulting formed flat, agriculturally important plains between the steep mountain ranges.

Although the basement complex of Indosinia has remained relatively stable over geological
time, the shaping of the present-day Southeast Asian sub-continent has been achieved by
various tectonic movements involving the Indian and Chinese continental shields, movements
which are still continuing (Molnar and Tapponier, 1975). For example, tectonic uplift has
caused the Himalayas to rise 3,000 meters since the middle Pleistocene (Hagen, 1960),

17
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and these orogenic movements have extended from the Himalayas through Burma, Sumatra,
central Indonesia, the Philippines, Taiwan, and Japan. This has enclosed the Indosinia
region on all sides and has caused the tilting of the basin which resulted in the drowning of
the eastern and southern parts of Indosinia to form the South China Sea and the Gulf of
Thailand.

The Quaternary period (Pleistocene plus Holocene epochs, basically the past two million
years) has been most important in forming the present land forms, river courses, and
major soil groups. This was a time of tectonic and volcanic events, major climatic shifts,
and changes in sea level. About 600,000 years ago, a stage of vulcanism formed most of
the basalt areas in the Annamites, northeast Thailand, and Cambodia. About the same
time, or somewhat earlier, a period of deformation further uplifted the Phu Phan range.

The Pleistocene epoch was characterized by climatic fluctuations with humid stages between
dry periods. The dry periods probably coincided with glaciations at higher latitudes and
they were responsible for major erosion in the Lower Mekong Basin (Carbonnel, 1972).
During these periods, much of the forest cover may have disappeared on the Korat plateau
and in the Mekong plain, resulting in large erosional alluvial fans with sands, gravels and
boulders. On the Korat plateau the older alluvial surfaces have progressively higher
elevations and greater slopes; by contrast, in the Mekong plain, each progressively older
plain tends to pass under the deposits forming the next younger plain. Elevation of the
older parts and the subsiding of the younger parts probably continued to occur as recently
as the late Pleistocene.

Very little is known in detail about the Quaternary of the Mekong river upstream of the
delta. In contrast with other rivers originating from the Himalayas, such as the Irrawaddy,
Salween, and YangTse, no Pleistocene deposits of any importance are known along the
Mekong's course. Some of the Quaternary deposits found well inland are probably of
marine origin as is implied by the fossil coastline with large funnel shaped tidal valleys
around the Great Lake, which would correspond with a higher Pleistocene sea level.
However, as late as 20,000 years ago, the sea level was again about 100 meters lower
than at present.

The Holocene epoch, starting about 10,000 years ago, began rapidly rising sea level. In
Vietnam, lagoonal deposits were formed behind a series of sandy shorelines and these
account for the acid surface soils of the Plain of Reeds and the Trans-Bassac. Some 1 to
2 meters of recent fresh-water alluvium have been deposited in the Great Lake, the base
of which has been dated at about 5,700 years of age (Carbonnel, 1972).

Physiographic Units

As the result of the complex geological history sketched above, the Lower Mekong Basin
now consists of five rather distinct physiographic units: the Northern Highlands; the Annamite
Chain; the Southern Uplands; the Korat Plateau; and the Mekong Plain. These units each
have distinct geology, climate, vegetation, human-use patterns, and potential for development.



Geology and Physiographic Units

Northern Highlands

The Northern Highlands comprise northern Lao PDR as well as Loei province north of
Phu Luang in northeast Thailand and the mountains of Chiengrai province in northern
Thailand. This is a strongly folded mountainous area where the processes of erosion have
carved a highly complex and dissected relief. The topography is steep and rugged, trending
mostly northeast-southwest, with mountain ridges of 1,500 to 2,800 meters usually more
than 600 meters above the adjoining valley floors, and with most slopes exceeding 30
percent. Most of the rocks are Mesozoic, with linear fold belts of Triassic-Lower Jurassic
age. The region has a few relatively large upland plains, such as the Plain of Jars on the
Xieng Khouang Plateau. The river valleys usually have small Quaternary alluvial terraces,
but the plains of northern Thailand in Chiengrai province are quite extensive, with some
220,000 ha of wet rice fields.

The climax vegetation above 1,000 meters is usually Hill Evergreen Forest, but this forest
has been much disturbed by the destructive swidden agriculture practiced by recent maize
and opium-growing hill tribe immigrants, resulting in large areas that have become dominated
by a few non-native species of unproductive Imperata grasslands and broad-leafed weeds
(Chromolaena). The lower areas are covered with dry evergreen and deciduous forests,
including teak forests, with the valley floors invariably given over to crops, especially rice.
Human population is sparse, averaging 5-14/km?, though populations in valley bottoms
where wet rice is grown are considerably higher (as in Chiengrai where the population
density is 58/km?).

In the uplands, swidden agriculture is the dominant land use and most inhabitants are hill-
tribes (dominated by Khamu, Meo, and Thai Daeng). The potential of the Northern
Highlands for hydroelectric power development is substantial, but the potential for irrigation
and other agricultural development programs is markedly less than in other parts of the
basin (with the exception of the Chiengrai plains).

Annamite Chain

The Annamite Chain extends for 800 kilometers within the basin, from the Langbian plateau
in the Sre Pok drainage at about 12°N to the southern edge of the Northern Highlands
(19°20°N); the range is 50 to 300 kilometers wide and 500 to 2,500 meters high, dividing
the Mekong drainage on the west from the South China Sea drainage on the east. The
northwest-southeast trending chain is mostly steep and mountainous in the north and central
parts, but forms dissected hills and rolling to hilly plateaus in the south. This discontinuity is
aresult of an ancient geological history; the Kontum Massif in the south is an eastern
outlier of the Pre-Cambrian metamorphic rocks of the Indosinian basement complex. This
core of ancient rock has been repeatedly folded, overlain with sedimentary rocks, refolded,
and then exposed to an episode of vulcanism about 600-700,000 years ago which resulted
in large areas of basalt (including the Bolovens Plateau). Of special interest in the Annamite
Chain is the Khammouane Plateau, a hilly karstic limestone area east of Thakhek which is
amaze of steep ridges and pinnacles with numerous sinkholes, caves and disappearing

streams. This forms the single most extensive area of limestone in the basin.
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The rainfall in the Annamites is particularly heavy along the south and west flanks, which
receive the full force of the southwest monsoon; some of the inner valleys, however, are
considerably drier, resulting in deciduous forests. At one time, the parts of the Annamites
which receive over 2,000 mm of rain per year were completely covered in dense rainforest,
but many areas have been cleared for swidden agriculture. When this was done at low
population levels, it probably represented a sustainable use of the land, but continued
burning with increased population density has depleted the soil in many regions (particularly
in the south), resulting in wide expanses of unproductive grasslands. Most forests between
Dalat and Ban Me Thuot have been cleared, as have the forests along the Sre Pok,
extending into Cambodia. The dominant land use is still swidden agriculture, with less than
1 percent of the land used for wet rice. The population is sparse (under 4/km? in the north,
5-40/km? in the south), but is highly diverse in hill-tribe cultures.

Though the Mekong tributaries have more gentle profiles than the streams draining
eastwards into the South China Sea, they are broken by many falls and rapids. The northern
half of the Annamites is better suited to hydroelectric power development than the less
accented relief of the southern half, which provides only limited opportunities for irrigation
development in the tributary valleys. Also the basalt areas have some potential for upland
Crops.

Southern Uplands

The Southern Uplands consist of the Elephant and Cardamom mountains, separating the
Cambodian part of the Mekong Plain from the Gulf of Thailand and continuing into Thailand
as far as Khao Soi Dao in Chantaburi. The eastern end of the uplands is mostly continuous
mountains while the western end is intersected by rolling and dissected plains (now planted
with fruit orchards and field crops). The uplands are 500 to 1,700 meters high, formed of
the same Mesozoic formations as the Dangrek and Petchabun ranges, with some crystalline
massifs. Slope gradients generally are moderate in the north and rather steep and eroded
in the south, with only a few steep escarpments.

The Southern Uplands receive a very high rainfall, as much 5,000 mm/year in some places;
this results in very dense tropical rainforest and very low human population (under 4/km?
in most parts). Hill-tribes are a negligible portion of the population, and even swidden
agriculture is very limited (though more common on the drier northern side, which isin a
rain shadow). The region has little scope for agricultural development.

Korat Plateau

The Korat Plateau comprises northeast Thailand and adjacent parts of Lao PDR from Pa
Mong south to Pakse. The plateau is a large (500 x 500 km) saucer-shaped intermountain
basin tilted towards the southeast, the floor of which is 100-200 meters in elevation, with
the surrounding mountains reaching 1,400 meters. Hills considered part of the Korat Plateau
all consist of Mesozoic sandstones and include the Dangrek range from the Thai-Lao
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PDR-Cambodia border west to Khao Yai National Park; the eastern part of the Petchabun
Range from Khao Yai north to Phu Luang; and the Phu Phan range in Sakhon Nakhon, an
isolated massifin the middle of the plateau. Much of the plateau is underlain by thick
deposits of salt formed in the Cretaceous period.

The hills above 1,000 meters are covered in Hill Evergreen and Coniferous forests, with
the lower areas in Dry Evergreen, Deciduous Monsoon, or Dry Dipterocarp forests,
depending on rainfall and human activity; much of the area is rather dry due to the rainshadow
effect of the surrounding mountains. Deforestation has contributed to the recurrent floods
and drought which plague the plateau and much of the area is covered with unproductive
scrub or grassland vegetation.

The Nam Ngum and Nam Lik rivers rise in the Northern Highlands and form a broad
alluvial plain north of Vientiane, at the northern edge of the plateau. The east bank of the
Mekong has several major tributaries which rise in the Annamite range, all of which have
alluvial valleys in the Korat Plateau, including the Nam Theun, Se Bang Fai, Se Bang
Hieng, and Se Done. More than half of the Plateau is drained by the Mun and Chi rivers of
northeast Thailand, which experienced some of the earliest development of rice agriculture
in the basin and, judging from archaeological sites, must have supported fairly dense
prehistoric and early historic human populations. Later populations were considerably
smaller, but with recent advances in agricultural technology the population has again
increased and much of the plateau supports populations of 80-150/km?. About 17 percent
of'the land is used for growing wet rice, totaling some 3,500,000 ha (over 70 percent of
the cultivated area). Other important crops are kenaf' (550,000 ha, 11 percent of cultivated
area), maize (275,000 ha, 5.5 percent), and cassava (160,000 ha, 3.3 percent) (1973-4
figures). The Korat Plateau offers substantial scope for further agricultural development
by means of flood control, drainage, and irrigation on the more productive soils.

Mekong Plain

The Mekong Plain is a vast low-lying area traversed by the Mekong river; however, only
arelatively small portion of the Mekong Plain consists of fluviatile deposits of the young
Mekong. The plain comprises most of lowland Cambodia and the Mekong delta of
Vietnam, a small part of southern LLao PDR and a small part of eastern Thailand in Chantaburi
and Prachinburi provinces. It is bordered by the Dangrek escarpment on the north, the
Elephant and Cardomom mountains on the south, and the southern Annamite Chain on the
east. The plain is about 800 kilometers from north to south and 600 kilometers from east
to west; it is mostly less than 100 meters in elevation, but a few higher outcroppings are
scattered throughout the plain and much of northern Cambodia is characterized by rolling
and dissected plains between 100 and 200 meters elevation. The Mekong Plain is the
result of erosion and sedimentation; the sediments vary in depth from at least 500 meters
near the mouth of the Mekong to only about 30 meters at Phnom Penh, with bedrock
outcroppings in isolated hills above the plain in several places.

21
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Leaving the south-eastern edge of the Korat Plateau, the Mekong river plunges over the
Khone Falls and reaches the lowlands of the Mekong Plain. In the east, the Se Kong, Se
San, and Sre Pok tributaries descend from the Annamite Chain and join on reaching the
Mekong Plain at Stung Treng. At Sambor the Mekong crosses its last series of rapids and
enters its lower course, characterized by high but narrow natural levees and a broad
floodplain. Further downstream, the Mekong receives the waters of a major tributary, the
Tonle Sap, at Phnom Penh. The Tonle Sap, fed by the streams which drain into the Great
Lake in western Cambodia, reverses its flow in the rainy season, when part of the
floodwaters of the Mekong flow up the Tonle Sap into the natural storage basin provided
by the Great Lake. Immediately below the Mekong-Tonle Sap confluence at Phnom Penh,
the Mekong river divides to form the Mekong and Bassac rivers. Here, between Takeo
and Prey Veng, the Lower Mekong Basin is at its narrowest before spreading into its
broad alluvial delta. Bordering the sea, at the nine mouths (“Nine Dragons™) of the Bassac
and Mekong, the combined action of river deposition and the sea have produced a coastal
belt of slightly higher elevation. Deposition in the delta continues to extend the Ca Mau
peninsula southwards and westwards at a rate of 150 meters per year in some places.

Although much of the Mekong Plain is subject to annual flooding and the southern tip of the
Mekong Delta receives high rainfall throughout most of the year, most of the plain is somewhat
dry due to rainshadow effects. Mangrove forests are found along the seaward edge of the
delta and fresh-water swamp forest grows in some places around the Great Lake. A large
expanse of acid sulphate soils, which is inundated for much of the year, forms the Plain of
Reeds, but most of the non-agricultural areas are covered by deciduous forest.

The Mekong Plain is currently the most densely populated part of the basin, with densities
over 450/km? in the rice-growing regions of the delta (rice being grown on 50 percent of
the land area and 92 percent of the cultivated area). The richest rice-growing areas of
Cambodia are also densely populated, especially south of Tonle Sap and on the Battambang
plain. The northern and eastern savannas, however, are very sparsely populated, with
Preah Vihear, Stung Treng, and Mondulkiri having less than 4 people/km?.

The lowlands, particularly the areas of Holocene alluvium, have historically been the most
densely populated and productive agricultural part of the Lower Mekong Basin. These
areas have substantial water resources development potential for agriculture.

Conclusion

The Northern Highlands, Annamite Chain, and Southern Uplands are generally low in
potential for agricultural development and are best used for forestry, swidden agriculture,
watershed protection, and protected areas. The Korat Plateau and the Mekong Plain,
however, offer very substantial productive possibilities for modernized irrigated agriculture.
The potentials for these units will be examined in detail in Part II.



Chapter 2

Climate and Water Resources

Introduction

This chapter discusses two of the most fundamental agricultural resources: climate and
water. Though human activities such as forest clearing and burning of fossil fuels may have
local effects on the climate, basically the weather is a resource over which people have
little direct control. Rather, the climate is a major constraint circumscribing productive
human activities. The first half of this chapter discusses how the climate affects crop
production in the Lower Mekong Basin.

The second half of this chapter is devoted to the Mekong river, including its flow, sediment
load, water quality, salinity intrusion in the delta, and flood patterns. All of these parameters
are closely related to agriculture. While little can be done to increase rainfall or decrease
droughts, much can be done by people to control the Mekong River’s available water in
support of sustainable development. This was the major thrust of the Mekong development
program.

Climate

The major climate systems operating in the region form part of the global atmospheric
circulation; the regional climate is part of a series of mechanisms which maintain the energy
balance of the globe through poleward movement of heat energy. The Lower Mekong
Basin is situated in the center of the monsoonal region of Asia, characterized by a reversal
of wind direction between summer and winter due to differential heating of extensive land
and water surfaces. Starting in May, the land surface of China becomes warmer than the
surface of the surrounding seas so that a low pressure area develops over the land and a
high pressure area develops over the sea; thus the southwest monsoon carries moist air
from the Indian Ocean to the land, where it is condensed to fall as rain (75-95 percent of
the annual rainfall occurring during this period). Conversely, during the winter, the surface
of'the sea tends to be warmer than the land so the high pressure area is over the land and
the dry continental air masses of the northeast monsoon flow towards the sea, bringing dry
conditions to the basin.

Koppen’s Climatic Zones

Although the Lower Mekong Basin is often said to lie entirely within the tropical zone and
the whole basin is affected by the monsoon, the basin in fact has three major climatic zones
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based on rainfall, drought, temperature, and solar radiation (following the K&ppen system).

A. The Tropical Monsoon zone has heavy rainfall most of the year. The short semi-humid
period (generally December-February) has less than 60 millimeters mean monthly rainfall,
but the ground remains sufficiently moist to support rainforest. Mean temperature in the
coolest month is above 18°C, and the temperature has a low annual range which is
usually exceeded by the diurnal range. The Tropical Monsoon zone includes most of
the Southern Uplands, the southern tip of the delta, and much of the Annamite Chain.

B. The Tropical Wet and Dry zone has a distinct dry season from December to May, with
several months having less than 60 millimeters of mean monthly rainfall. The mean
temperature of the coolest month is above 18°C, and diurnal and annual temperature
ranges are moderate. This is the dominant climatic zone in the basin, comprising virtually
all of the areas of the Mekong Plain and Korat Plateau which are proposed for agricultural
development programs.

C. The Subtropical Wet and Dry zone has a distinct dry season during December to May,
with the minimum monthly rainfall only one-tenth that of the wettest month of the wet
season. The mean temperature of the coolest month ranges from 18°C to 13°C, and
the annual mean temperature is relatively low (though the diurnal range is usually greater
than in the Tropical Wet and Dry zone). This climatic zone is found primarily in upland
areas of the Northern Highlands and in the highest parts of the Annamite Chain.

Temperature, Rainfall, and Solar Radiation

Illustration 1 shows selected climatic data for each of the five physiographic units in the
basin. The marked annual variation in rainfall is notable, with the variation sometimes
exceeding the mean. Based on 60 years of rainfall records in three provinces in northeastern
Thailand, annual rainfall is widely variable, the 5-year moving average is somewhat less
variable, and the 60-year period clearly showed a fluctuating trend (Kawai, 1974).
Topography, wind currents, and random thunderstorms also lead to marked local
differences, so the climatic data presented should be taken only as indicative of the general
climatic picture.

Since plants create new matter through the process of photosynthesis, the amount of solar
radiation is a vital parameter for agriculture. Geographical, seasonal, and diurnal variations
of global solar radiation have been surveyed for Thailand (Exell and Saricali, 1976), including
detailed maps of the geographical distribution of solar radiation prepared from data on
cloudiness at 44 stations, duration of sunshine at 18 stations, and linear regressions relating
radiation to sunshine at Chiengmai and Bangkok. The highest mean values are above 470
cal cm? day and are widespread during the spring dry season; the lowest mean values are
below 350 cal cm day in restricted localities with heavy rainfall in autumn.

Regional temperature, rainfall, and solar radiation data generally are not good indicators
of micro-climate. Forested areas, for example, generally experience less temperature
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ILLUSTRATION 1: CLIMATIC DATA FOR SELECTED LOCALITIES IN THE LOWER MEKONG BASIN
Location Precipitation Temperature (°C) Elevation
Maximum | Minimum Mean May-Oct. | Maximum | Minimum Mean | (metres)

I. | Northern Highlands:

Luang Prabang (L) 1879.0 493.1 |12443 84.8 48.8 0.8 242 | 287.0

Chiengrai (T) 2302.9 [1120.2 |1628.1 89.7 41.3 2.0 24.8 382.0

Xieng Khouang (L) 2501.9 |1232.3 |[1715.9 75.1 33.9 3.0 19.4 | 1149.0
II. | Annamite Chain

Boloven (L) na na |3742.5 87.7 na na na |1200.0

Pleiku (VN) 3154.0 [1937.0 |2450.9 92.7 34.7 5.6 21.8 800.0

Ban Me Thuoi (VN) 2234.0 [1480.0 |1733.1 87.1 39.4 7.4 23.5 536.0
III.| Southern Uplands

Kampot (C) 3120.0 [1434.0 |1905.0 79.1 37.2 4.7 27.0 5.0

Val d’Emera ?(C) na na |5124.1 76.2 na na na | 950.0

Chantaburi (?) 4158.2 |1739.6 |2837.8 88.5 40.8 8.9 27.2 6.0
IV.| Korat Plateau

Udonthani (T) 1998.5 [1367.0 229.4 87.5 43.9 2.5 26.8 181.0

Korat (T) 2415.6 730.7 |1180.6 81.8 43.4 4.9 27.1 189.0

Savvanakhet (L) 1181.9 |[1182.5 |1395.5 87.8 42.4 5.6 26.0 140.0
V. | Mekong Plain

Battambang (C) 1970.0 919.0 |1376.4 81.0 41.0 10.4 27.0 22.0

Siam Reap (C) 2056.0 466.0 |1431.7 76.2 20.3 9.5 26.7 21.0

Pakse (L) 2582.4 749.4 11929.5 93.9 39.7 7.0 26.4 96.0

Note: T = Thailand; L = Lao PDR; C = Cambodia; VN = Viet-Nam

variation, both daily and seasonally; humidity is higher in forests than in cultivated areas;
and rainfall as measured on the ground is less in forested areas than in comparable cleared
areas because of the interception of rain by the various canopy layers of the forest (though
rainfall is actually higher in forested areas due to differences in surface albedo). The areas
remaining in forest are generally in the uplands, where elevation also has a marked effect
on the climate. The temperature is about 1°C cooler for each 200-300 meters in elevation
and rainfall is higher in uplands because of local convection currents and wind effects. The
distribution of hill evergreen forests in the otherwise dry Korat Plateau is a good indication
of higher and more evenly distributed rainfall in the upland areas.

Generally, the highest rainfall areas are in the Southern Highlands, the central and southern
parts of the Annamite Chain, and the western coastal areas of the delta (2,000-4,000 mm/
yr). Large areas in the Korat Plateau and the regions surrounding the Great Lake are

shielded by the coastal ranges and receive less rainfall, averaging between 1,000 and
1,400 mm/yr.

Crops and Rainfall Pattern

Since yields of most crops grown under traditional conditions are heavily influenced by
climate, especially the annual rainfall pattern, analysis of relationships between climate and
agricultural production is exceedingly important. Kawai (1974) has analyzed rainfall
distribution and frequencies to determine the relationship between paddy yields and rainfall
and to identify regional irrigation priorities.
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It should be mentioned here that total annual rainfall, as measured at rainfall stations, is
sufficient to grow most crops anywhere in the lowlands and uplands of the basin. However,
the distribution of rainfall during the growing season tends to be erratic and many years
bring serious damage from floods or droughts. Since tropical soils do not have a particularly
high water-holding capacity, especially for paddy rice, the farmers have traditionally leveled
the paddy fields and surrounded them by low bunds (embankments) in order to increase
effective rainfall by keeping the water on the field.

For the purpose of analyzing in greater detail the variability of rainfall on paddy production
in northeast Thailand, a model simulation was designed by the Mekong Secretariat (Kawai,
1974), using the data from the main provincial rainfall stations over a period of about 20
years (varying somewhat with the station) for the 15 provinces in the northeast, and taking
into account constants such as maximum flood depth (in the fields between the bunds,
determined by the height of the bund), water holding capacity of the soils, and evapo-
transpiration. The main result of this analysis is the determination of the frequency of drought
days (total and maximum continuous), a drought day being defined as a day during which
water depth and available soil moisture are zero. This shows that in the rainshadow of the
Petchabun Range, for example, the average total of drought days during the growing
season is as high as 100 (even though total rainfall was 1,200 millimeters or higher) while
the maximum number of continuous drought days during the transplanting and the flowering
periods is as high as 40 and 25 respectively.

The effect of these drought periods on paddy production can be analyzed in a time series,
since paddy growing is relatively insensitive to price fluctuations, weather being the major
variable. If adverse weather conditions are met in the early part of the growing season, the
planted area is reduced; under adverse conditions during the flowering season, the harvested
area is reduced. Drought during either of these periods will thus result in reduced rice
production, and available statistics are sufficiently accurate to allow analysis of these
phenomena.

The reduction rates were plotted against paddy yield over a period of twenty years, showing
aclear trend, but with a considerable scatter of points. This is not surprising, since available
statistics are arranged not according to physiographic units but to administrative units,
while other variables such as varieties, local differences in the cropping calendar, flood
damage, pests, and disease have not been taken into account.

The conclusion is that climate is a serious limiting factor in rice growing in many parts of the
Lower Mekong Basin and particularly in northeast Thailand. As shown above, rainfed
paddies tend to be erratic in performance; for sustained yields, they need supplemental
water amounting to 280 millimeters in an average year and 800 millimeters in a drought
year (occurring once in every ten years). The total demand in northeast Thailand for
supplemental water on irrigable paddies in drought years is about 14,000 million m*, almost
equal to the total watershed runoff in such years. The maximum water supply potential is
about 15,000 million m?, assuming it is feasible to store and distribute this amount. Of the
15,000 million m?, some 4,500 million m* was being stored in 1970, enough for use on
about 80,000 ha in the rainy season and 250,000 ha in the dry season. For diversified or
double cropping, the total demand could be as high as 41,000 million m?, including the
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14,000 million m? for rainy season paddy. The deficit of 27,000 million m? will have to
come from another source, and the only feasible source is the Mekong river.

Water Resorces: The Mekong River and Its
Tributaries

The Mekong river is the longest river in southeast Asia, crossing six countries in its 4,200
km course from its sources in the eastern part of the great plateau of Tibet to its mouths in
the South China Sea. The Mekong drains an area of about 744,000 km?, of which about
606,000 km? or about 80 percent is in the lower basin, beginning where the river leaves
China and becomes the border between Myanmar and Lao PDR. The lower basin thus
includes almost the whole of the Lao PDR (202,400 km?); the Korat Plateau, the northern
tip, and a small part of the southeast of Thailand (184,230 km?); nine-tenths of Cambodia
(154,730 km?); and the western flank and southern tip of Vietnam (65,170 km?).

Entering the lower basin, the Mekong has an average annual flow of about 90,000 million
m?’ (less than 20 percent of the annual flow at the mouth). By the time the river discharges
into the South China Sea, over 2,500 kilometers downstream, the average annual runoft
has increased to nearly 550,000 million m®. Estimates of the annual peak flow and annual
runoff at some key locations on the mainstream are given in illustration 2.

The sources of the surface flow within the basin are quite disparate, with about 70 percent
of the total flow coming from the Northern Highlands and Annamite Chain, comprising
about 50 percent of the area of the lower basin. By contrast the Korat Plateau and the
Mekong Plain, comprising 25 percent of the land area, contribute only 10 percent of the
total flow, a reflection of the lower rainfall in these areas.

The seasonal variation of Mekong flow is pronounced, with monthly average flows ranging
from 0.12 to 2.89 times the long-term mean flow. This variation generally corresponds to
the monsoon rainfall pattern except in the upper basin where snow-melt makes it more
uniform. The river begins to rise following the onset of the rains in May and attains its
maximum level in August or September for upstream stations, and in September or October
for downstream stations. It then falls rapidly until December, recedes slowly during the dry
period, and reaches its lowest level in late April.

The wide variability of annual rainfall is reflected by peak annual flows. Records covering
60 years at Vientiane indicate that the annual peak may be as high as 25,000 m%/s, in a
flood year, and as low as 11,300 m*/s in a dry year; in a “normal year”, an annual peak
flow on the order of 17,100 m¥/s is to be expected, which could be confined within the
banks of the river. Along the stretch between Vientiane and Nong Khai the river occupies
extensive floodways, 10 km wide in Thailand and 5 km wide in Lao PDR. The total
maximum overflow in these floodways for the 1966 flood was estimated at 3,700m?/s
against 21,300 m’/s moving in the main channel.

The magnitude of the annual peak flow increases progressively moving downstream to
27
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ILLUSTRATION 2: MEKONG ANNUAL PEAK FLOWS?
Station Distance Drainage Annual Annual Annual
from area above peak flow runoff suspended sediment
outlet km station km? m?/sec millions load million
m3 tons per year
Chian Sen 2,330 186,000 10,700 89,870 67.21
Luang Prabang 2,010 264,000 16,600 132,510 -
Vientiane 1,584 301,000 16,300b 144,540 109.14
Thakhek 1,216 366,000 26,100 241,530 -
Mukdahan 1,125 387,000 29,200 263,760 -
Pakse 869 540,000 39,000 301,850 132.20
Stung Treng 668 624,000 52,700 450,310 -
Kratié 545 636,000 53,0002 452,890 -
Phnom Penh 332 653,000 43.700¢ 428.530¢ 97.55 ¢
Phnom Penh 332 653,000 50,0009 512,000¢ -
Outlet Mekong + Bassac 0 744,000 44,000 ¢ 550,0009 -

Y]

National sources data consolidated by ECAFE Division of Water Resources and Mekong Secretariat
(Lower Mekong, Hydrologic Year book)

Channel effects

Channel flow only

Channel flow plus estimated overbank spill (1961)

(=N Ao

about Kratie where it reaches a peak as large as 53,00 m*/s. Below Kratie, the river
overtops its banks when rising above 7 meters MSL, so peak flows of the mainstream are
reduced. Extensive overbank flooding takes place on both banks, but the by-pass flow on
the western bank escapes towards the Great Lake. The main channel also adds its flow to
the waters of the Great Lake through the Tonle Sap during the rising flood, and the action
is reversed during the later flood recession. The Great Lake thus acts as a natural flood
retention basin without which the delta would be flooded to a greater depth, and more
frequently.

At Phnom Penh, part of the Mekong water begins to flow into the Tonle Sap sometime
between April and June and continues until its recession in October. The total inflow to the
lake from the Mekong river is about 60,000 million m*. The lake outflow during the rest of
the year is about 84,000 million m?, indicating that an additional 24,000 million m* of
water comes from the lake catchment. Just below Phnom Penh, the Mekong divides into
two branches, the westerly being the Bassac and the easterly being the continuation of the
Mekong itself.

Between Chau Doc and Long Xuyen in the Vietnamese delta, the Bassac and the Mekong
are connected by a channel (Vam Nao) through which about 40 percent of the Mekong
flow turns into the Bassac during the annual crest stage, when the flow at Long Xuyen rises
above 12,500 m®. The result is that the smaller flow of the Bassac (normally 25 percent
that of the Mekong) becomes equalized with that of the Mekong below the connecting
point. Some overland flow also escapes easterly across the Plain of Reeds and drains into
the Vaicos.

While the peak floods are quite spectacular and potentially destructive, the low flow is
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usually the limiting factor in determining the scale of development of an agriculture project
and its compatibility with existing or future developments. Based on available hydrologic
data, the lowest flow and the average annual low flow of both mainstream and selected
tributaries are indicated in illustration 3. The lowest flows on record at Chieng Saen,
Vientiane, and Kratie on the main river are 543 m?/s, 701 m*/s and 1,250 m?/s respectively,
while the average annual low flow at the same stations are 639 m%/s, 1,004 m?/s and
1,764 m’/s.

The great variation in flow between seasons and between years indicates that substantial
storage is required in the basin to provide more uniform flows for irrigation, dry-season
water supply and power generation as well as for flood control and navigation improvement.

Sediment

The sediment load of the Mekong river is somewhat lower than for other major Asian
rivers, such as the Irrawaddy, Yellow, and Yangtze. The suspended sediment load, analyzed
over a period of 12 years by an 89-station sampling network, increases from 67 million
tons at Chieng Saen to 109 at Vientiane and 132 at Pakse. After Kratie, as the river slows
down, the sediment load decreases to 97 million tons at Phnom Penh. Peak concentrations
are highest in the upper reaches of the river, averaging about 1,500 parts per million (ppm)
near the Myanmar border, but decrease to about 1,000 ppm at Pa Mong and about 500
ppm in approaching the delta. Peak sediment loads occur in August in the upper reaches,
but two or three months later in the downstream stretches. Sediment loads are at a minimum,
less than 50 ppm, in February.

ILLUSTRATION 3: LOW FLOWS IN MEKONG RIVER AND TRIBUTARIES?
River Gauging Drainage Recorded Average annual Low flow®
station area km? lowest low flow m?3/s
daily flow m?/s litres/s/km? e

Mainstream Chian Saen 189,000 543 639 3.38 1,539
Mainstream Vientiane 299,000 701 1,004 3.36 2,301
Mainstream Kratié 646,000 1,250 1,764 2.73 7.045
Nam Ngum Ban Pak Kanhoung 14,300 29 56 3.92 301
Se Bang Fai Se Bang Fai 8,560 8.2 16.5 1.93 280
Se Kong Ban Khmuon 29,600 77 192 6.49 710
Nam Chi Yasothon 43,100 1.6 4.3 0.10 129
Nam Mun Ubon 104,000 3.2 9.1 0.69 324
Stung Sen Kompong Thom 14,000 1.8 4.3 0.31 99
Dak Bla Kantum 3,056 3.8 - - -
(Upper Se San)
Ea Krong Drayling 8,880 18.2 - - -
(upper Srén Pok)

2 National sources data consolidated by ECAFE Division of Water Resources and Mekong Secretariat.

b (Lower Mekong, Hydrologic Year)
= Low flow is arbitrarily defined as 50 percent of the long-term average flow, or less.
Source: Indicative Basin Plan, Mekong Secretariat, 1970.
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It is often said that these sediments, deposited in the delta by the annual floods, perform a
vital service in adding nutrients to the Delta soils. In order to establish the relationship
between sediment deposition and soil fertility, the Mekong Committee sponsored an
investigation into the mineralogical and chemical composition of the river sediment as well
as adjacent soils in the delta (Uehara et al.,1974). Small but significant differences in
mineral and chemical composition were measured between river sediment and delta soil,
with the sediment samples higher in minerals, such as mica, hematite, kaolinite, and feldspar,
but still having an excessively high percentage of quartz. The fresh sediments contained, as
expected, a somewhat higher percentage of extractable elements, such as calcium,
magnesium, potassium and phosphorus.

Based on these data, the quantity of phosphorus, potassium, magnesium, and calcium
added to the soil each year by sediment indicates that the amounts of nutrients added to
the soil were quite small, not surprising given the low fertility of the parent materials through
which the river flows. The readily soluble nutrient annually added to a one hectare area
was estimated to be approximately 1 kg of phosphorus, 3.2 kg of potassium, 4 kg of
magnesium, and 50 kg of calcium. Even if these computed values were doubled, the
sediment deposit could not significantly increase the fertility of delta soils. This is not to
deny the importance of the fluviatile soils for agriculture, but their importance is based
more on their physical properties rather than annually-deposited soil nutrients.

Water Quality for Agriculture

Systematic sampling and analysis of the quality of water in the Mekong river was initiated
in 1972, using some 29 stations. It was found that the water quality changes very little
going downriver from Myanmar to the South China Sea. The water is low in total dissolved
solids, hardness, sodium, and chloride, with the concentration of dissolved minerals being
reduced by about one-third during the wet season as compared with the dry season. The
dissolved mineral quality is thus considered excellent for practically all agricultural, community,
and industrial purposes

Salinity Intrusion

Intrusion of saline water from the South China Sea and the Gulf of Thailand affects much
of the downstream part of the delta, especially in the dry season when the Mekong discharge
and local rainfall are reduced. Inundation by saline water occurs only on a limited land
area during high tides. Of the 3.7 million ha in the delta, about 0.5 million ha are sufficiently
affected by salt water intrusion to place limitations on agricultural development.

The salinity of the water in the various branches of the river was measured at the banks of
the sea arms during the period 1935 to 1942. A more comprehensive evaluation of delta
salinity was made under the auspices of the Mekong Committee from 1972 to 1974 by
the Netherlands Delta Development Team (NDDT) engaged in preparing a basis for a
master plan for agricultural development in the delta. The analysis used available information
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of river discharges, especially downstream from Phnom Penh, on bed configurations
(especially minimum depths of the bars at the mouths of channels, which are important
factors in estuary salinity intrusion), and on water movement by tidal action. Salinity
distribution curves were approximated for all the branches of the river, based on the monthly
averages of the results of measurements at the banks during the years 1935-1942 and on
conductivity measurements taken during 1973. The analysis according to this statistical
method yielded penetration lengths into the branches varying from 20 to 65 kilometers.

Flood Patterns

With the aid of the satellite imagery mapping program operated by the Mekong Secretariat,
a general overview of the flood and drought problem in the lowlands of the Lower Mekong
Basin was obtained. It is apparent that towards the end of the rainy season in September-
October, some 10 million ha of lowlands are covered with water at various depths of
flooding. These flooded areas include the entire Mekong delta, the lowlands around the
Great Lake, the Korat Plateau along the major rivers and streams, large parts of the
Vientiane and Se Bang Fai plains, and parts of northern Thailand.

Four variables — water velocity, rate of rise, depth and duration of the flood — act
independently relating to flood damage in different localities. Throughout two thousand
years of farming experience, rice varieties and cultivation techniques have evolved which
are capable of considerable adaptation to these variable conditions.

While much of this flooding has benefits for rice growing, it is generally unregulated, both
in timing and in quantity, so the use of the floodwaters is seldom optimal; rice production in
the flood zones remains hazardous and higher levels of production can only be reached
with flood mitigation. Complete flood control on a river the size of the Mekong is not
possible, and is probably not desirable, since flooding with neutral river water is beneficial
to many delta soils. However, considerable flood relief is locally possible through the
construction of storage dams on the tributaries, as has been shown by the Lam Pao and
Nam Pong dams for the valley of the Chi river in northeast Thailand. But the construction
of very small reservoirs, such as the tanks in northeast Thailand, of which some 150 have
been built, has little impact on flood mitigation (Kreuze, 1975).

Many of the same lands affected by floods also suffer from serious lack of water, even for
domestic use, toward the end of the dry season. In the coastal belt, much of the water is
saline, but further inland it is highly acidic. Around the Great Lake some waters contain
humic acids which become highly concentrated in the dry season. In many of the areas
flooded in northeast Thailand during the wet season, virtually no water is available during
the dry season. Thus the flood and drought syndrome occurs at various locations in the
basin in every year, although the severity and location of damage is variable.
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Conclusion

In summary, the basic problem for agricultural development in the lowlands can be simply
stated in one single concept: water management, including management of the tributaries
to the extent they can contribute and management of the mainstream Mekong for realizing
the lower basin’s full development potential.
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Chapter 3

Basin Soils and their Major Limitations

Introduction

Once flood and drought conditions are improved through water control, soil characteristics
become the major constraint for agriculture, so the Mekong program placed great emphasis
on basin soil studies. A General Soil Map and, based on the soil map, a General Land
Capability Map were prepared to a scale of 1:1,000,000 (van der Kevie, 1972). The soil
map incorporated all surveys made to date in the riparian countries and classified the soils
in the international FAO/UNESCO nomenclature. With the aid of satellite imagery from
LANDSAT II, this map was improved and modified into a Pedo-Morphological Map of
the Lower Mekong Basin (Ceruse, 1977).

While these small-scale maps tend to mask local variations, they do give an indicative
picture for preliminary agricultural planning. They are especially useful for screening of
alternative agricultural systems, both rainfed or irrigated, enabling planners to delete
alternatives which do not correspond to the suitability of the land and thus will invariably
result in failure or low return on investment.

Processes of Soil Formation

The soils of the Lower Mekong Basin are formed as a function of parent material, climate,
hydrology, and age. Vegetation, while important in the reduction of organics and to control
erosion, plays a much smaller role as a soil-forming factor in the tropics, since humus
formation is not a permanent characteristic (with a few exceptions).

Regarding composition of the parent materials, alluvials comprise about 10 percent, soils
on sandstone comprise about 80 percent, and soils on limestone and basalt comprise
about 10 percent of the total. These three groups of parent materials give rise to soils with
quite different characteristics.

The high rainfall typical of the basin causes a progressive leaching of all soil types, resulting
in nutrient-deficient podzolic soils of various degrees of acidity. Another climatic feature,
although it involves a much slower process than the leaching of soluble elements, is the
separation of silica from the sesquioxides in the clay minerals. This process, enhanced by
annual wetting and drying in the monsoonal climate whereby the sesquioxides precipitate
at a certain depth (often conditioned by the fluctuating groundwater table), is called
“laterization”. The alluvial layer of sesquioxides hardens to laterite when dry, forming a
hardpan which is impossible to cultivate by normal agricultural techniques.
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A somewhat similar process takes place in wet paddy fields caused by annual extreme
reduction (when wet) and oxidation (when dry) whereby the clay minerals tend to break
down after leaching. This process, which results in topsoils with very low cation exchange
capacities (CEC) is called “ferrolysis” (Brinkman, 1970). The cation exchange capacity
of asoil is an empirical value expressing the amount of cations, in milli-equivalents, that
100 gram of dry soil can absorb.

The CEC value is very important, not only as a measure of the inherent fertility of the soil,
but of the efficiency of fertilizer applications.

The hydrology of the plains and lowlands results in hydromorphic soils with pronounced
mottling (“gley”). However, this hydromorphy (with the exception of some very poorly
drained areas in the delta) rarely results in a humiferous topsoil, so these hydromorphic
soils are called “low-humic gley soils™.

Age is also important, since all these soil forming processes become more pronounced
and evolve over time. Many of the surfaces of the Korat Plateau and the Mekong Plain
are very old; the lateritic hardpans of the Sakhon Nakhon basin in northeast Thailand, the
Savannakhet plain in Laos, and the plains of Cambodia, probably reflect ancient
groundwater levels. In the Mekong Plain of Cambodia, particularly in the eastern part,
soils with a clay hardpan are common, forming the so-called “planosols” or “plinthitic”
soils.

Soil Types

The General Soil Map classifies the basin soils into 29 types. However, for the purpose of
the present discussion, these 29 types have been grouped into eight categories, representing
their dominant characteristics. Four of these are lowland soils (hydromorphic) and four
are upland soils (well drained).

Lowland Soils

The lowland soil groups occupy the major portion of the Korat Plateau and the Mekong
Plain, the areas with the most potential for agricultural development. These soils are primarily
hydromorphic with gley characteristics at shallow depths.

a. The Coastal Complex

The coastal complex is an expanse of land along the sea coast of the delta consisting of a
series of ancient, sandy beach lines interspersed by clay depressions. In general, the soils
of the coastal complex are clayed with a low organic matter content and high CEC. They
are usually slightly acid, though some are saline (with a pH of about 7) or alkaline (with a
pH above 8.5).



Basin Soils and their Major Limitations

Although these soils are generally fertile, salt water intrusion is the dominant feature as far
as soil and land use are concerned. The extensive saline swamps are at present not suitable
for intensive cropping, being mainly used for shrimp farming, salt production and some
coconut growing.

The soils of the high tidal flats experience only minor salinity problems. For example, tree
crops, typically having deep root systems, generally cannot be grown in these locations,
with coconuts, having fibrous roots, being a notable exception. These soils are well suited
for paddy cultivation because of their good surface runoff drainage and heavy texture.
However, several factors related to poor soil structure make them less suitable for crops
other than rice. Rice cultivation necessitates puddling of the soil, and chemical factors in
these marine soils allow the clay particles to disperse easily, causing a surface crust to
develop. Further, high temperatures during the dry season cause destruction of most of the
organic matter. Thus these soils are poorly aerated and have a low permeability, and
drainage must be improved if crops other than rice are to be grown.

A small area of the coastal complex is occupied by light-textured soils on old beaches.
These sand ridges are low in organic matter and CEC and are moderately acid. In general,
their fertility is low, but these soils are well suited for dry-foot crops (that is, crops other
than paddy rice) because of their good aeration and drainage conditions. Their low water-
holding capacity makes these soils very sensitive to drought. At present, the higher sand
ridges serve as settlement areas with gardens on which various crops are grown, including
fruit trees, though for deep-rooting crops salinity damage may occur due to capillary rise.

The low tidal flats generally have soils which become saline during the dry season, so
accumulated salts must be washed away (some 100 to 150 mm of rainfall may be required)
before rice can be planted. High bunds are also required to prevent salt water intrusion
during high tides. The low tidal flats in the southwestern part of the coasts complex are wet
throughout the year, with a rather abundant weed growth during the dry season. Salinity
problems here are less severe than elsewhere in the coastal complex due to a very high
rainfall and a relatively short dry season.

In the western part of the coastal zone, peat layers have developed from 40 to over 200
cm thick. Little information is available about this area and consequently the agricultural
potential is largely unknown.

b. Delta Lands

These soils are clayey with varying organic content, depending on past and present drainage
conditions. The clays have been deposited under special conditions, including regular
inundation by brackish water, presence of mobile iron, a slow sedimentation rate, a dense
vegetation with a fibrous root system producing large amounts of organic matter, and
prevailing lack of free oxygen (NDDT, 1974). Under these conditions, sulfates in the
brackish water are reduced to sulfides by bacterial activity. The sulfides accumulate in the
clay sediment over a depth which probably exceeds several meters in most areas. When
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the soil dries, the chemical processes are reversed and sulfates are released which makes
the soil strongly acid.

Active oxidation of sulfides occurs roughly between the highest and lowest groundwater
levels, forming various acidic iron sulfate compounds, notably lemon-yellow mottles of the
mineral “jarosite”. These acid compounds will react with the clay minerals in the soil,
thereby releasing aluminum which is toxic to the crops. At present, the very acid soils with
ajarosite layer within 50 centimeters of the surface are not usually cultivated, but soils with
ajarosite layer at depths between 50 and 120 centimeters are typically under rice cultivation.

Paddy is the most suitable crop for sulfide soils because the topsoil loses its acidity after
about 2 weeks of water saturation, due to chemical reduction processes. The main hazard
occurs when droughts cause drying of the soil and sulfates are formed as a result of oxidation;
the pH may drop to below 4 or even 3 at these times.

The hazard of soil acidification has been the key factor in determining the agricultural
potential of these delta soils. Under irrigation, acidification can be minimized or even
prevented by using neutral irrigation water and by maintaining a high groundwater table
during the dry season (for example, by growing a second rice crop which is not harvested
before mid-March). According to the Delta Team Report (NDDT, 1974), reclamation
should begin near the main rivers and proceed gradually away from the rivers to guarantee
irrigation water of good quality and to prevent acidification of floodwater. Careful liming
will also be necessary to reduce residual acidity.

c. Flood Plains

The soils of the riverine plains are mostly clayey except for small areas occupied by river
levees. These plains are formed from flood-deposited sediments and because of their
recent origin, their soils are mostly undifferentiated, with only the A-horizon distinctly
developed (through accumulation of some organic matter). The clayey soils of this type
may be somewhat more suitable for dry-foot crops than the marine clays because of their
better physical properties. The hazards of salinization of alkalinization do not exist (except
for some minor areas).

In general, the levee soils have a low organic content, medium-high CEC, and a slightly
acid to neutral pH. While they are currently only moderately fertile, they have high potential
with good water and soil management. They are well-suited for dry foot crops including
fruit trees, though flood conditions are a limiting factor.

The soils of the backswamps are low in organic matter, have a high CEC, and are slightly
too moderately acid. Most are moderately fertile, but have high potentials with improved
management. They are well suited for paddy cultivation unless flood conditions interfere.

Around the Great Lake, floods normally rise more smoothly, allowing the cultivation of
transplanted or floating rice, depending on the depth of the flooding, although in some
areas flash floods may occur. Damage from flash floods can be greatly reduced by regulation
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of tributaries. In general, the flood plains will have a much higher potential for agriculture
once flooding is brought under control.

d. Groundwater Complex

These soils are characterized by a fluctuating groundwater table which rises to or near the
surface in the wet season. The typical groundwater soil is a silt loam with low clay content
in the surface horizon, the clay content increasing with depth. When used for paddy
cultivation, a dense ploughpan usually develops. The organic matter content is low to very
low and the pH and CEC are low. Under conditions of alternating reduction and oxidation
of iron, a large part of the clay minerals have been destroyed in these paddy soils. This
accounts for the low clay content in the topsoil and the very low CEC of the clay fraction
in the topsoil (Brinkman, 1970).

Aluminum is released with the decomposition of clay minerals and becomes exchangeable
on the absorption complex. Being a trivalent cation, aluminum is, under non-saline
conditions, usually absorbed on the clay-humus complex, leaving a very low aluminum
concentration in the soil moisture solution. However, with heavy fertilizer applications
aluminum may be exchanged by cations from the fertilizer sufficiently to become toxic to
young plants. Under continuous reduced conditions aluminum will precipitate, so that when
heavy fertilizer dressings are required, they should be applied about two weeks before
transplanting.

In the case of acid soils, which occur in northeast Thailand, free aluminum will replace
other cations on the clay complex as soon as the soil moisture solution is diluted. Rice
should be transplanted after two weeks of inundation or lime should be applied, though
over-liming should be avoided because of the low buffering capacity of the soil (Brinkman
and Dieleman, 1977).

In northeast Thailand and the Vientiane Plain, the groundwater areas occupied by this
complex contain some salts, especially sodium chloride, which may cause salinity problems
under certain hydrological circumstances, as in areas which are not annually flooded during
the wet season. The salts originate from residual salinity of certain geological formations,
accumulating during the dry season through capillary rise and evaporation of groundwater
(Takaya, 1974). These saline areas can be found on slightly higher spots surrounded by
paddy soils and on transitional soils between low and higher levels, which occur in northeast
Thailand, particularly in the Mun-Chi Basin. Reclamation of saline soils should include
leaching with improvement of the drainage conditions.

Soils of the groundwater complex originate mostly from pre-weathered acidic rock, with
the soils of the Battambang Plain (which originate from basic rock) as the main exception.
Normally a texture-B horizon has developed here, but processes like those described for
the other paddy soils of the groundwater complex do not take place. These are fairly
productive soils, well suited for paddy and possibly for upland crops when drainage is
improved and the crop is protected against flash floods.
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Upland Soils

The upland soils have a groundwater table deep below the surface, even in the wet season,
although some transitional areas resemble the soils of the groundwater complex. In northeast
Thailand the lands of these transitional areas are in bunded rice fields, but they are very
drought-susceptible and of low productivity.

a. Podzolic Soils

These are well drained, in low to very low clay and very low organic content when cultivated.
They also have alow CEC and low to very low water holding capacity. They are marginally
suited for annual upland crops, with the exception of kenaf and cassava, which can be
grown for several years until soil nutrients are exhausted. However, with modern management
and fertilizers many of these podzolic soils would be capable of sustained agriculture.
Typical for the lower phase of the podzolic soils is the abundance of termite mounds.

b. Red and Black Soils (Derived from Plateau Basalts and Limestones)

The red and black soils form a special group among the upland soils. While the group has
wide variation, these soils are by far the best for upland rainfed agriculture, both for annual
and perennial crops. In the higher rainfall areas at lower latitudes in Cambodia and Vietnam,
rubber is the dominant crop. At higher latitudes, such as in northeast Thailand, the main
cash crops are corn (maize) and cotton. In northern Thailand and northern Laos, opium is
grown on these soils. In all cases, the red and black soils are capable of sustaining a
variety of diversified farm systems under rainfed conditions.

c. Lateritic Soils

Lateritics, which occur on the Korat Plateau and in the Mekong plain, can be considered
to be fossil groundwater soils with an oxidized and hardened laterite at shallow depth.
They are generally not suited for field crops, but grasslands could be quite productive.

d. Mountain Soils

These are undifferentiated, since pedological surveys in the Lower Mekong Basin have
usually been confined to the plains. Satellite imagery does not provide sufficient information
to identify mountain soils, even on small-scale maps. However, the mountain soils are
generally freshly weathered from the underlying rocks and therefore their characteristics
reflect the geology. Geological maps can thus give an impression of the soil types, suggesting
that the vast majority of the mountain soils are shallow, were derived from sandstones and
acid igneous rocks, and have a limited potential for agriculture, even for shifting cultivation.
Their carrying capacity for growing livestock is also low; but a few of these soils are
favorable for growing a wide variety of high value crops, favored by special micro-climatic
conditions, including fruits, vegetables, herbs and spices, and insecticidal plants.



Basin Soils and their Major Limitations

Conclusion

The soils of the Lower Mekong Basin have many important limitations for agriculture,
typically including low organic content, high acidity, saline intrusion, and periodic damage
from floods and drought. Mitigation of these constraints is one of the key objectives of the
agricultural development efforts of the Mekong program.
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Chapter 4

The Natural Vegetation

Introduction

Previous chapters have discussed geology, climates water regime, and soils, which leads
to the floristic expression of these parameters: the natural vegetation. This chapter first
describes the natural types of evergreen and deciduous forests, leading into a discussion
of forests as a resource and showing that forests have played a key role in the socio-
economic history of the Lower Mekong Basin. The basin forests are now seriously
threatened by over-utilization, especially in Thailand.

Definition of Natural Vegetation

In the minds of many, “natural vegetation means “‘virgin forest” where human influence is
slight or lacking. However, such vegetation probably no longer exists in significant amounts
anywhere in the basin. Due to the long-term activities of swidden agriculturalists (who
have been working the basin forests for hundreds of generations), most forests in southeast
Asia have been cleared at some time in history, and most have been cleared many times.
No country in southeast Asia appears exempt from extensive modification of'its forest by
man and fire, from low alluvial plains with densely populated wet-rice areas to high altitudes
in mountainous tracts (Wharton, 1968). “Even in the mountains of Laos there are few
areas of forest that have not been partially cleared for shifting cultivation at some former
time” (Talbot, 1973). Spencer (1966) concludes “Most of the mature forests of the Orient
today are not virgin in the proper sense, but merely old forests that have reached a fairly
stable equilibrium of ecological succession after some early clearing by human means”.

Perhaps “natural vegetation” can be best defined as any non-agricultural vegetation, with
“climax vegetation” being the idealized mature forest (or grassland in some seasonally
inundated areas) that would occur if human influence were eliminated.

Forest Types

Natural vegetation can be divided into two major groups, forests and grasslands. The
basin forests can be further divided into two main groups, evergreen and deciduous, though
it should be remembered that these are not exclusive; an evergreen forest may have many
species typical of deciduous forests and a deciduous forest may have some evergreen
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trees, especially in the understory. Each of the major groups is further divided into types,
with evergreen types including Tropical Rainforest, Hill Evergreen Forest, Coniferous Forest,
Fresh-Water Swamp Forest, and Mangrove Forest. The main deciduous types are
Deciduous Monsoon Forest and Dry Dipterocarp Forest. In addition, early successional
stages of fire climaxes may contain trees as a minor factor.

Tropical Rainforest

The tropical rainforest of southeast Asia is the most complex terrestrial ecosystem known
to science, with an amazing diversity of plants and animals. Rainforest occurs from sea
level up to 1,000 meters in areas which have an annual rainfall of at least 2,000 mm, fairly
evenly distributed throughout the year. A drier sub-type is found in areas with a seasonally
dry climate but with high rainfall during the rainy periods. Rainforests are formed on a wide
variety of soils, but are especially common on red-yellow podzolics (“‘Orthic Acrisols™).
These heavily leached, acidic tropical soils are notoriously infertile, since most nutrients
are contained in living vegetation and decomposers. A luxuriant tropical forest can grow
on almost sterile soil and attempts to grow crops on such soil inevitably exhaust the residual
fertility very quickly.

The foliage of tropical rainforest typically forms four major layers: (i) a ground flora of
sparse low-growing herbs, shrubs, and ferns, with grasses occurring mostly along streams
or in temporary forest clearings; (ii) a relatively open layer just above the ground, formed
of shrubs and young trees; (iii) an almost continuous middle canopy of tree crowns at 20-
25 meters above the forest floor; and (iv) an upper canopy of relatively isolated emergent
trees (many of which may be deciduous) rising to 50-60 meters. Vines, strangling figs, and
epiphytes are prominent. Typical tree species include Streblus zeylanica, Hydnocarpus
illicifolius, Shorea vulgaris, Dipterocarpus costatus, Diospyros spp., and Hopea
recopei. In mature condition, these forests have a maximum total biomass of about 350
tons/ha, with an annual net growth rate of about 2.5 percent.

In Thailand, tropical evergreen forests are best developed in the far southeast, but a drier
sub-type is found along the Dangrek range to Khao Yai and in patches from Khao Yai
north to Loei. In Lao PDR, these forests occur in the wet areas of the Annamites, with one
of the last great reserves in continental southeast Asia found in the Se Kong Valley bordering
the Bolovens Plateau. Patches of evergreen forest are found in places along the Mekong.
In Cambodia, rainforest grows in the Southern Uplands in the south and along the Annamite
Chain in the east, comprising about 30 percent of the forested area of the country. In
Vietnam, evergreen forest is found in parts of the Mekong Plain, stretching into the Annamites;
these forests have suffered greatly from defoliation and, in the hilly areas, from swidden
agriculture.

Hill Evergreen Forest

Hill Evergreen Forest occurs above 1,000 meters (1,200 meters in the southern Annamites),
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in areas where annual rainfall exceeds 2,000 millimeters and is fairly evenly distributed
throughout the year. The canopy is typically lower than in tropical rainforests, often forming
just 2 layers; mosses, ferns, and epiphytes are very common in these moist cool forests.
The total biomass is much less than in tropical evergreen forests, amounting to no more
than 230 tons/ha. Typical trees include Schima, Engelhardia spicata, Michelia
champaca, Quercus, and Castanopsis.

Hill Evergreen Forest occurs in Thailand on the upper elevations of Khao Soi Dao, in the
upper elevations of the Petchabun range, and in the upper parts of Chiengrai. It is widespread
in the higher elevations of northern Laos (though much of it has been replaced by grasslands
following soil exhaustion by maize and opium growing hill tribes). Cambodia has small
sections of Hill Evergreen Forest in the Southern Uplands and the Annamite chain. In
Vietnam this forest type is found only in the Annamite chain, where it has been greatly
disturbed by swidden agriculture.

Coniferous Forest

Coniferous Forest is typically found in a few restricted areas on sandy soils at elevations of
600-1400 meters, though a few outcrops are found in the plains and along sea coasts. The
conifers are often found in open stands with few other tree species (as at Phu Kradeung in
Thialand's Petchabun Range), but in other places they are found in denser mixed stands
(asatNam Nao, also in the Petchabun Range). The undergrowth is usually grass, indicating
the effect of fire. Southeast Asian coniferous forests consist mostly of Pinus merkusii and
P. khesya. When found with other trees these are usually Quercus, Castanopsis, and
Irvingia malayana. Conifers may mix with Dry Dipterocarp forests on dry lateritic soils.

In Thailand, Coniferous Forest is also found in Khon Kaen, and in small areas of Sisaket,
Surin, and Ubon, as well as in a few areas of Chiengrai. In Laos, Coniferous Forest is
reported to cover perhaps 300,000 ha (Turbang, 1973). Much of the Plain of Jars was
covered in pine, although most pine forests have been destroyed by the recurrent battles
that have raged across the plain. In Cambodia, Coniferous Forest covers only 18,000 ha,
mostly on the Kirirom plateau with pockets in the Cardamom mountains and on the plains
of Pursat and Kompong Thom. In Vietnam, pines cover about 120,000 ha in the upper
Sre Pok watershed, but they have been seriously damaged by war; a small area of Pinus
kempfii (dalatensis) occurs at about 2,000 meters in the Chen Yang Si mountains (Singh,
1972).

Mangrove Forest

Mangrove Forest occurs in the basin only in the Mekong Delta, covering 2,800 km?.
Mangroves occur in the zone between the neap tides and the spring tides, where the soil is
formed of silt from the land and sand from the sea. The flora consists of relatively few
species (seldom more than about 30-40), dominated by Avicennia, Brugeria, Rhizophora,
Nipa, and Melaleuca (in sequence from the sea to the land, reflecting salt-water tolerance).
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Mangroves are considered to be very important ecological resources, as breeding grounds
for crabs, shrimp, and many species of fish, but perhaps equally important is their role in
claiming land from the seaward edge of the delta. The mangrove trees both retard erosion
from the ocean (of vital significance in a typhoon area), and build up soil around their
unique air-breathing root systems. As the forest advances toward the sea, the landward
margin becomes progressively higher and drier and the forest tends to merge with the
adjacent dry-land forest. This land eventually becomes suitable for rice cultivation and
other agricultural uses. Unfortunately, the mangroves have been particularly susceptible to
herbicides, with about half their area destroyed. Five years after defoliation, these mangroves
are not yet regrowing, dramatically demonstrating that an intensive reafforestation scheme
is required.

Fresh-Water Swamp Forest

Fresh-Water Swamp Forest is found mostly in Cambodia, along the edges of the Great
Lake and along certain banks of the Mekong, totaling about 680,000 ha (in 1960).
Dominated by Homalium brevidans and Hydnocarpus anthelmintica, this forest type
is considered vital to the continued productivity of the Great Lake. The recent clearing of
much of'this forest has led to increasing siltation, thus threatening the very existence of the
lake (which is less than 1 meter deep during the dry season). During the rainy season,
when the lake quadruples in size, the swamp forest serves as the spawning ground for
many species of fish, so the loss of this forest will also result in a reduction of the fish
populations (Bardach, 1960).

Deciduous Monsoon Forest

Deciduous Monsoon Forest receives 1,250 to 2,000 mm of rain annually) and has wel1-
pronounced wet and dry seasons. It is generally confined to elevations below 1,000 meters.
It is formed on well-drained lateritic soils, including Ferric Acrisols, Gleyic acrisols, and
Ferralic Cambisols. In comparison with the evergreen forests, much more light reaches
the forest floor and the undergrowth is much denser. The annual net growth is about 2
percent, with the total above ground biomass about 70-80 tons/ha. During the rainy season,
movement through these forests is difficult and visibility is low, but during the dry season
much of the undergrowth is burned off to be replaced by new grasses springing from the
protected underground rhizomes. Most of the trees lose their leaves during the dry season,
including the dominant species such as Dipterocarpus alatus, Shorea obtusa, and Hopea
odorata. Of outstanding economic significance in some mixed deciduous forests is the
presence of teak (Tectona grandis).

In Thailand, Deciduous Monsoon Forest occurs around Aranyaprathet, in part of the
Dangrek range, along the Lao border in Ubon, throughout the hilly regions of Sakhon
Nakhon, along the Petchabun range, and in much of Chiengrai. In the recent past, it was
much more widespread throughout northeastern Thailand, but this forest type has been
greatly reduced in favor of growing cash-crops such as cassava, sugar cane, and maize. In
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Laos, this forest type is found in the south around Pakse and in much of the area from
Vientiane to the Burmese border below 1,000 meters (these are good teak- producing
forests). In Cambodia, it is widespread in the north, covering about 40 percent of the
forested land of the country (including Dry Dipterocarp Forest). In Vietnam, it occurs in
the southern-most part of the Annamite chain, where the hills are low and rolling.

Dry Dipterocarp Forest

Dry Dipterocarp Forest (also called “Savanna Forest™) replaces Deciduous Monsoon as
the annual rainfall drops below 1,250 mm and the dry season lengthens to 6 months (arid
months total 8.5 in some places in northeastern Thailand). Soils are typically dry and
shallow, lacking humus. These forests are more open than the Deciduous Monsoon Forests
with more grass and bamboo undergrowth; most are burned annually. With continued
burning, large areas of Dry Dipterocarp Forest have become grasslands with only scattered
trees and groves along the watercourses. Typical tree species include Shorea obtusa,
Dipterocarpus obtusifolius, D. tuberculatus, and Pentacme siamensis. Annual net growth
is about 1.5 percent, with biomass no more than 65 tons/ha and often considerably less.

In Thailand, this type of forest is found in much of the northeast, especially in Chaiyaphum
and Nakhon Ratchasima. In Laos, Cambodia, and Vietnam, it occurs in the driest areas
among the Deciduous Monsoon Forests. “Bamboo Forest™ is often considered a separate
forest type in the deciduous forests, but bamboo is a successional stage which is usually
caused by fire. Allowed to mature, bamboo forest will usually develop into Deciduous
Monsoon or Dry Dipterocarp Forest, though in wetter areas it may eventually develop
into Tropical Evergreen Forest.

Savannas and Grasslands

Whitmore (1975) has shown that it is most probable that all tropical grasslands, with the
obvious exception of those found on some more or less permanently swampy sites, are
entirely derived from woodlands or forests as a result of long-continued burning by fires
started by man or lightning and that there is no such thing as a tropical grassland climate.
This thesis is strongly supported by Whyte (1972), who suggests that no less than 80
percent of the grasses now recorded for Malaya come from human introductions.

While the drier parts of monsoonal Asia may have been richer in native grass species, the
clearing of forests in the Mekong basin has resulted in considerable immigration of grass
species from outside the basin. The replacement of forest by Imperata grasslands is one
obvious manifestation of this phenomenon. The relative paucity of natural grasslands (except
in the seasonally submerged areas) suggests that the edible grasses, which provide the
main food for grazing animals, will prosper only where appropriate growing conditions are
maintained by people (often through the use of fire).
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Forests as a Resource

The great diversity of forest types and of tree species within each forest type has played a
vital role in human economies in the basin for thousands of years. They have provided
food, fuel, construction materials, medicines, resins, gums, pesticides, and supporting
wildlife. Modern urban populations remain dependent on the forests for construction timber,
fuel, and paper, with wildlife and forest plants and products somewhat reduced in
importance.

Consumption of wood in the basin is difficult to quantify, since many of the statistics seem
unreliable. For example, FAO (1975) reports that per capita consumption of firewood
and charcoal in Thailand is 0.37m? per year, while Backer and Openshaw (1972), who
carried out considerable fieldwork in Thailand, concluded that per capita consumption of
fuel wood and charcoal was actually 1.23m? per year (totaling 49 million m?® in 1970).
Given the level of reliability of the available statistics, the values cited should be taken as
indicators of the dimensions of the problem rather than precise figures. In general, it is
believed that per capita consumption in the lower basin of roundwood, sawlogs, sawnwood,
fuelwood, and charcoal averages from 1 to 2m?*/year.

ILLUSTRATION 4:
POTENTIALFOREST PRODUCTION AND TOTALREQUIREMENTS OFWOOD
AND WOOD PRODUCTS (from FAQO, 1976)
Station Operable Average Annual Total Total
forest growing growth potential | requirements
area station km? | increment | production (106m>)
(m>/ha) (m*/ha) (106m°)

Thailand 10.0 41 0.82 82 40-80
Cambodia 9.0 77 1.54 13.8 7-14
LaoPDR 6.0 80 1.60 9.6 3-6
S. Vietnam * 29 80 1.60 46 19-38

* South Vietnam only (data not available for North Vietnam)

[Mlustration 4 presents information on the operable forest area, average growing stock,
annual growth increment (calculated at 2 percent of the average growing stock), and total
potential production for the riparian countries. The last column lists total requirements
which can then be compared with total potential production.

It appears that potential production is in balance with requirements in Cambodia and
production is well in excess of requirements in Lao PDR; but requirements are 5-10 times
production in Thailand and 4 to 8 times production in Vietnam. Moreover, the projections
for the future indicate an even more serious problem, since population is increasing and the
area of operable forest is being reduced by 5 to 10 percent per year. Clearly, the forest
resources of the basin area being over-utilized, and this is resulting in an essentially permanent
depletion of the resource.
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While wood is the most important forest product, many other products are of considerable
significance, including bamboo (as food, construction material, pulp, and a wide variety of
other local uses), rattan, mushrooms, many commercial species of orchids and other
ornamentals, tannin for tanning hides, lacquer (Rhus spp.), resins (from Hopea, Shorea,
Dipterocarpus, and other dipterocarps), lac (a resin excreted by a scale insect, Laccifer
lacca, vsed to make shellac), and a wide range of antibiotics and other medicines.

Many plants which are currently cultivated in the basin have wild ancestors in the forests.
When crossbred with domestic varieties, the new breeds may be more productive than
currently cultivated breeds since they are more likely to have genetic resistance to the
various indigenous insects and other pathogens which plague agricultural areas. Cultivated
plants in the basin that have wild relatives in natural forests include durian, mango, banana,
jackfruit, mangosteen, 1angsat, rambuttan, coconut, sugarcane, pomelo, pomegranate,
taro, tamarind, bel-fruit, “sataw” (Parkia sp.), breadfruit, carambo1a, champedak, hog
plum, lesser yam, pigeon pea, cotton (Gossypium spp.), tea, cucumber, ginger, anise,
cassia, cinnamon, betel-nut, black pepper, cardamon, tumeric, kenaf, and many others.
These plants provide some of the basic raw materials with which plant breeders and
geneticists can create new varieties suitable for local conditions.

Tropical plants are in constant competition with leaf-eating and boring insects, defending
themselves with a wide range of chemical defense mechanisms, many of which are of
direct importance to man. Rotenone, which kills ticks, fleas, lice, beetles, corn borers,
aphids, mosquitoes, cockroaches, and house-flies without hazard to the human or domestic
animal consumer and without residue tolerance problems, comes from several plants found
in the basin, including Derris elliptica and D. malaccensis, Pyrethrum (from
Chrysanthemum) is another important pesticide which has been widely used and grown
in the basin, possibly for thousands of years. Although insect pests are likely to be
increasingly controlled in the future by biological means (for example, use of hormonal
substances applied to upset the life cycle of the target species) and by diversification of
crops to avoid the vulnerability of monoculture, when a serious insect outbreak does
occur, an insecticide is needed. Because most synthetic chemical insecticides have many
deleterious side effects and their general application is not recommended, the botanical
pesticides like rotenone and pyrethrum are in many situations much more suitable for
agricultural use. Many additional botanical products found in basin forests are useful as
synergists, emulsifiers, adhesives, and stabilizers in insecticides, and future research in the
basin will undoubtedly reveal other useful botanical pesticides as well.

Besides the direct consumption of forest products, the forests have indirect resource values
as well. Forests are particularly important as protection for watersheds, and this aspect of
forests in the Mekong basin has been treated in some detail by Singh (1972). He pointed
out that adequate forest cover can increase productivity of the land, mitigate floods and
drought, increase rainfall, conserve soil, and protect reservoirs and irrigation systems from
siltation (although few quantitative data are available to date on these points). With the
rapid clearing of forests in recent times, flood hazards have increased; many tributary
streambeds have been degraded and considerable erosion affects the geologically recent
deposits on plains below foothills (Battambang, Vientiane plains).
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Several other indirect values deserve mentioning. A period of forest fallow can return
fertility to the soil under shifting cultivation, an essential ingredient of swidden farming (see
Chapter 8). Forests also provide the best habitat for many forms of wildlife, ultimately
supplying protein to people living in and near the forests. Finally, forests have considerable
scenic value for tourism, forming the basis of a potentially outstanding system of protected
areas (see Chapter 6).

In the long run, forests are capable of playing an even more important role in maintaining
the basin civilizations. As the non-renewable resources of coal and oil decline, organic
production will grow in production. Wood will remain valuable as a versatile raw material,
and more species will have economic value. Forests can also be expected to become a
major source of raw materials for the new biochemical technology which can be expected
to develop to replace oil and coal as sources of complex molecules for food and
manufacturing (Whitmore, 1975). Already, edible protein can be extracted from leaves,
and lignin is being used to manufacture plastics, ion-exchange resins, vanillin, tanning agents,
stabilizers for asphalt emulsions, as dispersants for oil-well drilling, and for ceramics
processing. Cellulose can be utilized for rayon and plastics and as a raw material for
hydrolysis to sugar. Complex organic molecules such as steroids are conveniently obtained
from plant sources. While the technology exists to synthesize complex organic molecules
from simple inorganic ones, this involves the expenditure of enormous quantities of energy
which often still comes from non-renewable sources. It thus seems wise to utilize plants to
perform the initial reduction of carbon dioxide by using solar energy and to restrict human
intervention to manipulating plant products.

Conclusion

The basin forests are essential natural resource systems, with many direct applications to
agricultural problems. More important, the forests are a renewable resource, which, with
proper management, can give sustained yields for the indefinite future. Over-exploitation
and lack of management have reduced the productivity of the basin forests, and growing
stock per unit area and mean annual increment have both dropped to relatively very low
levels. The forests of Southeast Asia are being exploited at the fastest rate in history, and
at arate far beyond the natural ability of the forests to replenish themselves. Much forested
land is being turned into low-productivity grasslands which are permanent in timescales
relevant to land-use planning. Productivity of the forests can now be raised only through
intensive management of remaining natural forests and establishment of forest plantations
to meet the future requirements for forest products in the basin.






52



Chapter 5
The Native Fauna

Introduction

Previous chapters have shown that the Lower Mekong Basin has a wide variety of
geological formations, moisture regimes, soil types, and vegetation. These factors contribute
to a very rich fauna, both on the land and in the water. Studies supported by the Mekong
Secretariat (McNeely, 1975; Mekong Basin Fisheries Study, 1976) have reported at
least 212 species of mammals, 696 species of birds, 213 species of reptiles and amphibians,
and 800 species of fish (including some saltwater species which enter the basin seasonally).
More complete information can be found in the reports mentioned above; here we will
briefly describe the fauna and discuss its relevance to agriculture and food production.

Land Animals

The terrestrial mammals include 21 species of insectivores, 66 species of bats, 15 species
of primates, 51 species of rodents, 34 species of carnivores, 16 species of grazing animals,
one hare, one flying lemur, and 2 species of pangolins. Ten of these are endemic (occurring
only within the Mekong basin) (Illustration 5) and 14 are considered rare and endangered
by IUCN (Illustration 6).

The basin birds include 71 families and 305 genera, with over 500 species resident and
another 160 as winter migrants. About 30 species are resident at low densities but are
joined by migrants during the winter. Among the more prominent groups are hawks (35
species), pheasants (17 species), ducks (14 species), owls (18 species), woodpeckers
(23 species), babblers (67 species), flycatchers (34 species), and warblers (54 species).
Species endemic to the Mekong basin include the Chestnut-headed Partridge, Imperial
Pheasant, Germain’s Peacock-Pheasant, Red-vented Barbet, Bar-bellied Pitta, Yellow-
billed Nuthatch, Short-tailed Scimitar Babbler, Sooty Babbler, Gray-faced Tit-Babbler,
Collared Laughing Thrush, White-checked Laughing Thrush, and Gray-crowned Crocias.

Generally, faunal diversity closely follows floral diversity, so the most diverse wildlife is
found in the evergreen forests and the least diversity is found in agricultural areas. Since
wildlife is most common in the non-agricultural areas, it is broadly complementary to
watershed protection. However, selective forestry and even some limited clear-cutting is
seldom detrimental to wildlife as a whole and may even be beneficial, since the new
secondary growth is often more productive for the larger grazing animals. Generally, the
southern Uplands, Northern Highlands, and Annamite Chain have the most wildlife. The
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ILLUSTRATIONS:
MAMMALS ENDEMIC TO THE LOWER MEKONG BASIN

Species Distribution
Northern Smooth-Tailed Treeshrew SE Thailand, Cambodia, southern Vietnam
(Dendrogale murina)
Marshall’s Horseshoe Bat SE Thailand
(Rhinolophus marshalli)
Bourret’s Horseshoe Bat NE Thailand, northern Vietnam
(Rhinolophus paradoxolophus)
Lesser Slow Loris Annamite Chain
(Nycticebus pygmaeus)
Douc Langur Annamite Chain
(Pygathrix nemaeus)
Francois Langur N. Laos, N. Vietnam (Annamites)
(Presbytis francoisi)
Pileated Gibbon West of Mekong, S. of Pakse, SE Thailand
(Hylobates pileatus)
Lao marmoset Rat Annamite Chain

(Hapalomys delacouri)

Owston’s Civet Laos, N. Vietnam (Annamites)
(Chrotogale owstoni)
Kouprey Southern Laos, N. Cambodia, small part of NE
(Bos sauveli) Thailand
ILLUSTRATION 6:

IUCN ENDANGERED SPECIES OF MAMMALS IN THE MEKONG BASIN

Species Distribution
Douc Langur (Pygathrix nemaeus) Laos-Vietnam
Pileated Gibbon (Hylobates pileatus) Kampuchea, SE Thailand
Asiatic Wild Dog (Cuon alpinus) Basinwide
Clouded Leopard (Neofelis nebulosa) Basinwide
Tiger (Panthera tigris) Basinwide
Leopard (Panthera pardus) Basinwide
Asian Elephant (Elephus maximus) Basinwide
Javan Rhinoceros (Rhinoceros sondaicus) Basinwide
Sumatran Rhinoceros (Dicerorhinus sumatrensis) Basinwide
Brow-antlered Deer (Cervus eldi) Basinwide
Wild Water Buffalo (Bubalus bubalis) Cambodia, S. Laos
Gaur (bos gaurus) Basinwide
Banteng (Bos javanicus) Basinwide except N. Laos
Kouprey (Bos sauveli) S. Laos, N. Cambodia, NE Thailand

Note: “Basinwide” species are found in small numbers in widely scattered localities in all riparian
countries; however, the total population of the two species of rhinoceros totals no more than 10-15,
and some of the listed species may no longer occur in the basin.
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Annamites are particularly important as a centre of endemism; of 11 endemic birds, 9
occur only in the Annamites, and of 10 endemic mammals, 5 are found only in the Annamites.
In the Mekong Plain and the Korat Plateau, by contrast, the wildlife is mostly confined to
the uplands and thinly populated areas such as northern and eastern Cambodia.

Wildlife as a Resource

Wildlife contributes to the well-being of basin residents in many ways, including direct
consumption as food, sale of live animals, skins, horns, and ivory, production of phosphate
fertilizer (bat guano), controlling insect and rodent populations, and as a genetic reservoir.
Virtually all of the 4 to 5 million indigenous people living in the basin are upland farmers
who obtain much of their protein from wild game. In the Korat Plateau and much of
northern Cambodia and southern Lao PDR, farming is possible only during a limited period
of the rainy season. During the dry season, the villagers become hunters and gatherers like
their ancient ancestors, collecting forest fruits, vegetables, and mushrooms, and hunting
birds, reptiles, amphibians, small mammals, and (in the remote uplands) large mammals.

The existing and proposed Mekong river water resource development projects serve to
greatly increase the surface area of water, offering great potential for improving habitat
conditions for aquatic birds, including ducks (14 species), grebes, pelicans, cormorants (4
species), herons and egrets (16 species), finfoots, rails, gulls and terns (12 species), jacanas,
wading birds (about 37 species), and many others. Provided management measures could
be enforced, these birds could provide the basis for greatly increased production of protein
in the tributary and mainstream reservoirs. The even-toed ungulates, including pigs, deer,
and wild cattle, include most of the game species which have potential for controlled
hunting, harvesting, and captive breeding. In optimal habitats, the biomass of such game
animals may average as much as 4,000 kg/km?, with as much as 10,000 kg/km? in certain
localized habitats (especially alluvial grasslands). In competition with domestic animals,
these densities will invariably be lower; however, it should be emphasized that the wild
ungulates often feed on different plants or different vegetative stages than do domestic
animals and they are seldom dietary competitors to the extent where one excludes the
other (except where stocking density of domestic forms is extremely high). Thus a
combination of wild and domestic ungulates can, in many situations, be more productive
than either one alone.

Deer especially have a high potential for captive breeding or semi-domestication. They
utilize habitat in a manner which is often complementary to that of cattle, and they produce
high quality meat (worth 30-60 percent more on the local market than that of domestic
cattle). Some species are able to live in close proximity with man; they are hardy and
resistant to many cattle diseases; and the male annually produces antler velvet of a value
equal to 2-3 times its own market value as meat (Tan, 1968). Tan estimates that in Vietnam,
one buck can earn for the farmer an income double or triple that of a bovid, with the same
expense.

The four species of wild cattle in the basin are closely related to the domestic forms and
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may compete with them for fodder where large numbers of domestic animals are grazed in
the forests. In such situations, disease transmission is a real danger, especially from the
domestic form to the wild form. Conversely, the wild bovids have much to contribute to
future cattle breeds if they can maintain their genetic distinctiveness. Cross-breeds between
wild tropical cattle and domestic breeds from Europe, the United States, or Australia
might be more productive in tropical conditions.

The gaur, banteng, and kouprey (the last large mammal to be discovered by science) are
in the same genus Bos with domestic cattle. All three species have a long and intimate
relationship with fire, which burns old grass and brings up tender new shoots, so slash-
and-burn agriculture actually has a beneficial effect for these species, provided the density
of human population is not so high as to make hunting a limiting factor. The kouprey may
have contributed to the ancestry of the Indian zebu, the most successful tropical cattle
breed. It has been suggested that kouprey may be resistant to rinderpest and other cattle
diseases, indicating the possible importance of this species for breeding.

The wild water buffalo is the same species as the domesticated form, though some domestic
breeds have a different number of chromosomes than the wild form (again showing their
potential importance for breeding). The buftalo is probably the most important domestic
animal in the basin, providing power for pulling plows in rice fields, threshing rice, pulling
carts and logs, and providing fertilizer. Domestication of the buffalo allowed the development
of rice agriculture in the lowlands, and the maintenance of a viable wild stock should
contribute to the continuing success of the breed.

From many points of view, the elephant is the most important large wild mammal in the
basin. Tamed as a working animal, the elephant is vital in developing valuable teak and
other forests in rough hilly areas (1970 forest production in Thailand was approximately
US$100 million). As a ceremonial animal, the elephant plays a central role throughout the
basin; as a wild animal the elephant is an attraction to visitors to Khao Yai National Park
and potentially in other areas, such as the Petchabun range and the Elephant mountains.

As transportation for tourists, the elephant has proved its usefulness in such areas as
Kaziranga in Assam and Chitwan in Nepal and has similar potential in the Lower Mekong
Basin. As items of foreign trade, 245 elephants were exported from Thailand from 1967
t0 1971, earning about $250,000. As tools in wildlife research, trained elephants have
been shown to be the most practical means of making a census of Asian wildlife. As beasts
of burden, elephants have long been vital to transport systems and logging throughout the
basin.

At present, forestry elephants generally work with trucks, with the elephant bringing cut
logs downhill to the roadhead where the truck carries them to the sawmill. In former times,
the rivers were used as transport routes and in many places, the reservoirs created by
dams existing and envisioned can in the future similarly be used as transport routes. Many
basin forests can best be worked by elephants, since high-quality trees are not concentrated
enough to make roads economically feasible, especially given the reality of rising petroleum
costs and the increased siltation likely to be caused by construction of logging roads and
by modern clear-cutting techniques.
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Wildlife and Pests

The role of wildlife in controlling pest outbreaks is seldom appreciated and precise data
are generally scarce. A brood of young woodpeckers, for example, may consume 8,000-
12,000 insect pupae per day. When tree trunks are attacked by wood-boring insects,
they are regularly worked over by woodpeckers, completely debarking diseased tree
trunks and helping to control further spread of disease. Frogs and toads generally breed at
times when insects are at their peak populations and since most amphibians feed on insects,
they exert a strong influence on insect populations (as well as supplying protein to local

people).

The basin has about 57 species of insect-eating bats, some of which have populations
numbering in the millions. Indications are that many bats consume over half their own
weight in insects each night, with different species of bats preying on different groups of
insects, so that a rich fauna of bats ensures that a wide spectrum of insect species is
preyed upon. Widespread application of chemical pesticides is likely to adversely affect
the numbers of insect-eating birds, amphibians, and bats and therefore the stability of
insect populations, leading to periodic pestilence. The replacement of the insect eating
fauna by chemical pesticides thus does not seem to be a viable long-term alternative.
Instead, the value of these forms to agricultural development should be realized and efforts
made to conserve them. Chemical pesticides should be used at the minimum rate required
for each specific situation.

Another pest problem is rats, which are estimated to consume 10-20 percent of all grain
growing in Thailand. Losses of up to 100 percent of the rainy season rice crop have been
reported from the central plains of Thailand, and damage to the dry season crop is intensified
in all areas (Shuyler and Ratanaworabhan,1970). Recent reports from northern Thailand
suggest that in some upland areas (where natural predators have been exterminated), up
to 60 percent of the crop is destroyed by rats. The damage to crops is done by a relatively
few species which are commensal with people and replace the less destructive forest rats
when forests are cleared. The commensal rats benefit from human effects on the
environment, breeding rapidly and sheltering under houses, barns, and other shelters or
digging burrows in ricefie1d bunds or termite mounds.

Many of these rodents are hosts for disease vectors, including mites (scrub typhus), fleas
(bubonic plague), and ticks (several diseases). In addition, their droppings in stored grain
often carry such diseases as leptospirosis and salmonellosis. Efforts to control rodents
through poisoning or trapping have failed; for example, at the beginning of the 1969 rainy
season, a week-long poisoning campaign in one province in Thailand killed 680,000 rats
(6 rats/ha) but this did not significantly reduce damage to the next crop (Shuyler and
Ratanaworabhan, 1970). The best approach to rodent control is in improved village
sanitation and in storing rice and other foods in rodent-resistant containers, and in maintaining
natural predators of rodents such as owls, hawks, snakes, mongooses, and civets.
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Wildlife Breeding and Genetic Resources

As mentioned earlier, domesticated buffalo and cattle owe a genetic debt to wild ancestors
currently living in the basin. Several other species are important genetic resources as well,
furnishing the raw material for developing new breeds which may have characteristics
leading to greater productivity, such as disease resistance and ability to prosper on available
natural vegetation. Among the native species of importance to agriculture and food
production are the red jungle fowl (Gallus gallus), the ancestor of the domestic chicken;
the various ducks (Anatidae), at least some of which ancestral to domestic ducks; the wild
pig (Sus scrofa), the ancestor of the domesticated pig (many in remote areas are cross-
breeds); jungle cat (Felis chaus), which may have played a role in the development of the
domestic cat (an important pest controller); and the jackal (Canis aureus), a possible
contributor to the ancestry of the domestic dog. Further, the domesticated elephants are
all recently descended from the wild form and probably should not be considered "domestic"
since they are identical to the wild form; many tame elephants are bred with wild elephants
in the forest.

Live animals from the basin are in high demand from zoos and laboratories throughout the
world, with the animal trade earning about $4-5 million in Thailand in 1970. Douc langurs
are worth $2,500 each, Sumatran rhinoceros about $200,000 per pair (if they could be
obtained), elephants $1,500 each, gibbons $1,000 each, and clouded leopards $2,500
each. These figures are given as indicators of the potential magnitude of the animal trade,
which could yield a sustainable economic return for the foreseeable future if properly
managed. Unfortunately, the live animal resource has been grossly abused, to the extent
that there are now appropriate bans on the trade of many species (including all of those
listed above). The future of the animal trade is likely to depend increasingly on captive
breeding, with the few remaining forests serving as national parks or genetic reserves to be
used sparingly or only for non-consumptive uses.

Virtually all species of wildlife in the basin can be bred in captivity (exceptions are flying
lemurs and pangolins), but those likely to be particularly productive include hog deer,
sambar, Eld’s deer, banteng, gaur, kouprey, elephants, gibbons, monkeys, pheasants, quail
(the quail trade in Hong Kong earns $5.7 million per year), wild ducks, and crocodiles
(the crocodile trade in Thailand earns $400,000 per year).

The captive bred wildlife can be used not only for export or local use, but also for releasing
in natural habitats when protective measures can be enforced. Many forested areas which
are prime wildlife habitat are being cleared for extractive agriculture, though the soil is too
poor to support a crop for more than a few years. Such land will soon revert to grassland
and forest, but the wildlife has usually already been exterminated. Natural repopulation of
these areas might take decades, but a boost from populations bred in captivity can
significantly increase the rate of repopulation, thus making the land again productive. Captive
breeding of species of wildlife in demand for zoos and laboratories could also help reduce
pressure on the national parks and other protected areas while also providing jobs for
villagers and foreign exchange to the economy. However, it is vital that captive breeding
should be seen not as a replacement for habitat conservation but rather as a necessary
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supplement in a period of rapid exploitation. The major thrust of any conservation program
must be in protection of fairly extensive areas of natural habitats (see Chapter 6).

The Aquatic Animals

Importance of Basin Fisheries

Protein production through aquatic animals is highly efficient in the tropics, since the cold-
blooded animals grow quickly in the nutrient rich warm waters of streams, rivers, swamps,
and ponds, rapidly and efficiently transforming their food supply (phyto and zoo-plankton,
algae, molluscs, aquatic plants, detritus) into high-quality protein available for human
consumption. It is thus no surprise that the freshwater animals, including fish, shrimps,
crabs, shellfish, and frogs, are currently much more important than the wild land animals to
basin economies. Virtually all farmers living in the lowlands and near streams engage in
subsistence fishing as part of their daily activities and depend on fish for their primary
source of protein. The extent of this subsistence fishing is estimated to be at least 100,000
tons/year.

The aquatic fauna of the basin is very rich, including over 800 species of fish, 5 species of
dolphins (only one of which has been known to reach above Khone Falls), 2 species of
crocodiles, 49 species of frogs and toads, 12 species of turtles, and numerous species of
crabs and other crustaceans. The fish and crustaceans are by far the most important
economically and nutritionally and have the greatest potential for development, especially
through aquaculture.

In view of the importance of the fishery resource, a comprehensive evaluation of the fisheries
in the lower basin was carried out, under Mekong Committee sponsorship, over the period
1974 to 1977. This study, termed the Mekong Basinwide Fishery Survey (MBFS), had
the objective of determining the production, consumption, natural history, development
potential, and impact of water resources development on the basin fisheries. Though the
fieldwork was curtailed, a great deal of original data was collected, in many cases the first
such data ever available.

Much remains to be learned; for example, complete life history data is still not available for
any species, production and consumption figures are still gross estimates, and so on.
Therefore final considerations of fishery impacts and future directions of changes in the
fisheries as a result of water resources development, although relatively complete, should
be considered tentative. Nonetheless, the data obtained were sufficient for qualitative
generalizations about the potential impacts on fisheries of the basin development. These
indicate that substantial management, particularly in the area of aquaculture, will be needed
to overcome a projected loss of total fish stock and catch in the basin.

The MBFS found that most fish species in the Mekong, as in most tropical rivers, are well

adapted to a widely fluctuating environment, with a wide range of tolerance for temperature,
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pH, dissolved oxygen, and other environmental parameters. Adaptations to survive frequent
and abrupt environmental changes have evolved in some of these species, such as accessory
breathing organs found in some catfish, climbing perch, and murrels that enable the fish to
utilize atmospheric oxygen, so the fish can survive periods of deoxygenation of water as
usually occurs in the peripheral zones of inundated areas during flood seasons. Another
interesting adaptation is the ability to move over damp land, in some species, which enhances
survival when habitats dry out.

Importance of the Annual Inundation Cycle

The life cycle of many fish species in the Mekong is adapted to the annual inundation
cycle. With the onset of floods and the submergence of ricefields, ditches, swamps, oxbows,
and other low-lying areas over a considerable distance on either side of the riverbank,
large numbers of the fish population migrate from the rivers to the inundated areas, mostly
for spawning. While the breeding adults are quite hardy, large numbers of eggs and hatchlings
die due to desiccation if the flood recedes quickly; if, on the other hand, the floodwaters
persist for a relatively long period, large scale mortality of fry and fingerlings occurs due to
deoxygenation and drastic changes in pH resulting from decay of organic matter in flood
waters. This emphasizes the importance of the very high rates of reproduction invariably
found in basin fish.

An estimated 85 to 95 percent of the total freshwater fish population in the basin follows
this inundation spawning pattern. However, even those that do not follow the inundation
pattern could be adversely affected by the environmental changes following changes in the
inundation pattern.

Trend of Basin Fisheries Production

[Mustration 7 summarizes current production and consumption of fish in the basin and
projects the demand for the year 2000. This shows that fish supply must double if per
capita consumption remains the same and must quadruple if recommended minimum dietary
requirements are to be met. In this respect it is important to estimate the probable trend in
the production of the natural freshwater fisheries of the basin, to evaluate the extent to
which this supply can continue to meet the local needs. However, the basic data for the
fisheries of the basin are sparse and often misleading, so the trend of fisheries production
in the area is somewhat speculative.

One of the most important fishery resources of the basin is the Great Lake of Cambodia,
sometimes called the world’s greatest freshwater fishery. As Henri Mouhot, the French
explorer and naturalist, said as early as 1860, “The Great Lake is a source of wealth to the
whole nation; the fish in it are so incredibly abundant that the play of the oars is frequently
impeded by them”. However, production has fallen from nearly 80,000 tons in 1940 to
only 25,000 tons in 1965, and the decline is continuing (Bardach, 1966). This decline in
Great Lake fisheries, whatever the reasons, has effects throughout the Mekong Plain. The
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MBFS has shown that the aquatic production of the Tonle Sap-Great Lake Mekong
floodwater complex above Phnom Penh is a critical factor in sustaining the entire lowland
delta fishery.

Much of the exploitation in the Great Lake and its tributaries results from the netting of fish
during the gradual recession of the fish-laden floodwaters. Fish not captured during their
migrations to and from the vast inundation areas support the fisheries of the mainstream
channels. During the dry season, almost all of the fish that have survived the extreme but
essentially unmanaged fishing pressures of the declining flood period and commencing low
water stage have moved into the major river channels. With the beginning of the wet
season these fishes migrate again both upstream and laterally to their spawning grounds.

ILLUSTRATION 7:
PRODUCTION, CONSUMPTION,AND FUTURE DEMAND OF FISH (METRIC TONS)
Country 1970 2000
Production Consumption Projected Demand ?
Cambodia 145,000 180,500 580,000
Lao PDR 30,000 30,000 100,000
NE Thailand 80,000 143,700 790,000
VN. Delta 230,000 137.000 480,000
Totals 485,000' 491,200 1,950,000

Source: Netherlands Economic Institute; MBFS.

! Includes approximately 40,000 tons from aquaculture.

2 These estimates assume an increase in per capita consumption of fish. If per capita consumption remains the
same as in 1970 (that is, if the increase in animal protein needs are met by livestock and poultry or if protein
deficiencies still remain), then the demand for fish in year 2000 will be about 1 million tons/year.

During these migrations, the fish are also subjected to intense fishing pressures. Those that
succeed in reaching the principal spawning grounds in the flooded areas produce their
young there. The adults soon make their way back to the main rivers, and enroute are
subjected once again to heavy fishing pressure. Meanwhile, the young grow vigorously
over the inundated land, but as the water begins to recede they also follow it toward the
main river channels, with only a few remaining in the residual lakes, ponds, and swamps.
Enroute to the dry season riverine habitats, the young are significantly reduced in numbers
by a fishery perhaps unparalleled in the world for its extreme intensity and for the ingenious
variety of gear involved. Much of the population of the young is caught before reaching the
haven of the dry season habitat. The survivors support much of the productivity of the
freshwater deltaic areas, but also must provide the future spawning population which will
move back into the inundation zones during the soon-to-come rising water period.
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Because of the difficulties involved in trying to study the fishery of the Great Lake and its
associated waterways during wartime, it has not been possible to establish the reasons for
the decline in the lake fishery. However, population growth in the lowland areas has increased
demands which in turn has stimulated the generation of the world’s greatest concentration
of aquaculture in parts of the delta downstream from Phnom Penh. The MBFS found that
in a small farmer-fisherman hamlet halfway between Can Tho and Long Xuyen, each of
the 20 households owned a fishpond which annually yielded about 37 tons of fish per
hectare of surface water area; they had started the ponds seven years previously, when
the fish catch in the river had begun to decrease. The total production of cage culture in
Vietnam could amount to 40,000 tons annually, or 8 percent of the total fish production of
the Lower Mekong Basin.

The increases in population have definitely resulted in adverse effects on several of the
larger fish species of the Mekong. For example, the famous “pla buk™ or giant catfish
(Pangasionadon gigas), the largest fish in the Mekong, was once quite common in the
lower stretches of the river, with several thousand a year being caught below Khone Falls
(Pavie, 1904). They are now essentially extinct below Pak Sae (Davidson, 1974) and are
rare and declining elsewhere.

While the information noted above may indicate a trend toward over-exploitation of the
overall fisheries in the lowland areas of the Mekong plain, definitive conclusions are hardly
possible because of lack of basic data in this zone. Also, in northeast Thailand the available
data indicate increases in overall fish catch but no overall over-exploitation or depletion.
Increasing use of irrigated agriculture will mean increasing use of agricultural chemicals
including toxic chemicals, which would greatly depreciate the paddy fisheries which have
traditionally contributed to the farmer's diet. For these various reasons, when estimating
future fish production from natural freshwater sources, it is probably conservative to assume
that future production rates will not exceed present levels. Hence the additional fish food
needed to support new populations will have to come from other sources, including new
reservoir fisheries, aquaculture, or marine fisheries.

Role of Marine Fisheries

Exploitation of marine fisheries has greatly increased in Thailand since 1960, due to market
stimulation from Bangkok and other urban areas and to availability of new technology, and
national policies will no doubt press for continuing expansion of this industry. However,
most of this product is consumed by the urban sector, and is generally too expensive for
meeting the needs of the rural population. Marine fisheries are also an important industry in
Vietnam and seem destined for considerable expansion. Again, however, it seems likely
that the protein needs of the rural population will be met mostly by freshwater fish sources.
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Conclusion

The terrestrial wildlife of the Lower Mekong Basin is a natural resource of historical and
current importance and offers considerable potential for the future. However, it is an
inescapable fact that this wildlife resource is greatly suffering from over-exploitation, and
most of the basin can be accurately described as defaunated, closely following the rate of
deforestation. If nothing is done, the wildlife will continue its long slide downhill, to the
ultimate detriment of the human population. By considering wildlife as an agricultural resource
which must be managed as an integral part of the agricultural development plan, however,
wildlife could continue to contribute to human well-being for the foreseeable future.

The situation regarding exploitation of the natural freshwater fisheries of the lower basin is
much more difficult to quantify. The increasing demand for freshwater fish will likely be
met by a combination of aquaculture and reservoir fisheries (including enhancement of
reservoir fish yields to capitalize on all available feeding niches).

The orientation of the agricultural development model advocated in this report is not limited
to the traditional concept of optimizing farm production alone, but to develop a truly
comprehensive model which will yield at any future point of time sustained productivity of
the overall complex. Perhaps the term “environmental agriculture” best indicates the scope
and objectives of this type of planning. Thus the model will help to conserve wildlife and to
supply an increased amount of fish. The integration of such a program into the overall
basin agricultural development model presents a unique opportunity to attain this goal, and
when combined with wildlife and forest conservation measures, it can provide the means
of the conservation of these natural resources for human benefit.
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Chapter 6

Resource Conservation and Water
Resources Development

Introduction

Chapters 4 and 5 showed that the forests, wildlife, and fisheries of the lower Mekong
basin are being exploited at a rate far exceeding the sustainable yield level, primarily due to
improved access to previously remote areas, increasing human population, the replacing
of a subsistence economy by a market economy, improvement of the technological means
of forest clearing, fishing, and hunting, and inadequate enforcement of regulations in the
rural areas. The situation in Thailand, at least, is rapidly approaching a terminal state. Itis
anticipated that within another decade Thailand's forests will be depleted to the extent that
the country will become dependent on timber imports from the surrounding countries.
The depreciation of forests will also mean a radical reduction in wildlife and many species
adapted to mature evergreen forest may be lost, along with most of the larger game species.
The situation in parts of Lao PDR, Cambodia, and the Vietnamese highlands is much
better, and these countries have the potential for developing their forest resources on a
rational sustained-yield basis.

Role of Protected Areas in Sustained-Yield
Agriculture

Chapter 7 will show that traditional and extractive methods of agriculture are reaching a
critical stage and will not be able to contribute very much to further agricultural development.
Expansion of total land under crops in the basin has reached its productive limits, and
modernization of basin agriculture will depend on more intensive use of the suitable
agricultural land. With agricultural development stabilized on the more productive land,
the marginal areas now being cleared of forest for transitory, extractive forms of agriculture
can revert to its most productive long-term uses: forestry, watershed protection, recreation,
and wildlife conservation.

The best way of controlling over-exploitation, and assuring that at least representative
areas of forest remain to regenerate the abandoned areas created by extractive agriculture,
is through a system of protected areas. Recognizing that the only conservation technique
which even approaches success in the short term is total protection from modern land
development, the Mekong Committee has sponsored a study which has designed a system
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of protected areas for the basin, totalling about 7 per cent of the land area. These reserves
are seen as integral parts of the land-use plan for the basin. The proposed and existing
national parks and other protected areas are briefly summarized in illustration 8, including
location, vegetation, and purposes (further details are found in McNeely 1975).

In the long term, the protected areas will be most effective if they actually form “core
areas’ within a larger land and resource management unit. Within the core area, no extractive
activities are allowed, but in the surrounding “buffer zones™ the forests and wildlife would
be managed for the direct benefit of the local people, through controlled access for gathering
of forest products, limited subsistence hunting in some specified zones, selective logging,
sustained-yield swidden agriculture, and many other economically productive activities.

The unplanned extractive exploitation of the basin forests is disturbing watersheds (leading
to recurrent cycles of floods and droughts), changing weather patterns, reducing fertility of
the land, depleting forest reserves, reducing wildlife populations, and generally reducing
the value of the land. In contrast, forested upland areas zoned for protected areas can
reduce floods and siltation rates, increase usable water yields, improve dry season water
supplies, and decrease water waste. All of these will help contribute to the longevity and
productivity of reservoirs and irrigation systems in the lowlands, thus contributing to
increased agricultural productivity.

Another important function of protected areas for agriculture is to maintain diversity in the
basin. The various hill tribes often cultivate a very wide variety of crops and collect an
even wider variety of plant products from the forests and abandoned swiddens. In contrast,
modern agriculture tends to concentrate on relatively few crops which give a high economic
return. As basin conditions change in the future, the upland forested reserves can provide
the source material (of both plants and techniques) for solving as yet unforeseen agricultural
problems. On a more immediate level, the reserves also contain the wild relatives of
domesticated plants and animals discussed in Chapters 4 and 5. The wild forms evolve in
competition with local insects, diseases, and other pathogens and may provide good
breeding stock for creating new insect or disease resistant domestic or cultivated forms.
Also, research is showing that the best way to control insects and other pests is often
through using a natural enemy of the pest; such biological controls may often be found in
the national reserves.

The protected areas thus can play an important role in the overall land use plan for the
basin, of which water resources development is the central feature. It has been argued
that major dams and reservoirs are very destructive of wildlife and forests, but it is clear
that if current trends continue without water resources development, most wildlife and
forests is doomed to disappear (as is already the case in many areas). Water resources
development, on the other hand, offers greatly improved possibilities for conservation:
more intensive agriculture in the lowland irrigated areas can reduce pressure on the
agriculturally marginal uplands; the power produced by dams can help reduce the reliance
on wood as a cooking fuel; by locating protected areas in and around reservoir watersheds,
and by planning and financing them as integral parts of the reservoir projects, opportunities
for extending control to the protected areas are optimal; and the overall economic
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ILLUSTRATION 8: PROPOSED AND EXISTING
PROTECTED AREAS OF THE LOWER MEKONG BASIN

Name

Location

Vegetation

Values to be protected

1 Elephant Mountains

Kamphot, Kompong Speu, Koh
Kong, C.

Pines, wet evergreen,
deciduous

Pileated Gibbon; Northern Smooth-tailed
Treeshres; Chestnut-headed Partridge

2 Cardamon Mountains

Koh Kong, Pursat, C

Wet evergreen, deciduous

Elephants, rhinos, gibbons, treeshrews

3 Khao Soi Dao - Khao

Chantaburi, TH

Wet evergreen, hill
evergreen

Elephants, rhinos, Marshall's Horseshoe Bat

4 Delta Mangrove

Baclieu, An Xuyen, VN

Mangroves

Salt-water crocodiles

5 Great Lake

Pursat, Battambang, C

Swamp forest

Natural fisheries; waterbirds (perhaps
flamingoes)

6 Angkor Wat

Siem Reap, C

Deciduous

Tiger, Eld's deer, Banteng

7 Koulen Preah Vihear, C Deciduous, man-made Kouprey (only place?); Giant Ibis, Siamese
savanna Crocodile

8 Kratie Kratie, C Deciduous, man-made Wild cattle
savanna

9 Lompat Ratanak Kiri, C Deciduous, open savanna |Wildlife in vicinity of Sre Pok, So San,

Stung Treng dams

10 Langbian Plateau

Tuyen Duc, Darlac, VN

Wet evergreen

Langbian Rat, Collared Laughing Thrush,
Gray-crowned Crocias

11 Senmonorom

Mondulkiri, C

Wet evergreen

Pygmy Slow Loris, Red-vented Barvet,
Germain's Peacock Pheasant

12 Hodrai-Sou

Ratanak Kiri, C; Kontum, VN;
Attopeu, C

Wet evergreen

Pygmy Slow Loris, Langbian Rat, Lao
Marmoset Rat

13 Bolovens Plateau

Attopeu, Saravana, L

Wet evergreen, deciduous

Langbian Rat, Douc Langur, [.ao Marmoset
Rat, Red-vented Barbet

14 Tehepone

Savannakhet, Khammouane, C

Wet evergreen, deciduous

Imperial Pheasant, Yellow-billed Nuthatch

15 Khammouane Plateau

Khammouane, C

Wet evergreen, deciduous

Imperial Pheasant, Sooty Babbler, Douc
Langur, others

16 Xieng Khouang

Borikhan, Xieng Khouang, C

Wet evergreen, deciduous

Owston's Civet, Frangois' Monkey, Douc
Langur, Yellow-billed Nuthatch

17 Luang Prabang

Sayaburi, C; Nan, TH

Deciduous, hill evergreen

Hunting and gathering tribe, the Yumbri

18 Nam Ou Luang Prabang, C Mixed Wildlife of north Laos
19 Phong Saly Phong Saly, C Mixed Southern China fauna
20 Upper Mekong Houa Khong, C Mixed Burma/LLao/Southern China fauna

21 Khao Yai

Nakhon Nayok, Nakhon
Ratchasima, Prachinburi, TH

Evergreen, grassland,
deciduous

Elephants, tiger, gaur, Pileated Gibbon

22 Phu Kadoung

Loei, TH

Pine, grassland, deciduous,

Sandstone massif with numerous waterfalls;

evergreen tourism, plentiful bird life
23 Nam Nao Khon Kaen, Loei, Petchabun,  [Diverse Elephant, gaur, tiger, gibbons, plentiful
TH birds
24 Phu Kheo Chaiyaphum, TH Grassland, evergreen, Elephant, Sumatran Rhino, Bourret's
deciduous Horshoe Bat
25 Phu Luang Loei, TH Evergreen, deciduous  |Elephants, gaur, tiger

26 Dangrek Range

Buriram, Surin, Sisakhet, TH;
Oddar, Preah Vihear, C

Evergreen, deciduous,
grassland

Many archaeological sites; elephants,
Pileated Gibbon, Eld's Deer, Kouprey

27 Middle Mekong Ubon Ratchathani, TH Flood plain Flood plain fauna
28 Phu Wua Nong Khai, TH Evergreen, deciduous  |Hog Deer
29 Phu Phan Kalasin, Sakhon Nakhon, TH |Evergreen, deciduous Isolated massif with isolated fauna

development which will follow water resources development should stimulate sufticient
government control and financing for enforcement of land-use regulations.
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Conservation in Upland Areas Outside Protected
Areas

Well over 60 per cent of the land area in the basin is not amenable to modern agricultural
development, but much of this land will still be used for agriculture. Itis difficult to predict
in which direction upland farming systems will develop. Whether the trend would be
towards forest farming, integrated livestock farming, or rotational systems of field crops
will depend on future commodity prices, transportation systems, and government policies.
These variables cannot be charted at this stage, but it is expected that with full
implementation of the planned irrigation projects, beneficial changes will ensue for all
agriculture in the basin. These changes will include improved markets, transportation and
communication, availability of electrical energy, storage and crop protection methods,
agricultural extension, and improved varieties of crops. With these very basic changes,
both upland and lowland farmers can be expected to greatly improve their efficiency; for
example, "mini projects" are planned for some of the best upland areas. But even with all
ofthese changes, it is expected that some areas outside the protected areas will still be
most suitable for low population density traditional agriculture and other areas will be most
suitable for forestry

The system of protected areas, wherein natural high-diversity forests would be conserved
through protection, should be accompanied by a maximal effort in reforestation. Demand
for wood will continue to increase at a rate which may exceed the rate of population
increase, and current consumption trends indicate that future requirements of forest products
will not be able to come from the natural forests. The best alternative during the reforestation
process seems to be forest plantations both for firewood and for construction timber
(including teak). Several species of very fast-growing softwoods (such as Acacia catechu)
would be suitable for charcoal, particularly if they are formed into briquets; fast growing
species of Casuarina can be used for poles; pine for construction and fuel can be grown
as part of a forest farming system as described in Chapter 7; bamboo and kenaf can be
used for paper pulp thus reducing pressure on the forests; and mixed species plantations
of hardwoods can be grown for the more exacting furniture and construction requirements.
Above all, the areas allocated to conservation must be protected from further depredations
and the remaining production forests must be used at a sustained yield level.

Similarly, wildlife conservation in the protected areas should be accompanied by livestock
development programmes in the agricultural areas. Improved production of pigs, cattle,
buffalo, chickens, and ducks could play a significant role in improving the level of protein
consumption in the basin and reducing the reliance of villagers on wild protein.

As mentioned earlier, captive breeding of species of wildlife in demand for zoos and
laboratories could also be quite productive (though never as a substitute for habitat
conservation). Areas being reforested with mixed species of trees also provide a good
opportunity for reintroducing wildlife which has been bred in captivity. Such a boost from
wildlife managers would be a vital step in helping exhausted, deforested land recover to
previous levels of production.
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Aquaculture

Chapter 5 showed that the natural freshwater fisheries of the basin, which have traditionally
been the primary source of animal protein for farmers, will need to be supplemented by
aquaculture and reservoir fisheries in order to meet the fish food needs of continuing
population growth. While reservoir fisheries can meet part of this demand, major dependence
must also be placed on aquaculture utilizing the year-round water supply made possible
by water resource development.

While individual farm family ponds have been commonly used in irrigation areas, drawing
water from the irrigation system, the main new opportunities envisioned in the Mekong
programme are in commercial scale fish farms served by irrigation systems, using cage
culturing of fish in lakes, rivers, and other waterways.

Commercial Aquaculture in Irrigation Service Areas

Land considered unsuitable for agricultural purposes because of its topographic position
has been assessed for aquaculture development. For example, the Mekong Committee
developed preliminary plans and designs for aquaculture farms utilizing a range of production
rates depending upon investment levels. Usually these farms would be complexes of
about 50 ha each, comprising a network of 2 ha farms suited to family size operation plus
a small area devoted to fish stocking and hatchery purposes.

Included in the programme are plans for developing more efficient methods of fish feeding,
such as manufacture of pelletized food in fish feed mills, and of storage, processing, and
sale of the harvested fish. The current programme of the Mekong Committee includes
provisions for constructing and operating demonstration fish farms of this type both in the
Lao PDR and in Thailand. Such fish farming must pay careful attention to maintaining
good water quality, i.e., to exclude harmful agricultural chemicals from the system. One of
the objectives of the demonstration farms will be to incorporate these safeguards in the
design of pond operatiaons.

Delta Rehabilitation Potentials

Because of the possibility that development of the Mekong might adversely affect shrimp
and other shellfish production in the Mekong delta, and also in order to enhance the delta
fishery in general, the Mekong programme has considered three promising potentials for
optimizing the benefits of delta development between cropping and aquaculture, taking
into account the productive potentials of specific areas and the relative economics of
alternative ways of using them. These include:

a. Prawn and shrimp farming. This project encompasses training of riparian technicians in
farming techniques, biological surveys of prawn resources and cultivable water areas in
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the delta, feasibility studies for establishing a pilot prawn culture farm, and adaptive
research and pilot operations in spawning shrimp and prawns under captive culture
conditions.

b. Catfish propagation. This project has the objective of developing practicable means
for artificial propagation of the giant catfish P. pangasius, not only to enhance commercial
farming of'this species but to compensate for any losses in natural fry sources which
might result from mainstream project development. The methodology could be
subsequently adapted to conserve other valuable fish species which might be endangered
by water resource development.

c. Brackish water fish seed prospecting. To offset possible losses to estuarine and inshore
fisheries due to dam construction farm fish production could be enhanced in the brackish
zones of the Mekong delta by ensuring a reliable supply of seed for valuable brackish
water species of both fish and shrimp. The project includes field explorations for locating
seed sources, determining seasonal distribution and favourable exploitation times,
fabricating gear for seed collection and segregation, and training.

Conclusion

The natural resources of the lower Mekong basin, particularly forest habitats and wildlife,
are being depleted at an alarming rate, and unless this trend is changed most of the remaining
forests and wildlife could be lost within the next several decades. However, there is
considerable hope for the future provided that conservation is seen as part of overall land
use planning which will yield optimal benefits to the regional economy. Conservation of
the upland watersheds, including the allocation of sizeable areas for protected areas, must
be included in all water resources development plans from the earliest stages. Conservation
in the lowlands is also best based on a sound land use plan, but because most of the
lowland areas are now being used for agriculture, conservation essentially means optimal
agricultural development, as discussed at length in Part II.

With regard to freshwater aquatic fauna or fisheries, the natural fisheries must be
supplemented by aquaculture as well as by the new fisheries of reservoirs, in order to meet
the increasing protein needs.
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Chapter 7

Agricultural Systems

Introduction

Part I has discussed the wide variety of soils, climates, water regimes, and natural flora
and fauna found in the Lower Mekong Basin, illustrating the point that the basin is very
diverse. Asisto be expected from such ecological diversity, many different agricultural
systems are found in various parts of the basin, each adapted to local conditions. These
same local conditions must be considered as essential ingredients in any agricultural
development plan, so it is important to have an understanding of the existing agricultural
systems.

For the purposes of this discussion, the basin agricultural systems can be divided into three
broad categories: traditional agriculture; extractive agriculture; and modern agriculture
(though the categories have considerable overlap and considerable variability is found
within each category).

Traditional Agriculture

Traditional agriculture includes several systems that have been used in the basin for at least
2,000 years, thus demonstrating their essential soundness under traditional conditions.
We divide these systems into two main categories: swidden agriculture (mostly in the
uplands); and bunded field agriculture (mostly in the lowlands).

For both categories, the most important crop is rice; both employ systems of permanent
subsistence farming, suitable for closed agricultural economies with low population pressure.
Upland farmers require at least 30 ha per family to maintain subsistence levels, whereas
bunded field farmers will generally be self-sufficient with 1.5 to 3 ha depending on the
local situation. Thus the total area in use for each of the types may be approximately equal
even though the population of upland farmers is only 10 percent of the total farmer
population.

Swidden Agriculture

(Thai, Lao, Khmer: “rai”; Vietnamese: “mur”)
Swidden agriculture (“swidden = burned field) is also called “slash-and-burn”, or “shifting
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cultivation”. Itis arotational system based on cutting living vegetation in early winter,
letting the vegetation dry during the dry months, burning it late in the dry season, and
planting a crop of rice, corn, bananas, and a wide range of other plants in the fertile ash.
After one or two crops, the field is left to fallow for at least 10 years, after which the cycle
is repeated. Agricultural tools are minimal; the plow is not used and even the harvest is
often reaped by hand, without the use of a blade. While no draft animals are required,
most villagers keep dogs, chickens, and pigs; nevertheless most of their animal protein
comes from fish and wild game (at least under traditional conditions).

An essential part of swidden agriculture is the great diversity of crops which are grown, to
some extent mimicking the diversity of natural forests. The Lua (Lawa) of northern Thailand,
for example, grow about 120 crops, including 75 food crops, 21 medicinal crops, 20
plants for ceremonial or decorative purposes, and 7 for weaving or dyes; the fallow swiddens
continue to be productive for grazing or collecting, with well over 300 species utilized
(Kunstadter, 1970). The most important crop is upland rice, and it is not unusual that 20
varieties of seed rice are kept in a village, each with different characteristics and planted
according to soil type, fertility, and humidity of the fields.

Yields are often very high in upland swiddens. Depending on soil conditions and climate,
rice yields may vary from 1 to 4 tons per ha, with an average of about 1.6 tons. In addition,
the yield per unit of effort is typically higher than in lowland systems, giving the upland
farmer more time for hunting, social interactions, and ceremonial activities. However, if the
fields are used for more than one year the yields of many crops drop very quickly (see
illustration 9).

ILLUSTRATION 9:
NAN PROVINCE,NORTHERN THAILAND: YIELDS FOR SWIDDENAGRICULTURE
UNDER RAINFED CONDITIONS ON THE SAME LAND OVERA PERIOD OF
THREE YEARS (KG/RAI)

Cotton Mung Bean Rice Corn Peanuts
Year 1 1.75 153 406 428 100
Year 2 127 178 302 101 185
Year 3 96 69 222 55 108

Source: Chapman, 1970

Although swidden agriculture has come under wide abuse as being destructive of forests
and watersheds, it is highly adaptive to a wide range of conditions and when properly
performed it may be one of the least harmful ways of cultivating areas where poor soils,
steep gradients, and heavy rainfall make conventional farming methods unproductive or
impossible. As practiced by stable groups, swidden agriculture is not particularly destructive
of forest, land, or wildlife. Permanent villages are established, moving only if forced to do
so by extremes of economic hardship, political disturbance, or population pressure, not as
alogical consequence of their agricultural techniques (Hinton, 1970).

Sedentary swidden agriculturalists have a strong interest in maintaining the fertility of the
village territory and practice several long-term conservation measures, including:
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e preservation of stands of timber in and around the swidden to serve as a seed reservoir
for new secondary forest;

e sophisticated control of fire (including fire breaks, fire fighters, and coordinated burning);

e carly cutting of forest to retain soil moisture, reducing transpiration losses so that swidden
soil is often more moist than adjacent forest soil;

e careful rotation of swiddens, using each one for only one year (a second burn or
continued use typically leads to the invasion of Imperata grass, deflecting the succession
from forest to grassland);

e abush-fallowing period of at least 10 years to allow the flow of nutrients to reverse the
trend toward leaching and be recycled into secondary growth plants, which then release
their nutrients through burning;

e careful control of weeds (which may be the dominant reason for abandoning a swidden);
and

e minimal disturbance of topsoil, thus minimizing erosion.

Under such ideal swiddening systems, wildlife flourishes, with elephants, wild cattle, deer,
and wild pigs all feeding in the abandoned swiddens. When the swiddeners have tenure
over their land, the game is carefully cropped, with over-hunting prevented by religious
customary sanctions, as well as by primitive weapons. In addition, the ability to maintain a
stable and permanent relationship with forested land enables some swidden farmers to
invest time and effort in other permanent assets like fruit trees, fenced gardens, terraces,
and irrigation canals. Inthe most suitable areas, the swiddens are supplemented by irrigated
rice fields, thus allowing a considerably higher population density than under swidden
conditions alone. These rice fields require buffalo for plowing and harrowing.

In areas above 1000m, the dominant crop is maize, supplemented by opium (to purchase
rice). Such groups as the Hmong also keep large numbers of cattle which are slaughtered
only on ceremonial occasions. The Hmong also see their cattle as insurance against extremely
adverse conditions, to be sold in an emergency.

However, in recent times, swidden cultivation has revealed some serious limitations. Since
per capita land requirements are relatively high and upland agricultural systems seem unable
to respond to labor surpluses with corresponding increases in productivity, the pressure of
increasing population has forced more intensive use of the available land.

The fallow periods are thus shortened, leading inevitably to a decrease in fertility and,
ultimately, to Imperata grasslands which cannot be cultivated by traditional means. Thus
the over-utilization of the potentially renewable upland agricultural resources has led to an

essentially permanent depletion of those resources and reduced carrying capacity of the
land.

The increase in hill tribe population is also resulting in unsuitable areas being cultivated.
Permanent swidden farming can only be practiced on soils derived from igneous and basic
sedimentary rocks, including shales, limestones, and basalts, or on well-structured red
soils. All other soils tend to regenerate very slowly, requiring an excessively long fallow
period. Many of the higher elevation areas previously avoided by swidden cultivators
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because of their inherent limitations, are now being used by a very destructive type of
swidden agriculture, which might be called “extractive swidden agriculture”. This system is
based on using the same swidden for growing opium for 5 or 6 consecutive years (with
other crops such as maize grown during the “off-season’), until all residual soil fertility is
lost, soil organisms are removed, seed trees are burned, weeds become rampant, and
topsoil is eroded; upon abandonment, the land reverts to Imperata grassland. The villages
are temporary and of fluid composition, discouraging capital investment or long-term land
conservation. Such areas are seldom self-sufficient, with opium being used to purchase
rice from the lowlands or lower lying hill tribes.

Another variety of unstable swidden agriculture is practiced by an estimated 15 to 20
percent of lowland farmers. Lowland swiddening is typically very destructive because
land titles are seldom involved in the clearing of reserved forests, so the farmers have little
motivation to take long-term conservation measures. Short periods of cultivation are followed
by periods of fallow which are too short to restore soil fertility, leading to permanent
abandonment of the land. Fire control measures are usually neglected and since the lowlands
are usually covered by fire-prone deciduous forest, the dry season often experiences
massive destruction of forested land. The extent of dry season fire in the plains of northern
Cambodia is especially notable.

While the Mekong Project is primarily concerned with the lowland areas, the uplands are
seen as an integral part of the basin agroecosystem, and as such must be considered as an
important part of the overall plan. The social structure of most hill tribes is organized
around the holding and control of swidden lands (Kunstadter, 1970), but since each tribe
tends to have its own set of customary laws (seldom recognized by other tribes or by the
dominant lowland government), land disputes are very common. Only if the tribe
unequivocally controls its swidden land will long-term conservation measures be effective,
not only for the land and vegetation but ultimately for the tribe itself.

Even so, this will not be enough. Employment opportunities in forestry should be created,
along with reforestation in the Imperata-covered uplands. Research on making the better
upland soils more permanently productive should be conducted, and new cash crops
should be introduced along with new systems of transport and marketing. Within its limits,
swidden farming can continue to make a meaningful input into the total agricultural
productivity of the basin, if it is developed as part of the overall system.

Traditional Bunded Field Farming

(Thai Lao: “naa dam”; Khmer: “sre”; Vietnamese: “ruong”)

More sophisticated from the point of view of traditional technology is bunded field farming,
which has been practiced in the basin for at least 2000 years. Much of northeastern
Thailand, southeastern Cambodia, and the Mekong Delta are covered with an intricate
patchwork of small, traditional bunded fields. For such farming, the land has to be cleared
(often by using slash-and-burn techniques), leveled, and bunded. Experience has taught
that it often takes about one generation for a rice field to become optimally productive;
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apart from perfect leveling, an impervious layer must form at shallow depths in paddies, to
keep the rainwater ponded on the field with minimal infiltration losses. Contrary to swidden
farming, no fallow periods are necessary other than the annual short fallow period during
the dry season.

Plowing turns under the mulch from the previous year, the dry season fallow produces
organic matter on which buffalo and cattle are grazed (adding manure to the soil), and the
submerged conditions of the field during the growing period ensure enough nitrogen to be
fixed biologically under the anaerobic conditions to maintain a relatively constant minimum
yield. Some nitrate nitrogen is formed during the fallow period as well (Anderson, et al.,
1973).

While soil fertility plays a dominant role in swidden cultivation, the hydrological conditions
of each field may limit the yield of the bunded fields, since the drying-out process may
make the soil more acidic and disturb the nitrogen-fixing process. As previously noted,
the range of hydrological conditions in the Mekong basin is very wide, and here again,
traditional technology has been adapted to these conditions with remarkable sophistication.
Part of this adaptability is in the wide range of traditional rice varieties which are in current
use, varying from varieties with an 80-day growing period (for drought-susceptible fields)
to varieties with a growing period as long as 270 days (for lands that are moist over a long
portion of the year).

Another part of this adaptability is traditional water manipulation. In many areas of the
basin, bunded-field farmers of the lowlands have since time immemorial made small canals
which would help to spread wet season floodwater more equitably over their fields. In
some areas, the rising waters of the flood periods were raised by temporary weirs and the
water diverted for gravity-fed irrigation. Large ponds for domestic use during the dry
season are widespread throughout the basin, especially in conjunction with temples. Ina
few areas, very large canals were built during the Funan and Angkor periods, and some of
these are still in use.

Bunded field farming typically involves monoculture; other crops are seldom grown on the
same land. Moreover, it is very labor-intensive and requires agricultural tools and draft
animals. While optimal upland swiddens may give a slightly higher yield in any given year,
their long fallow period means that the sustained yield of bunded fields is typically at least
10 times higher than in upland fields. Furthermore, the bunded field system is more adaptable
to population pressure. The yields of the bunded fields actually increase when fields become
smaller with population increase, because on smaller farms better care is taken of the
crop, weeds are more carefully controlled, and more work is done to ensure satisfactory
hydrological conditions.

The bunded fields are characterized by finite patterns which have evolved throughout the
ages and in some cases are specific for a certain tradition. Though prehistoric and early
historic field patterns are unknown, three well distinguished systems are now common in
the basin:
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a. The medieval Khmer system consists of small square fields with high and broad bunds,
overgrown with shrubs and trees for utilitarian purposes. The Khmer system, common
around the Great Lake in southern Cambodia and in parts of the Mun basin of northeast
Thailand, indicates that the Khmers probably did not use the plow, but puddled the
fields by trampling; this system probably developed in the low terrace lands. The
Khmer field patterns show a remarkable regularity from the air, somewhat resembling
the centuriations that are found all over the Roman Empire from England to North
Africaand the Middle East.

b. The Vietnamese system is characterized by long, narrow fields, sub-divided when
necessary; the bunds are narrow and not overgrown. This pattern, which can be
efficiently plowed due to the relatively few turns required, suggests that the plow was
used from the beginning and that the system originated in the flat lowlands.

c. The Thai system, which is not bound by tradition, is entirely adapted to the topographic
and hydrologic opportunities of the terrain. On level land the fields are large and
square; on sloping land they are long and narrow, following the contours of the slope.
Sometimes bunds are high, sometimes low, as the need dictates.

The traditional bunded field systems represent a feat of land reclamation of tremendous
magnitude in the Lower Mekong Basin. Some 50 million individual bunded fields exist in
the basin, all constructed by traditional means without the benefits of agronomists, foreign
agricultural experts, benefit-cost analyses, and loans from the international assistance
agencies.

The rich store of down-to-earth technology for traditional agriculture efficiently adapted
to each micro-ecological situation should not be under-estimated. It is remarkable how
this invaluable knowledge has remained intact throughout the ages, in spite of historical
vicissitudes. Civilizations may come and go, but the efficiency of the individual subsistence
farmer seems to remain untouched. However, traditional farming systems evolved for
traditional population levels, so their potential for further expansion is limited. Swidden
agriculture is already over-extended and bunded field agriculture is in many areas at the
limit of maximum productivity. Innortheast Thailand, half of the bunded fields are marginal
rice lands which give unpredictable yields and fail in many years; with traditional means the
production ceiling in northeast Thailand would be limited to about 6 million tons per year.

Expansion of Traditional Agriculture in Mekong Delta, 1860-1975

Because both swidden and bunded field agriculture were adapted to local environmental
conditions and low population pressure, the surpluses from bunded field farming historically
were channeled into the construction of monumental religious structures or into the support
of priesthoods and military establishments.

Beginning about 1860, traditional bunded field farming entered a phase of rapid expansion.
Stimulated by foreign markets and cash demand for rice surpluses, the area under rice
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cultivation in the Mekong Delta increased from 170,000 ha in 1872 to 1,300,000 ha in
1908, an increase of about 7.5 times or a compound rate of 4.7 percent per year. The
revolutionary opening up of new land subsequently slowed down, with the increase from
1908 to 1961 being only 270,000 ha, an increase of 21 percent in 53 years (0.4 percent/
year) (illustration 11). Most of the increased production was exported, with the exports
of rice from Ho Chi Minh City increasing from 58,000 metric tons in 1860 to 900,000
tons in 1910, an increase of 14.6 times in 50 years, representing a compound rate of 5.6
percent/year (illustration 10).

ILLUSTRATION 10:
RICE EXPORTS IN THOUSANDS OF METRIC TONS,
BANGKOKAND HO CHIMINH CITY, 1860-1910
(ADAPTED FROM OWEN, 1971)
Year Bangkok Ho Chi Minh City
1860 9% 58
1870 156 230
1875 237 341
1880 209 286
1885 225 455
1890 490 529
1895 498 567
1900 423 625
1905 861 714
1910 970 905

In the late 1860s, most of the Mekong delta was an unhealthy environment, with human
settlement confined to the immediate vicinity of the major rivers and their tributaries. Although
the Vietnamese had begun opening up the delta by constructing canals as early as the
beginning of the 19th century, this development gained considerable impetus late in the
century. The policy was to give large land grants to Vietnamese, Chinese, and French
investors, who then recruited tenants to build canals, clear the land, and cultivate the fields.
The government built only a few of the largest canals (sometimes following the same pattern
as canals built during Funan times, 15 centuries earlier). The new canals provided some
limited drainage, but their most important function was to provide access to markets through
boat transport; actual irrigation was minimal.

These developments, using essentially traditional techniques but stimulated by foreign
markets and some limited foreign technology, led to a great increase in population. In
1880, an estimated 1.7 million people were living in “Cochin China”, but by 1930, this
figure had increased to 4.5 million, an annual rate of increase of 2 percent (Netherlands
Delta Team, 1974). The population has subsequently increased to about 20 million.

A similar development took place in the lower Chao Phya delta, stimulated initially by the
Bowring Treaty with Great Britain in 1856. The large and continuous foreign demand for
rice, not a spontaneous development of her national economy, stimulated Thailand to
develop rice cultivation in the lower delta of the Chao Phya (Tomosugi, 1965), and the
export of rice from Bangkok rose from 96,000 tons in 1860 to 970,000 tons in 1910, an
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increase of 4.7 percent per year (illustration 10). The objective of increasing food supply
was attained not by raising the productivity of the land, but by expanding the area under
cultivation. The development of canals and drainage projects was the key factor in this
expansion; the Rangsit Canal, for example, was begun in 1908 and rapidly converted a
thinly-populated swamp north of Bangkok into a thriving agricultural area where tens of
thousands of rice farmers came to settle.

In both the Chao Phya and Mekong deltas, rapid expansion of agricultural land was in
some ways detrimental to sound agricultural development. The way rice was farmed
underwent virtually no significant changes; yields rather than increasing seem to have fallen
slightly between 1880-1890 and 1930-1950, apparently due to the application of traditional
technology to land somewhat less suitable for agriculture (Owen, 1971), though the time-
lag factor in obtaining optimal yield from new rice fields may also have been a factor. The
increases in crop yields which characterized agricultural development in other parts of
Asia (Korea, Japan, China, Taiwan) were rendered unnecessary by the ready availability
of large expanses of new land in the river deltas of southeast Asia.

The expansion of agricultural land and traditional agriculture has now reached its limits in
the lowlands and (as noted earlier in the discussions on swidden and extractive agriculture)
has exceeded its limits in the uplands. The only alternative for increasing agricultural
productivity is to increase the yields on the available land, and this can best be accomplished
by the techniques of Modern Sustained Yield Agriculture.

ILLUSTRATION 11
AREA (INTHOUSANDS OFHECTARES) PLANTED IN RICE,

MEKONG DELTA, 1872-1908

Year Trans Bassac Upper Delta Lower Delta Total
1872 20 51 9 170
1878/9 47 60 129 236
1888 204 135 275 614
1898 382 160 363 905
1908 571 242 455 1268

Trans Bassac: Bac Lieu, Can Tho, Rach Gia, Soc Trang, Ha Tien
Upper Delta: Chau Doc, Long Xuyen, Sa Dec, Tan An
Lower Delta: Ben Tre, My Tho, Tra Vinh, Vinh Long

Source Owen, 1971

Extractive Agriculture

The basin countries possess a vast source of wealth in their natural forest vegetation; but
while the forests are very rich, the forest soils, particularly in the upland areas, tend to be
rather poor, with most available nutrients contained in the living and decomposing
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vegetation. Thus these areas are fertile only when maintained in forest, or in swidden
agriculture (subject to the constraints discussed above).

When the upland forest soils are cleared, crops can be grown for only a few years before
inevitable depletion of soil fertility follows. When such soils are over-utilized (“mined”),
the land reverts to a low-productivity grassland. This is now the situation in much of northern
Laos, northeast and northern Thailand, and parts of the Annamites; it was historically the
case in northern Cambodia, where much of the area was cleared of forest during the
Khmer civilization, resulting ultimately in permanently depleted soils which can still be
clearly seen by satellite imagery.

“Extractive agriculture” as defined here, refers to exploitation systems that deplete the soil
or deplete the vegetation cover to the point where regeneration becomes impossible or
impracticable and the land must be abandoned. The system is therefore not self-sustaining
and is in fact self-destructive. However, extractive agriculture has the advantage that it
gives an immediate high return at relatively low short-term cost, but at the expense of
depletion of basic natural resources, particularly soils, forests, wildlife and watersheds.
Therefore, if it must be used all, it can only be applied for a period of limited duration,
resources permitting, to raise the economy of'a country or a region above the subsistence
level. Care must be taken to ensure that at the appropriate time extractive agriculture can
be transformed into systems providing more sustainable yields, and this will require that
some of the profits obtained from extractive agriculture be reinvested in the more productive
systems.

Extractive exploitation of the natural forests has been going on for centuries, with earlier
efforts primarily carried out by the fringes of the lowland civilizations, where attempts
were made to utilize soils which were basically unsuited for agriculture. More recently,
extractive forestry has been practiced by recent hill tribe immigrants as a side effect of
growing opium. Ultimately, wide areas have become grasslands, forcing continuing migration
of these hill tribes. A terminal situation has now been reached in much of northern Thailand
and Lao PDR.

Only since the 1950s has clearing of the lower-lying evergreen and deciduous forest land
for commercial cropping expanded very rapidly, following the development and expansion
of international markets, especially for feed crops. Of'the basin countries, Thailand has
experienced the most extensive clearing of forests for extractive commercial agriculture.
During the period 1950 to 1975, the upland crops cotton, sugar, kenaf, cassava, and
maize added over US$ 4,000 million to the foreign exchange earnings of Thailand, an
appreciable increase in wealth for the country.

However, increasing amounts of marginal land unsuited for permanent production are
being forced into temporary cultivation, so the long-term contribution of these upland
commercial crops to the economy of the basin is likely to be considerably lower than their
present contribution (at least under the current method of extractive agriculture). The
effects of clearing forest may have long-term costs which are considerably greater than the
short-term benefits. The cleared land, being low in soil nutrients even when covered in
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forest, apparently does not regenerate into forest very quickly, being essentially permanent
wasteland which can contribute little to economic resource development. Perhaps the
best use of this wasteland is for an intensive reforestation program.

Modern Agricultural Systems

Modern sustained yield agroecosystems include ranching, integrated livestock, forest
farming, commercial plantations of specialized crops, and irrigated farm systems. While
these types may be combined in some situations, we will discuss them separately.

Ranching

Ranching is an appropriate extensive land use system in dry temperate grassland areas
lacking population pressure, but natural forest vegetation and population pressures on the
land in the Mekong basin make extensive cattle ranching a generally inappropriate approach
to land use in most of the basin, while small farms exclusively managed for beef production
fail to generate sufficient cash income to be attractive. Grain and feed concentrates are
regarded as ill-suited for the basin, due to the lack of premium beef price incentives,
human competition for grain sources, and the more efficient conversion of these feed
sources by poultry and hogs. Crump and Sanoh (1972) have shown that dairy farming is
not likely to be a major agricultural activity in the basin, though it may be profitable for
individual farmers in a few special situations. A changeover from small farm beef production
to dairying might be feasible at a much later stage of livestock development. Dairy product
imports, totaling over US$ 30 million annually in Thailand, consist mainly of butter,
condensed milk, and dry milk powder and are not likely to be replaced by local dairy
products for the foreseeable future.

Generally, the potential for extensive ranching in the Mekong basin is fairly low at present,
but a few areas might be suitable for ranching in the longer term. These include the plains
of northern and eastern Cambodia, which are sparsely-populated grassy savannas which
have a wide range of wild herbivores and might be best developed for "mixed ranching"
using both domesticated and wild herbivores. At present, Thailand exports large quantities
of maize and cassava, primarily as animal feeds. In the long term, it might be worth
investigating the possibility of using these feeds to produce the meat within the basin, and
exporting meat rather than animal feeds.

Integrated Livestock

Of greater potential for the basin is integrated livestock, where the domestic herbivores
are managed as part of an integrated crop and livestock enterprise. Under this system, the
animals primarily subsist on crop waste residues, weed growth, and associated natural
grazing on areas unsuited to cropping, and where little pasture improvement is attempted.
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The animals provide draft power for crop cultivation and farm transport and, as a by-
product, accelerate cycling of nutrients to maintain fertility on crop lands. Sale of surplus
animals and consumption or sale of animal products can be seen as a banking system and
a hedge against inflation. It is apparent, however, that this system is not capable of
producing a surplus of beef or buffalo sufficient to meet projected requirements, particularly
ifeconomic development is expected to result in higher protein consumption by the farmers.

It has often been suggested that the growing of fodder crops should be encouraged since
no part of the basin is considered unsuited for planted pastures, and improved species are
available which are well adapted to the various soil, moisture, and temperature regimes in
the region. Experimental farms have revealed some promising forage crops, both grasses
and legumes, which could support 1.5 head of cattle per ha for rainfed pastures. However,
such pasture use is not, in itself, a sufficient economic asset to warrant the considerable
investments needed.

A more promising approach would be based on the rotation of grass/legume pastures with
rainfed cash crops (maize, mung beans, peanuts, cotton, cassava, and kenaf). Studies
have shown that for this system, the individual farm size would have to be about 8 to 10
ha. About 6 million ha of upland areas are estimated to be suitable for development under
this system in northeast Thailand, thus providing for a minimum of 600,000 farms. While
most farmers will also grow some rice in nearby bottomlands, if such areas are available,
the typical farm will have about 3/8 of the land in cash crops and 5/8 in grass/legumes
pasture. In marked contrast to swidden agriculture, where the fields are rotated, this
system is based on the sophisticated rotation of crops. But since this system is new to the
basin, much assistance, both technical and financial, will be required if it is to become
established.

The proposed rotation pattern would maintain soil fertility for sustained agriculture in suitable
upland areas, farmed with the management abilities and available labor supply of
contemporary northeastern farmers. It would allow a relatively constant production of
cash crops at a somewhat higher yield than at present, while producing about 10 times the
present amount of cattle per unit of land. The number of cattle could be even higher when
by-products from cassava and mung beans are available as supplementary cattle feeds. It
is projected that annual cattle production would be about 160 kg/ha/yr. Still, it should be
remembered that this is a hypothetical system, which has not yet been actually demonstrated
to be economically feasible.

Forest Farming

The situation discussed in Chapter 4 suggests that steps should be taken promptly to
improve forest production in the basin, especially in Thailand. One way to accomplish this
is through the forest farming system, where a crop of trees is grown along with a cash crop
such as maize, cassava, or kenaf. As the cash crop depletes the soil and the yield drops,
the crop is no longer grown, but the trees which were planted with the crop will continue
to grow to a harvestable age, restoring nutrients to the soil so that the cash crop can be
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grown again after the harvesting of the tree crop. Forest farming can, in effect, transform
extractive agriculture into a long-term sustained yield system. Trees would thus be viewed
as capital on a farm, in much the same way as livestock, though capital management would
be an even longer-term proposition.

Karlberg (1976) has described such a system with kenaf grown with pine and suitable
indigenous hardwoods; the system would be suitable for various land reform areas where
the soils have already been depleted. The costs for growing trees in areas already planted
to kenaf would be very low, since the heaviest cost for establishing forest plantations is for
clearing the land. Annual yield of wood products should be at least 15 m3/ha/year, about
the same as the annual fiber production for kenaf; however, the raw material costs for
trees would be lower since planting and harvesting are easier. For kenaf and cassava,
harvesting and income would come every year, while the tree crop can begin to be thinned
only after 6 to 8 years. The trees would utilize the ground when the yield of kenaf and
cassava is dropping, and by having an even distribution of age classes, the trees would
give a cash crop every year, thus yielding a safe sustained annual income.

Karlberg (1976) recommends establishing a Forest Farmers Cooperative as part of the
system. This cooperative would act as middleman, buying wood from the farmers and
selling it to industry (sawmill or pulp-mill) as well as running a nursery for the pine seedlings
(with costs for seedlings deducted when wood is delivered by the farmer).

While Karlberg's forest farming system was designed for northeast Thailand, similar
principles can be applied in other upland areas which have been disrupted by extractive
swidden cultivation of opium, or in any swidden area where rotation cycles are becoming
dangerously shortened. While growing an upland rice crop for one year, the upland farmers
will be encouraged also to plant a tree crop in the swidden, which will then be used for
producing wood for 15-20 years. In essence, this is planned rather than random
regeneration, a system that has been applied widely in Myanmar (where it is called the
"taungya" system).

In addition to supplying construction wood, fuelwood, and pulp, forest farms can also
produce the raw material for liquid fuels to replace fossil fuels. Aerobic fermentation of
wood materials is an economically feasible process to make such fuels as ethanol, methanol,
and butanol, in amounts equaling 40 percent of the dry weight of the raw material.

Finally, forest farming would also provide extensive employment opportunities for much of
the currently underemployed labor force in both the lowlands and highlands. The major
drawback to the forest farming system is that it involves a 15-to 20-year cycle, thus
requiring considerable time and investment to become established. It would also require
some basic changes in land tenure regulations on forested lands.

Commercial Plantations

Certain garden crops, such as onions, chili, mushrooms, cucumbers, eggplants, string beans,
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pineapples, grapes, oranges, rambutan, longan, and mulberry leaves (for silkworm
production), can be economically very attractive in the lower basin. In addition, as canning
and freezing plants increase in the basin with cheap hydroelectricity, the prospects for
increased export of fruits and vegetables are quite promising. Ina few localized situations
with appropriate soils, large corporate or state farms for crops such as pineapples may be
feasible. Pineapple exports from Thailand, for example, totaled nearly US$14 million in
1974. Still, highly specialized commercial fruit and vegetable growing will occupy only a
relatively small area and will not be discussed further in this section.

In the high rainfall zone on deep red soils in Lao PDR, Cambodia, and Vietnam, plantations
of rubber, tea, and coffee are feasible, especially when extended and integrated with field
crops. In the case of rubber, both Cambodia and Vietnam have much experience in
growing and marketing the crop, and post-war conditions are likely to see a great expansion
of rubber plantations and considerable increases in production per hectare. The plantations
will become even more economically attractive when more rubber processing plants and
tire factories are built in these riparian countries.

Coffee grows best on well drained red soils. Tea is native to parts of the Mekong basin,
growing best on well drained acidic soils with high rainfall. Both of these crops can be
productively grown only in relatively confined areas of the basin and are not likely to
become dominant export crops; however, both crops can form the basis of labor-intensive
processing plants, furnishing employment for thousands of workers.

Irrigated Farm Systems

Ranching, integrated livestock, forest farming, and commercial plantations of specialized
crops have various degrees of feasibility for certain areas within the Mekong basin, but
none of these has the potential to be widely applied and to meet the greatly increased
requirements in the foreseeable future. The only sustained-yield farm system that is currently
available to be applied on a broad scale is the irrigated farm system, including water
control and systematic irrigation, along with supporting infrastructure and hydroelectric
energy. With full development of the ongoing and proposed irrigation schemes, nearly 4
million ha will be affected, totaling about half of the currently planted area. Apart from
some uncultivated floodlands, which will become cultivable with water control, the irrigation
schemes will serve existing farmlands.

Irrigation will have many advantages. Cropping diversity will be greatly increased, with a
wide variety of crops grown on what was previously monoculture rice-growing land; these
will include maize, peanuts, cassava, tobacco, mung beans, cotton and a wide variety of
fruits and vegetables. Cropping intensity will also be greatly increased, ranging up to 200
percent (double cropping). Yields will dramatically increase, with rice yields, for example,
increasing from 0.7-1.6 tons/ha to 3.0-4.0 tons/ha or even more with high yielding varieties.
In addition, yields in non-irrigated areas will also increase modestly, due to improved
extension markets, and other services that will be stimulated by the greater economic
productivity of irrigated areas. Net farm income and employment opportunities will be
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double, while land value will be tripled.

Because of the pervasive importance of irrigation, the next chapter will discuss how it will
be applied in the various agricultural zones in the lowlands, how it fits into the agricultural
development model, and how it contributes to the long-term development strategies for
the entire basin. Before going into these development aspects, however, it will be useful to
first consider some of the problems that have been encountered with existing irrigated
agricultural systems.

Problems with Irrigated Agricultural Systems

Whenever countries attempt to establish new irrigated agricultural systems, as has been
advocated by the Mekong Project, some difficult problems are invariably involved. Before
these problems can be solved, they must first be clearly identified. Ten problem areas
identified relevant to irrigation in the lower basin are:

1. Inadequate water supply

The adequacy of the water supply is related to several factors including the basic water
supply and reservoir or river operation impact (see Chapter 1). Even though the water
supply may physically exist, it may be impossible to deliver it to the individual farm unit in
the amount or at the time desired. The most common reason for this is the lack of adequate
canal or lateral capacity. The limited capacity may be attributable to inaccurate determination
of farm water requirements, differences of opinion regarding the irrigation methods to be
used, or inadequate maintenance.

The farm water requirement is a function of consumptive use of plants, deep percolation,
evaporation, and runoff. These in turn are affected by the number of crops grown per
year, the evapotranspiration rate of the particular crops, the texture and slope of the fields
(the drainage characteristics of the soil), the length of the runs, and the irrigation method
selected.

In the Lower Mekong Basin, which has two basic land types (uplands and lowlands), soil
differences can be very important. The flat heavy textured lands, which are commonly
underlain by hardpan and characteristically used for rice production, have a different water
requirement than the uplands which are usually lighter in texture, have pronounced variation
relief, and are open and freely drainable. One of the main problems in irrigating these
upland soils is poor management leading to excessive deep percolation.

The economics of design of canals and laterals are often in conflict with the farmer's desire
for water delivery. Generally speaking, the canal designer will assume that water will be
delivered on a rotation basis which minimizes the canal capacity required and related
costs, while the farmer would prefer to have water delivered on a demand basis (whenever
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he wants it). This increases the canal capacity requirements with attendant increases in
costs, as well as presenting additional management problems. The manager has to increase
or decrease the amount of water in the canal depending upon the collective farmers' orders.
Otherwise, at certain times more water is diverted into the canal than is needed, and water
is thus wasted.

The matter of how the water is delivered to the farmer (demand or rotation) is extremely
important to him. This is particularly true of the upland farmer because the upland soils
have a low moisture-retaining capacity and crops become stressed very quickly. For this
reason, farmers like to have a water supply available so they can irrigate immediately
before the crop reaches the wilting point.

As a general rule, farmers the world over are reluctant to buy improved seeds, fertilizer,
and pesticides unless they have considerable assurance of the required supply of water.
Water is necessary to secure the expected responses from improved practices, particularly
the application of commercial fertilizer. Farmers simply will not make the investment in
additional or more expensive inputs if they do not have an assured supply of water when
they need it.

Therefore, the design of the system and the method of delivery of water have much to do
with how farmers use water and the response they get from it. The plans for use of water
supply should be worked out in close consultation with those who will actually use the
water.

2. Inclusion of non-irrigable lands

Many projects have failed or proved to be less successful than expected because of soil
problems, including harmful accumulation of salts and alkali, water-logging because of
poor drainage characteristics, excessive erosion or water requirements because of light
texture of the soil or excessive slope, and limitations of productivity because of shallowness
of the soil.

Other kinds of soil problems develop as a result of the manner in which the project was
developed. One of the most common examples is the exposure of subsoil, hardpan, or
gravel by excessive or improper leveling. This is a serious planning mistake, and somehow
it continues to be made in the development of new irrigation projects; but it can often be
avoided by selecting the sprinkler method of irrigation (though this is only economically
justified for specialized crops).

3. Drainage
It is now generally recognized that successful irrigation requires the ability to remove water

from the land at will as well as to apply it, so in most cases the service canals and laterals
constitute only part of the total irrigation facilities required. Perhaps partly due to the
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difficulty of anticipating where and when drainage problems will develop, it is often tempting
to ignore the potential drainage requirements; hence it is important that drainage facilities
be included in the initial plans and estimates. If the drainage water is not polluted by
harmful accumulations of salts or alkali, it can be reused, and project costs can often be
minimized by making provision for the recycling of such drainage water.

Drainage and periodic flushing are particularly important in those lands that have, for
example, salts in the soil profile. In the process of irrigation, these substances are dissolved
and brought to the surface of the soil by evaporation, leading to concentrations of the
chemicals on the soil surface. This makes it impossible to germinate certain seeds, i.e.,
many crops will not tolerate even moderate concentration of these chemicals. In some
cases the problem can be controlled by drainage and water management; however, badly
affected areas should be excluded from the service area. Fortunately, with modern
technology, it is now possible to identify such areas in the process of selecting the lands for
service (land classification).

Another facet of the drainage problem in tropical areas, where double or triple cropping
can be practiced, is the need to remove water so one crop can be harvested and the seed
bed prepared for the next in as short a time as possible.

4. Operation and maintenance of irrigation facilities

Many irrigation projects encounter difficulty in delivering adequate water, not because of
inadequate supply, design, or canal capacity, but because of inadequate maintenance.
The operation and maintenance of irrigation systems is not very glamorous; it does not
attract the public attention as does construction of a large dam and reservoir. But
maintenance is as important as construction to the success of an irrigation project and
must be provided for in the planning stage.

An improperly maintained irrigation system will quickly deteriorate to the point where it
will be impossible to make adequate deliveries. Farmers adjust to this situation by reducing
the irrigated area or limiting the crops to those that can be produced under natural rainfall,
thus defeating the goals of the project. Common problems of maintenance include loss of
capacity because of silt accumulation or weed growth, and inability to distribute water
because of deterioration of diversion structures and head gates. Loss of water by seepage
is another common problem, affecting the project water supply and waterlogging the lands
immediately below the canals, thus seriously limiting their usefulness.

One solution to the maintenance problem is to employ a highly qualified staff, including
ditch riders, who will deliver water to individual farm units under the method of water
delivery being employed; but it generally takes a rather large and prosperous irrigation
enterprise to afford this kind of staffing. An alternative that has worked particularly well
on small irrigation enterprises is for the water users themselves to take over the operation.
When this system is followed, it is generally the practice to elect a manager and a Board of
Directors from among the water users. In some cases the Board employs a trained manager.
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The manager and Board are then responsible for managing and directing the activities of
the enterprise. This system has been known to work very well, particularly in those cases
where the water users own the system; the farmers then have a proprietary interest in the
irrigation system.

5. Water control

Certain facets of this problem have already been discussed. It has been noted that a
farmer should have control of his water supply so that he can put it on and take it off his
fields at his will, especially where multiple cropping is expected. In order to facilitate such
control it is essential that a service outlet be provided for each individual farm unit. With
small and irregularly shaped units, this often becomes difficult. Modern ways of delivery,
for example by constructing concrete "canalettes" may be too costly to be practical. Itis
therefore preferable to plan an open ditch gravity delivery system for the basin, requiring
careful and detailed planning. Land consolidation may be an important part of this planning.

One of'the problems in making such delivery, particularly in areas that are already farmed,
is the acquisition of the right-of-way for the canal or lateral. Because of'the lay of the land,
such canals or laterals often dissect established farm units. The owners of such lands are
not always pleased by the prospects of having a canal cut through their farm and generally
oppose such construction. Because of this problem, most countries where irrigated
agriculture constitutes an important part of the economy have enacted legislation which
requires that any person must make available a right-of-way across his land if needed to
serve adjacent lands (this, of course, is done with reasonable compensation). The possibility
of isolating land from a source of water is thus eliminated.

6. Full farm development

For areas that are not currently used for agriculture, it is necessary to clear and level the
fields for irrigation so the water that is delivered to each farm unit can be effectively used.
The leveling (slope of the fields) will depend upon the land type, texture or soils, and the
type or irrigation to be practiced (rill, furrow, flood, border, or sprinkler). For instance,
with flood irrigation it is desirable to prepare the lands as flat as possible, but with furrow
irrigation it is generally desirable to level the lands so the field has some fall. The fall or
slope of the field and the length of the run is related to the texture of the soil and the heads
of water to be used.

In the Lower Mekong Basin much of the future irrigation is projected in lowlands that are
now in use as bunded rainfed fields. The problem in this case is to adapt the field pattern
to the irrigation/drainage system. In many cases, land consolidation and field re-leveling is
necessary. The irrigation system, the land preparation, and the method of irrigation to be
used should be properly integrated so they will be compatible. This will be much more of
a problem on the uplands than in the flat soils which are generally used for rice production.
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7. Farm management practices

After the irrigation system is developed and the farm unit has been prepared for irrigation,
the farmer is then ready to engage in irrigated agriculture. At this point he is then faced
with a multitude of decisions such as which crops to produce, which varieties to use, the
fertilizer to be used and how much, what plant diseases and insects can be expected and
how should he control them, how often should he irrigate, how much water should he

apply, etc.

Ifthe farmer has had irrigated agriculture experience, he may very well know the answers
to many or even all of these kinds of questions; but if he has had little or no experience,
then he will likely need much guidance. Thus provision of demonstration farms and farm
extension services should be considered an integral part of the irrigation development
program.

8. Farm supplies and equipment

The development of a newly irrigated area often creates large demands for farm supplies,
equipment, and machinery. In established areas such products can normally be procured,
but in new large areas this may not be the case, so it is important that necessary trade
centers be established and that the farm supplies that will be needed in the development of
the newly irrigated lands will indeed be available.

9. Credit

It is evident from the foregoing that the development and operation of a newly irrigated
farm is expensive. Ifthe farmer has to buy the land, clear it, level it, and build his home, he
will likely need some sources of long-term credit to finance his operation. In some cases
these may be provided as part of the project cost and plan.

Intermediate-term credit may be needed for the purchase of live-stock, farm equipment,
and machinery; and short-term credit may be needed to finance the current production
expenses. Moreover, all these types of credit should be available at reasonable interest
rates; otherwise farmers have little incentive to borrow money and assume obligations to
repay. If available at reasonable interest rates, credit can considerably accelerate the
return from irrigation projects.

10. Public services
Life inanewly irrigated area may sometimes be a discouraging experience, but with sufficient

thought and attention to provision of essential public services some of the hardships can be
removed and with modern technology and capital the process of farm unit development
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can be greatly accelerated. The basin now has examples of irrigated farms that have been
completely developed within two or three years.

The difficulties of adjusting to the new environment can be reduced also by providing
some of the public services or amenities that are usually associated with “the good life”.
These include such things as roads (closely related to the question of markets discussed
earlier), potable water supply, schools, public meeting places, electric services, and medical
and public health services. The availability of these kinds of services will provide a higher
quality of life for the new farm family and thus accelerate the development of the irrigation
enterprise.

The provision of these kinds of services can often be expedited by settling the farm families
in cohesive villages; the farmers can then go into the fields each day to perform their farm
tasks. The village method of settlement results in economies in the provision of public
services and facilitates the development of a cohesiveness in the society and a spirit of
cooperation.

From the standpoint of efficiency in the management and operation of the individual farms,
the village type of settlement has certain disadvantages. Nevertheless, in anew development
the advantages to the community pattern of settlement warrant its serious consideration.

Conclusion

Traditional agriculture, including both swidden cultivation in uplands and paddy rice in the
lowlands, has now probably reached or exceeded its productive limits in the Lower Mekong
Basin. Further increases in production will depend on a more intensive use of the lowland
areas through modern sustained-yield agriculture. While forest farming, ranching, and
commercial plantations all have important roles in the agroecosystems of the basin, only
irrigated agriculture systems have the potential for the massive increases in food production
needed to meet minimum projected food requirements for the lower basin. Such irrigation
on a wide scale will also require large supplies of water but with adequate storage these
needs can readily be met by the substantial water supply resource of the Mekong river.
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Chapter 8

The Agricutural Development Model

Introduction

In 1958, an FAO mission led by G.H. Bacon was assigned to study the available basic
data which related to the agricultural, fisheries, and forest production of the Lower Mekong
Basin, with special reference to the potential for water resources development. The mission
was asked to determine the scope and nature of the further investigations which would be
necessary to provide an integrated knowledge of the agricultural resources of the basin,
and to indicate how these resources could be best utilized in the light of the anticipated
development of the water resources of the Lower Mekong Basin. The Bacon mission
made 27 recommendations, including: compiling data on climate, soils, and natural
vegetation; studying fertilizer requirements, fisheries, salinity, current land use, development
of forest industries, irrigation, and hydrology; establishing a set of experimental stations
and pioneer agricultural projects; and training students in agricultural fields in foreign countries
(FAO, 1959).

In 1961, the Ford Foundation sponsored a team of White, de Vries, Dunkerly, and Krutilla,
which was invited by the Mekong Committee to study economic and social aspects of
Lower Mekong development (White, ef al., 1962). In the field of agriculture, they
recommended that: (a) a team of agricultural experts be organized to assess water
management as a means of agricultural development; (b) an area of 3,000 to 5,000
cultivated hectares be established as a comprehensive demonstration project where the
full impacts of Lower Mekong management upon rural life could be observed (this is
essentially a pioneer agricultural project); (¢) studies be conducted on opportunities for
fish cultivation in ponds, reservoirs, and natural lakes; (d) prospects be assessed for
marketing of rice and other potential agricultural products from irrigation, flood-control,
and drainage projects; (¢) maps of soils, water balance, and vegetation types be compiled
from already existing material; and (f) land capability, land use forest cover, and settlement
patterns be inventoried by aerial photo interpretation.

These two reports were not designed to solve problems, serving rather to form the early
conceptual background for the agricultural work of the Mekong Committee. This was
followed in January 1969 by a request from the Mekong Committee to FAO and UNDP
to carry out a review of the experimental and demonstration work on irrigated agriculture
initiated by the Committee on the basis of the Bacon and White recommendations. The
joint FAO/UNDP mission was also asked to recommend guidelines for long-term planning
of agricultural development in the basin.

In July and August 1969, the joint mission visited the four riparian countries under the
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leadership of Mr A. Goldschmidt. The mission found that the work of the agricultural
stations sponsored by the Mekong Committee was not sufficiently well coordinated and
the research projects were not clearly related to each other; nor were the results of the
studies and research being made available for application and use. The stations were
found to differ in stages of development, in operational arrangements within the governments,
and in the adequacy of their budgets. While as a whole they were considered to constitute
a good beginning, their work needed to be augmented and related to the other research
and experimental work carried out in the basin.

The joint mission recommended that the Mekong Committee should expand to include an
Agricultural Division within its Secretariat, with the Director of the division working directly
under the Executive Agent. The joint mission also recommended that an Agriculture Sub-
Committee of the Mekong Committee be established, consisting of four Directors-General
of the Agriculture Ministries of the riparian Governments, to ensure that cooperation would
not only cover the stations and related works of the Mekong Committee, but would also
include all similar undertakings of the riparian governments for agriculture research,
demonstration, extension, training, agricultural planning and institution-building relevant to
the Mekong program. The Goldschmidt report also pointed out that any major change-
over from existing subsistence agriculture to more intensive use of the land must be justified
by substantial economic gains and, above all, by an equitable and wide distribution of
benefits among the people of the four countries concerned.

The program which has been subsequently developed by the Agriculture Division follows
the basic concepts presented by the review teams. With the recent important breakthroughs
in agricultural research, particularly in the development of new high-yielding varieties requiring
modern techniques in the use of fertilizers, herbicides, pesticides, and water control, Mekong
development becomes even more critical to the future of agriculture in the countries of the
basin. Itis therefore essential that research and experimentation be directed to applying
the new methods to the various physical and human environments within the basin. Changes
will have to be introduced step by step, with research and experimentation oriented
accordingly so that all proposals for improvements will be realistic in terms of the existing
constraints of the farmer: financial, economic, educational, and others. The Mekong
Agricultural Research Program must assist in creating the basis for a strategy of development
that will ensure the quickest possible realization of the benefits of water control provided
by the various projects.

Plans for the development of agriculture in the basin should not be limited to irrigation with
full water control but should encompass all patterns of cropping from dry farming to irrigation
by gravity with full water control, with numerous intermediate solutions such as irrigation
with partial water control, drainage only, pumping ground water, and pumping directly
from the mainstream or tributaries. Watershed management with improved shifting
cultivation should also be included in the development program.

The experimental and demonstration program should supply the essential data for feasibility
studies of major and medium-sized irrigation schemes, and at the same time provide a firm
basis for the planning or other agricultural aspects of the Mekong program, including the
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establishment of priorities and timing of development. The results of these studies will help
the basin governments in planning their country development plans. The experimental
programs of the individual stations, their locations, and their relation to other stations in the
basin, should not be limited by currently envisaged projects, or indeed to any immediate
program. Circumstances and conditions in the basin are certain to change over time, and
the experimental stations must be geared to help agricultural practices evolve with the
changing conditions. The experimental stations will also keep abreast of pests, diseases,
and other dynamic environmental factors.

The combined research, experimentation, demonstration, extension, and institution building
must be woven into the work of the Mekong countries and dispersed throughout the basin
in order to take account of differing soil and moisture conditions, crops, and cultural
patterns. This is the purpose of the pioneer projects, which represent an intermediate step
between the demonstration area and full project development. In a sense, these projects
are pioneering the larger projects, and should be on a scale that will make possible all
necessary economic, social, and institutional inputs, including credit and marketing facilities.
The scope will vary, but in principle the size of a pioneer project should not be broader
than required to represent an economic unit where all factors and their interactions can be
tested on a “real-world” scale.

In conclusion, the agricultural development model adopted by the Mekong Committee is
based on three major consecutive steps: agricultural experimentation and demonstration
(Chapter 8); pioneer agriculture projects (Chapter 9); and full project development (Chapter
10). Some introductory aspects of each of these steps are discussed below, with further
details in the subsequent chapters.

Role of Agricultural Research

Farmers have always been innovators. Traditionally, innovation has been a slow but sure
process based on long-term knowledge of local environmental conditions and on a judicious
balance between needs and resources. Typically, the process can be speeded up only by
new approaches that lead to improved productivity. Thus agriculture has passed from the
gathering of wild crops to cultivation, from the swidden field to the rice paddy, from the
digging stick to the plow.

The industrial revolution brought new pressures for increased agricultural production, through
the factors of exploding human population and accelerated demand for crops for exports,
stimulated by newly-accessible markets and the creation of newly perceived needs. The
traditional process of slow but sure innovation was unable to respond very well to the
needs of modern agriculture. The inability of traditional technology to meet increasing
needs has unfortunately tended to set the stage for accelerated clearing of new land (often
unsuitable for permanent agriculture) and the reduction of the fallow periods. This “extractive
agriculture” inevitably leads to rapid depletion of potentially renewable natural resources.

Thus it is necessary to call on modern agricultural research, based on rigorous scientific
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techniques and a worldwide fund of information and assistance. However, whether it is
used as a means of accelerating the traditional process of innovation or as a tool for the
introduction of exotic technology, agricultural research often meets resistance from the
traditional farmers. The effect of such resistance is not always negative — it often eliminates
technologies that do not bring decisive and certain improvement to the farmer. The resistance
is based on numerous constraints, including financial, economic, and technical problems
(growing calendar, crops, water control, etc.), or even the simple matter of taste. Research
should not ignore any of these aspects of the farmer’s life, but should attempt to integrate
innovations into the traditional cultural framework.

Agricultural research, taken in a very general sense, is thus a starting point for all development
projects, for efforts to halt the destruction of renewable resources, and for the introduction
of new, more productive technology. This section does not record all of the agricultural
research done in the basin or even give a summary; the more detailed results are found in
the following chapter. The purpose here is rather to clarify the lines of research which have
been followed, to present a few examples of significant results, to enquire about the reasons
for sub-optimal results or even failures, and to suggest several lines of research for the
future.

Introduction of New Technology

The phrase, “introduction of new technology™, is used here to refer to the research work
that has been accomplished so far in the basin, especially studies of crop varieties or
techniques which have been imported for testing at the various research stations. The
“New Technology™ is usually compared with a control which hypothetically represents the
local conditions.

Regarding varieties, excellent results have been obtained for second crops like maize with
the Guatemala variety in Thailand or with the soybean varieties SJ1 and SJ2 (from Japan
and Taiwan), also in Thailand. But the situation is different with rice, which has been
cultivated for centuries in the region where the twin forces of selection by man and by
nature have resulted in varieties perfectly adapted to the local conditions. The Mekong
Committee paper, “Note on the Role of High Yielding Varieties of Rice in the Lower
Mekong Basin”, shows that only in the Mekong delta have the imported hybrid varieties
found the necessary conditions to express their potential: control of water; subsidies which
permit the use of fertilizers; and strong demographic pressure.

This last factor has several correlates, including pressure for higher yields (and therefore
the utilization of fertilizer) and the necessity for several crops a year (therefore encouraging
varieties that have a short growing cycle and are photo insensitive). Outside the delta, the
high-yielding varieties are grown only in a few irrigated areas, mainly in the dry season;
they seldom compete with local varieties under traditional conditions.

Introduction of new technology also includes research on the use of fertilizer, based on
variations on the N/P/K (nitrogen, phosphorus, potassium) complex and their recommended
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dosages. Except in the past few years, this field at research has suffered from needless
duplication, inadequate research design, and too few trials in the farmers’ fields. Outside
the Mekong delta, the benefit of fertilizers in doses as recommended by various government
agencies, remains marginal on most crops; the few times that the economic feasibility of
fertilizers has been calculated, profitability has been shown to be nil or very low. Research
regarding organic fertilizers, liming, and the deficiencies of micro-elements has been much
less extensive but has suffered from the same weaknesses mentioned above, hence has
had minimal impact on the farmers.

The introduction of agricultural machines has had some impact in the basin; such machines
include tractors, pumps, and small hand tractors with attachments. Tractors are typically
owned by entrepreneurs who rent their machines and services to farmers on a contract
basis per unit of land plowed (often to be paid after harvest); tractors are also used for
local transport of agricultural produce, shelling corn, and many other farmyard tasks which
significantly reduce the labor of the individual farmer. Pumps and tractors are more typically
owned by the individual farmer, and they often accompany more intensive use of the land
(2 or even 3 crops a year are being obtained in some areas). Improved hand tools have
also been developed at some of the research stations, and these will be discussed in more
detail in the following chapter. However, it seems that relatively few examples of new
equipment adopted by farmers have resulted from research in the basin.

Research into new techniques of forest production has been conducted for many years,
concentrating mostly on teak, new species for pulp (bamboo, kenaf), and development of
plywood and fiberboard. Some research on reforestation has been conducted, but it is still
inits infancy and must greatly expand if it is to meet current and future needs. Productive
research can be carried out on fast-growing species for firewood and charcoal, watershed
aspects of forest conservation, rotation of trees with crops, and sustained-yield forestry.

Insufficient research attention has been given to the control of pests. Rodent control, for
example, has been conducted mostly as it relates to rice, both growing and stored, but
little reduction in rates of damage has been obtained. The control of insect pests has
centered on the use of chemical pesticides (often stimulated by the large chemical
manufacturing firms), but research in other parts of the world is clearly indicating the
drawbacks of the abusive use of such chemicals (especially since they often enter human
food chains). Research on new chemical pesticides will certainly continue outside the
basin, with research within the basin possibly concentrated not on trying to duplicate outside
research, but taking advantage of it by finding the most suitable formulas and minimal
applications required for specific local conditions. Biological control, i.e., using beneficial
attributes of nature against her detrimental aspects, is receiving greater research emphasis
in many countries and could be essential to the agricultural development of the basin.

Livestock research is another generally neglected field, possibly because milk and beef
have not been important in the traditional diet of most basin residents. While the wild cattle
of the basin (gaur, banteng, kouprey) are massive, handsome beasts, domestic cattle tend
to be rather scrawny, with little meat or milk (being used mostly as draft animals). Private
investment in ranching in Thailand has not, so far, been profitable because of difficulty in
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developing an appropriate diet for breeds which are optimal for basin conditions; marketing
has also been a serious problem. However, much of the basin area seems appropriate for
grazing, so research and development of suitable grasses and legumes should be greatly
expanded in the future. The possibility of using native deer and wild cattle should be
carefully considered, since these species are already well adapted to local conditions and
may require minimal care and investment.

Applying Research to Local Conditions

We include in this category all the programs of work on the selection of local varieties,
adapting the results of research to local needs and the improvement of local techniques.
Excellent results have been obtained with rice: a broad genetic diversity together with
good adaptability to a wide range of environmental conditions has made it possible to
select from local populations some broadly suitable and hardy varieties with very satisfactory
yield potential. These varieties now occupy the great majority of the paddylands of the
basin. One of the most striking examples is the Niaw Sanpatong variety, selected in the
1950s in Chiengmai province (northern Thailand) and now by far the most common glutinous
rice variety in north and northeast Thailand and in the Vientiane plain of Laos. It has
excellent grain qualities and moderate resistance to drought, flood, pests, and diseases; its
flowering in October just at the end of the rainy season assures a minimum yield even
when late rains result in late transplanting in July or even in August. The potential yield of
this variety is quite high and can almost reach the hybrid yields of 6 t/ha with comparable
doses of fertilizer (80-40-40 N/P/K kg/ha), and with appropriate cultivation techniques.

Improvement by selection alone still has obvious limitations, and the introduction of IR
varieties has enabled successful hybridization programs to start, once the reasons for
previous failures have been understood. If from the beginning researchers in Thailand have
endeavored to adapt the IR varieties to local tastes, it is only after comparing the new RD
hybrids with the local varieties that the qualities of the latter have been understood and
appreciated. As a result, some of the characteristics of the local varieties are now being
tentatively incorporated into the new hybrid generation. Even better, current research in
the field of drought and flood resistance suggests the possibility of creating short varieties
well adapted to variable conditions, in particular those of northeast Thailand. The work on
floating rice in Bangkhen has shown the existence of genes for elongation between nodes,
enabling the plant to adapt itself to the level of the flood (Yantasast et al., 1970).

Some work — still very modest —on mineral fertilization also belongs in this category. The
objective is to determine the best usage of small doses of fertilizers, for example 10 to 20
kg/ha of nitrogen. This differs greatly from the still common approach of seeking the maximum
yield or the economic optimum (maximum benefit). The research yield is the highest level
obtainable with available technology (and this is the level approached by agriculture in the
industrialized countries), but this is not realistic in the basin, since the farmers’ limited
credit, high prices of fertilizers, high interest rates for loans (if such are available), insufficient
control of pests, and lack of sufficient water control prevent farmers from approaching the
“research yield”.
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Work now being done in Thailand on maize and rice seems to show in both cases a
profitable response to low doses of fertilizers when applied primarily as a top-dressing.
Firms in the northeast typically apply ammophos (16-20-0 N/P/K) as a top dressing of 50
to 100 kg/ha on fields which appear to need it most, and this may be the most profitable
input of fertilizer suiting the existing constraints. In the case of maize, practically no fertilizer
is used; the profitability of fertilizers as measured by previous work is even lower than for
rice and the response is unpredictable because of variable rainfall. The rather high risk in
using fertilizers can be minimized by applying low doses as a top-dressing only.

Economic Impact of Agricultural Research

The brief survey of agricultural research in the basin outlined above might indicate a trend
toward pessimism in that much of the work has not resulted in practical application and the
overall agricultural productivity of the lower basin has not been improved much by the
research. Accordingly the Mekong Secretariat has undertaken a study on the economic
impact of research in Thailand. Two case studies, one on rice and one on maize, are being
completed. Inboth cases, because of difficulties in obtaining precise statistical data and
data on the adoption of recommended techniques by farmers, two separate approaches
are being carried out in order to cross-check the results. The first approach consists of
evaluating, for the main research directions, the yield increase due to the recommended
technology and the cropping area on which this technology has been adopted. The second
approach is an attempt to explain the evolution of provincial or national yields over a
period of years, taking into consideration all the factors which could have had an effect on
the yields, including irrigation, decrease in cultivated area per family, and changes of the
fertility of the soil under continuous cropping. The net increase in yield after subtracting the
effect of these factors is attributed to research.

It is concluded that the effect of research on rice production has thus far been relatively
weak. Varietal improvement, including dry season crop and developments made possible
by the new varieties, have led to a yield increase of 7.5 percent and fertilizers have
increased yields by 12.2 percent. The other factors (cultural techniques, control of pests
and disease, etc.) play only a marginal role or are practically impossible to evaluate. The
economic impact, on the contrary, is far from being negligible. The Mekong Secretariat
has calculated this economic impact by evaluating the internal rate of return for research in
Thailand, based on budget allocations for research and experimentation of the Ministry of
Agriculture compared to benefits to the nation (Mekong Secretariat, Information Notes
Mkg 50/Mkg 51, 1977). For example, the internal rate of return for research on RD
hybrids is over 20 percent even though the impact on production has been only 2.5 percent.
On the whole, the internal rate of return for research on rice in Thailand carried out from
1955 to 1971 amounts to almost 47 percent, which is considerable. Similar conclusions
were reached on maize.

It can be concluded, then, that research has been a profitable activity in spite of all of its
insufficiencies. However, this is neither wholly reassuring nor satisfactory. The first steps
are usually the easiest and the most profitable ones; such is the case with varietal selection
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for example, while breeding involves much greater effort and is rarely followed by rapid
success. Research can thus be expected to become increasingly costly, and will be justified
only ifits impact increases significantly. The ample potential for increased impact is suggested
by the yawning gap between yields in the research stations and on the farmer’s fields. We
therefore cannot consider as satisfactory the present achievements of research which
produced only some 15 to 20 percent production increase in 20 years; this is considerably
less than the increase in population.

Although extension services have been usually lacking, the rapid diffusion of some
innovations, with no or limited government involvement, such as cassava and certain new
varieties of maize and of rice, demonstrates circuits of diffusion other than extension. Hence
the reason many innovations are not adopted is due primarily to the nature of these
mnovations.

Research at the Scale of the Basin

The present organization of research has two basic levels. One level is represented by the
international research institutes (here mainly IRRI in the Philippines), well-equipped and
attracting some of the world’s best experts in the relevant fields. The second level is
represented by an assembling of research stations at the regional or even provincial level,
covering many types of work, but not forming a structured network. Our purpose here is
to suggest some organizational principles and to ask which tasks should be assigned to
which level.

Role of International Research

The “Green Revolution”, which was incited by the international research institutes such as
IRRI, has been celebrated in the world press as the answer to world hunger. The predicted
world famine, it was said, would certainly be prevented by miracle rice and miracle wheat.
But when the green revolution failed to live up to its full potential, it similarly received
exaggerated criticisms from many planners and social scientists. As Janzen (1972) has
shown, with the introduction of high-yielding hybrid varieties, the local strains and practices
which are closely adapted to local farming conditions, are quickly abandoned (especially
when low-interest, long-term loans are made available by international development
agencies). These high-yielding varieties are strongly dependent on pesticides, fertilizers,
and complex breeding programs to keep control of the pest problem in single strain
monocultures, leading to increased work and risk in the production process. Further, the
new varieties themselves may have some problems. Intense selection for higher yields and
other energy and nutrient-consuming traits, may force the plant to reduce its defense outlay
in order to balance its internal resource budget. Thus “miracle grains” may be especially
susceptible to insects and disease for internal reasons, as well as for reasons of genetic
and botanical uniformity. Further research may eventually overcome these problems.



The Agricutural Development Model

The fall from grace of the “green revolution™ is comparable to the height which it attained
during its heyday. But IRRI and other international institutions are neither so low nor so
high; even taking into account recent modifications to the program, the results still appear
quite promising. The concentration of intellectual, financial, and technical means at the
international research centers can certainly produce radical and productive innovation, but
it must be realized that these innovations cannot have universal impacts and must be carefully
adapted to local reality.

Problems of Research Within a Region

In addition to glaring insufficiencies in staftf and budget, one of the main characteristics of
research at the local level is that it tends to be exceedingly narrow and the results are valid
only for the conditions within the station. Interviews with researchers in north and northeast
Thailand have revealed a surprising lack of knowledge by the researches of the actual
techniques used by farmers in their region. This myopic perspective also affects
communication with basic or applied research carried out elsewhere, even within the same
region; even the international literature (which is considerable) is very often ignored. This
splendid isolation permits a comfortable work routine which can hardly be expected to be
effective. The presence of foreign experts unfamiliar with the region and too often
preoccupied with the interests of their parent organization or country cannot improve this
situation very much.

As a consequence, an intermediate level has evolved, that of the national institutes or
national research programs. These have been given increasing importance, are staffed
with competent national and foreign researchers, and work closely with the international
institutes. Their field of activity, however, is still limited (2 or 3 crops at the most) and their
efficiency has been also limited due to lack of a strong anchor in the rural environment
through the local stations. Itis clear that the weakest level is at the base (the local stations)
and this is the level which should be reinforced as a first priority, as is now the case in
Thailand.

Towards a Network of Local Stations

One station for each broad ecological zone, say a dozen for the whole lower basin, seems
sufficient, if these stations are well equipped and in close contact with the farmers and with
other stations, both within the basin and internationally. The various types of soils within
the zone could be covered through “outreach programs™.

Organizing these stations in a network should result in higher productivity at a lower cost.
The network can be extremely versatile and could be started at any time in any of the
countries. The first step consists simply of organizing periodic meetings of researchers
and, if possible, putting at their disposition certain common services, however modest
they might be. As an example, consider the impact that one statistician (bio-metrician)
might have on northeast Thailand; adequately equipped and assisted, he or she would be

105



Agriculture in the Lower Mekong Basin: Experience from the Critical Decade of 1966—1976

106

able to analyze all the trials carried out in this region, although this analysis will be fruitful
only if communication exists between the statistician and the researcher. The statistician
can help the researcher to better formulate his problem, to translate it into an appropriate
experimental design, and to obtain a quicker answer to the problem which is being
investigated (the report of the FAO project, “Coordination of Plant Production Research
in Thailand”, gives many examples of the methodological weaknesses that could be thus
avoided).

In many ways, the Lower Mekong Basin seems to be a geographical unit which could
form a sound framework for such an integrated research program. Despite some
environmental differences, the common traits are sufficiently numerous to treat the basin as
aunit. This is well attested by the similar behavior of numerous crop varieties. We have
already mentioned the case of Sanpatong rice, which is grown in Laos as well as north and
northeastern Thailand. Another example is the PBS variety of maize. Also, the Thai variety
of soybean gave the best results among the varieties tested in 1973 at Prek Leap
(Cambodia) and Hegari is still the recommended variety of sorghum in all four countries.
This list is very incomplete, but without doubt coordinated systematic trials within the
basin would confirm the trend. Finally, we should note that the similarity between the
major river basins of southern and eastern Asia gives good reason to expect that the
results obtained in one basin would find large areas of application in the other basins as
well.

What Type of Research?

The role of applied research (the only type considered here) is not to create varieties or
techniques capable of producing 10 t/ha of rice, but to allow the farmers to go from 1-2 t/
hato 3-4 t/ha (and perhaps ultimately to 6 t/ha in a few localities). The reference to the
farmer, his conditions and techniques of work, and the constraints of the physical
environment are then fundamental, so research clearly must relate intimately to the local
environment.

The studies of the agricultural environment, including detailed studies of a village or a small
natural region, gathering geographical background information (soils, relief, vegetation,
hydrology, climate) and sociological data (history of occupation land use, modes of land
tenancy, sources of agriculture and non-agricultural revenue, distribution of the surplus,
the agricultural calendar, etc.), would form a solid base for the type of research which
would be most appropriate. The goal would be to understand the rationality of present
agricultural techniques, and to understand their efficiency in a given regional context. Such
understanding will also lead to the realization that any action on a single part of the system
will eventually affect the whole system. Admittedly the system is rarely in stable equilibrium;
hence we must also understand its dynamics and internal pressures so that we can identify
the constraints which will have to be overcome to ensure its harmonious evolution. It may
be difficult to incorporate such studies in a research program at a station, but they could be
carried out by students of faculties of agriculture as research theses for higher degrees.
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The necessity for another type of study, which is complementary and apparently easier,
might be better understood by the planner; it consists of categorizing and comparing different
types of farms. The grouping of farms into categories calls for sound understanding of the
ongoing agricultural practices because the first step is to choose relevant criteria which
allow placing the farms into homogeneous classes (these criteria might include cropping
area, farm tenancy, main crops, main cropping systems, or any combination of these).
Comparing mean economic results of the different classes may yield valuable indicators
and guidelines, the more so when it is possible for a farmer to progress from a less productive
to amore productive farming system. Perhaps even more fruitful is the analysis of results
within one category of farm: which are the most productive individual farms, what techniques
do they use, what cropping systems do they use and what constraints prevent others from
obtaining the same results? It can be readily seen how this exercise can lead to the
formulation of research programs.

Testing of the proposals resulting from research by appropriate in-station trials represents
only the first step in relating the research to the local environmental conditions. The second
step consists of outreach programs on various soil types. This second is often neglected
for the third step: a series of replicated trials in the farmers’ fields. The importance of a
series of trials both as a research and an extension tool is being better understood by local
researchers but such trials are still very rare (except the work done by the FAO soil
fertility project). Butin case of interaction between treatments and soils, the omission of
step two will seriously affect the efficiency of step three: interpretation of discordant
unreplicated trials is quite hazardous, and their demonstrative effect is obviously lowered.
Hence when time is limited it is preferable to shorten or even to cancel the first step and
directly test the treatments within various environments.

However, certain techniques cannot be reliably tested through this type of field trial. Inthe
case of rotations, the techniques of conserving fertility, and mixed farming, it might be
necessary to envisage another stage, which will be discussed below.

Research on New Farming Systems

Rarely does the farmer grow only one crop and as soon as he grows several crops they
will start interacting (if only in arranging the working calendar). Moreover, intensification
generally leads to more complex systems through accelerated rotation and overlapping of
crops, multiple cropping, and crop association.

Therefore it is not sufficient to work on each individual crop as if it were always the main
crop, benefiting from the best of care and being planted at the best time to give the best
yield, etc. Research must also be conducted on cropping systems, and in analyzing each
crop in relation to the other crops in the system, including looking for varieties that can be
grown under suboptimal conditions and working on the methods of economical land
preparation which would permit quickly and cheaply planted secondary crops. This
perspective should also be applied to evaluating effects on the fertility of the soil (long-
term trials of various rotations) and on the economics of the system (which might, for
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example, reveal a more efficient use of fertilizers under multiple cropping where fertilizer
application on a single crop is not economic).

If in the first stage these studies must be conducted on the station, considerable new
difficulties and risks arise in applying the results directly to the farmers of the region. The
complexity of such trials forbids the casual use of farmers’ fields which, in addition, can
hardly be expected to lead to a sound economic analysis. Since our thinking is directed at
the farm level it is at this level that the salient trials should be conducted; we must have
farms which are the focus of research operated by suitably motivated farmers who will
implement the proposed solutions, and which are under permanent survey for observing
the agronomic and economic results (inputs, working time, yield, etc.). It is only under
such conditions that coherent techniques which are compatible among themselves and
acceptable to the farmers can be elaborated.

Another significant aspect of this perspective is the maximum yield of a given crop which
could be obtained through the optimization of all production techniques. Such optimization
is clearly not possible in the farmers’ fields, but when a single factor is being studied (such
as planting density), all the others are ignored, i.e., put at their optimum level (fertilization,
planting date, disease control, etc.). The notion of a “package of techniques” is now very
familiar, but it is generally impossible to convince farmers to accept the whole package.
Given the near total absence of factorial trials involving all the components of the package,
any simplification is very risky and therefore no logical strategy can be proposed to extension
services. Even after years of experimentation, it is still not possible to quantify the increase
inyield at the farm level that would be achieved by the adaptation of each component, or
each combination of two or more components. It should also be noted that such
quantification is fundamental for planning, especially with simulation techniques.

In conclusion, after more than two decades of agricultural research, many problems have
been solved and numerous successes have been achieved, but while impressive, these
results can hardly be considered as sufficient. On the technical side alone, some rather
elementary questions remain unanswered because the work has focused on crops rather
than cropping systems. Even more important has been lack of communication between
researchers and the farmers. Herds of experts have studied means to organize the transfer
of knowledge from one to the other, but without notable success.

We have attempted to show that the problem must be posed in a different way, at a
different level. Even the best extension, backed by strong rural institutions, can never
convince farmers to accept innovations over the long term which do not really benefit
them. Research has much to contribute, but it will be able to respond to the coming challenge
only if it is radically converted along the lines we have suggested above. Further, constant
evaluation and self-criticism, not with reference to external or exotic models, but to the
realty of the farmer, will ensure that the research remains relevant.

The best way to communicate research results to farmers is through an intermediate level,
where a working model is designed to deal with the actual physical, economic,
environmental, and organizational problems likely to be encountered in the implementation
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of full-scale agricultural development projects. The Mekong Committee has established a
system of such models in the Lower Mekong Basin, called “Pioneer Agriculture Projects™.

Pioneer Agriculture Projects

The Mekong Committee’s vision of developing the water resources of the Lower Mekong
Basin includes the irrigation of extensive areas of land. Although the basin farmers have
for centuries practiced forms of agriculture based upon sophisticated utilization of the
monsoon rains, they have very limited experience with modern irrigation. Such experience
as they have indicates that they encounter the usual problem in developing new irrigation
projects: unexpected and often long delays in the realization of the irrigation benefits. To
help solve this problem the pioneer agriculture projects have been designed to remove
many of the constraints which are preventing the effective implementation of irrigation.
Under this program, one or more pioneer projects has been established in each of the
riparian countries, including representation of all the major soil types and cropping patterns
found in the lower basin (see Chapter 10).

In view of the close relationship between irrigation and dry farming and in order to provide
abasis for judging the increase in agricultural production that can be expected from irrigation,
the program also includes some projects in the rainfed (dry farming) agricultural areas.
Such projects will also provide a broader basis for planning an efficient utilization of the
basin's agricultural resources.

History of Development of Pioneer Projects

The Bacon and White reports in the 1960s set the stage for the pioneer projects, but
several more years of continuing efforts were required before the pioneer projects finally
became established. In July 1967, a joint committee of representatives from the
Governments of Thailand and Laos, together with technicians from the US Bureau of
Reclamation (USBR) Pa Mong team and the Mekong Secretariat, reviewed research
requirements. One of the relevant conclusions of this committee reads: “The Committee
urges that a pilot irrigation scheme, in the magnitude of 10,000-20,000 ha, be centered in
one of the newly constructed irrigation systems in northeast Thailand to consider all aspects
of irrigated agriculture. Attention should be given to such key factors as farm size, land
clearing and development methods and costs, marketing, farm credit, farmer inputs in
crop production cycle, potential of developing agri-business activities, and farmer education
processes; further recommends that development channels of governmental, quasi-
governmental and commercial nature be exploited to achieve maximum success in the
shortest possible time™.

At its 34th session in January 1968, the Mekong Committee approved a statement
concerning the general aims of large-scale pioneer projects, which was endorsed by the
Committee’s Advisory Board and the representative of FAO. In the Committee’s Annual
Report for 1968, pioneer projects were defined as follows: “A pioneer project is the first
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sector of development in a large-scale irrigation scheme. Several thousand families are
involved in each such project; these pioneer families should receive whatever assistance is
necessary. The main function of a pioneer project is to build up the necessary organization
for the efficient management and maintenance of the larger developments that are to follow™.

The selection of this first pioneer project in northeast Thailand was made in January 1969,
at a meeting held at Khon Kaen, under the chairmanship of Dr Boonrod Binson, Member
of the Mekong Committee for Thailand, with representatives from all government agencies
concerned as well as the Mekong Secretariat. The project selected at this meeting (Nong
Wai) has since been prepared by the Technical Assistance Department of the Asian
Development Bank. The general terms of reference of the project cover four main fields:

a) Irrigation: How the headgate units should be organized, including the construction of
farm distributaries and farm roads, and the establishment of watering schedules. Land
clearing, land development and consolidation of farm units will also be addressed.

b) Technical and Scientific Aspects of Agriculture: Concerning research, how the
University of Khon Kaen and the Tha Phra central research station, as well as other
experimental stations in the area, would need to be strengthened in order to meet the
requirements of the project, particularly in the field of irrigated agriculture.

¢) The Farmer: Concerning farmers’ assistance, how the farmers should be assisted and
how to increase labor productivity by means of mechanization. This would also include
assistance in the field of credit, crop selection, fertilizer use, insecticides, and irrigation
practices.

d) Marketing: How to stabilize markets, in particular for crops other than rice.

The meeting recognized that the project should also consider organization (how the
Government Departments should be involved in the undertaking, where gaps appear to
exist in their present strength, and how the institutions should be strengthened) and
resettlement (how any resettlement areas could be improved with a view to improved
planning of future resettlement).

Atits 38th session in January 1969, the Mekong Committee supported the proposals for
the Nong Wai project and decided to sponsor, in addition, one such project in Cambodia
(5,000 ha of the Prek Thnot scheme), and one in Lao PDR (5,000 ha of the Casier Sud).

At the 38th session, Sir Arthur Gaitskell, Member of the Advisory Board, strongly
supported the proposals and agreed that such pioneer irrigation schemes were essential if
the right decisions were be taken on agricultural development in the region. These pioneer
projects would have the primary task of determining programs, size of farm units, farmers’
organizations, and related matters. Unless such pioneer projects could point the way
beforehand, the production needed to repay the heavy capital investment might be seriously
delayed. He agreed to the use of the term “pilot”, because these projects would truly be
breaking new ground and at a fairly large scale. However, in instituting such projects
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before completion of adequate research into the technical and economic suitability of
crops, the wrong advice might be given to farmers and this could discredit their confidence
in the project. He suggested that careful consideration be given to the definition of project
objectives, and to the role of private enterprise. Sir Arthur at the same time urged that “the
need to strengthen and develop the research work of the experimental and demonstration
farms be kept firmly in mind”’.

Areview of the Mekong program undertaken by the World Bank in 1970 upon the request
of the Secretary General of the United Nations, led to the conclusion, among others, that
the Committee’s pioneer agricultural programming was an undertaking worthy of being
pursued and that a good many advantages might be obtained from a concerted program
for pioneer projects in the context of Mekong development, instead of by a country-by-
country approach. Advantages included:

e Greater momentum of development can be attained and with more efficient means,
such as better training programs, transfer of experience to all four riparian countries,
more efficient use of development assistance (e.g., personnel and contracts), and fewer
constraints on participation by riparian country personnel.

e Greater appeal to the four riparian countries and effective interest in the individual pilot
projects, particularly when associated with development of large scale projects.

e Greater appeal of the regional approach to those cooperating donor countries who are
interested in agricultural development of the Mekong and who have expressed on
many occasions the priority they attach to pilot projects.

Encouraged by the initial discussion with the World Bank, the Mekong Committee
formulated the scope and objectives of a comprehensive Pioneer Agriculture Projects
program at its 50th session in January-February 1971. The Committee then submitted a
request to UNDP in July 1971, for assistance in the detailed preparation of the agriculture
pioneer project program for the Lower Mekong Basin. A US$ 2 million fund was created
for this purpose to which UNDP contributed half, while the United Kingdom, United
States, Netherlands, and Japan together provided the other half. The Plan of Operation
for this assistance program was signed in September 1971 with the World Bank as Executing
Agency, in association with FAO. The duration of the program of preparation was estimated
to be about 2 years. Subsequently, it was agreed that part of the studies provided for in
the Plan of Operation would be delegated to the ADB with the World Bank retaining the
overall responsibility for the program. The agreement provided for participation by ADB
in all consultations relevant to the program.

The pioneer projects program, as it has evolved from two years of subsequent studies, by
1977 included 11 projects in addition to projects prepared earlier (Nong Wai in northeast
Thailand by ADB). In the seventh progress report of the Executing Agency, the planned
pioneer projects program included:

e Three projects to provide pump irrigation facilities for river bank areas in the Lao
PDR, northeast Thailand and Cambodia. The projects would explore different
infrastructural requirements for the intensification and diversification of land use which
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could eventually be applied to an estimated 500,000 ha of fertile levee soils on the
Mekong and its tributaries.

An irrigation rehabilitation project in Cambodia which would restore and improve a
gravity irrigation scheme of about 30,000 ha which uses the unregulated flow of a
tributary of the Great Lake. The project would focus on changes in systems operation
and agricultural regime which would make more efficient utilization of unregulated river
flow. It would also provide valuable information about water management and
maintenance problems.

The first stage development of a storage irrigation project in Cambodia would aim at
an efficient transition from rainfed subsistence agriculture to intensive diversified land
use with the support of year-round irrigation. The 5,000 ha project would establish
different degrees of water control at the field level in order to assess the attendant
differences in costs and benefits as well as in implementation, operation and maintenance
problems. The pioneer project experience would have applications to the design of a
full scale gravity irrigation project serving eventually 70,000 ha, and would also contribute
essential information to the planning of other irrigation schemes in the Lower Mekong
Basin.

A project which would develop staff, facilities and organizational framework for
systematic identification, adaptation, testing and dissemination of cultivation practices
and seek technology suited for the improvement of rainfed rice cultivation in northeast
Thailand. The project would broaden the activities of two government rice stations in
northeast Thailand so that they could function as regional rice development centers
with the support of regional rice breeding facilities.

A pioneer project addressed to the identification, testing and implementation of viable
farming systems for sustained rainfed cropping of upland soils in northeast Thailand is
currently being prepared in close cooperation with the Directorate General of Agriculture
in the Ministry of Agriculture and Cooperatives of Thailand.

A project in northeast Thailand which would improve irrigated agriculture in the command
area of three small reservoirs, giving special consideration to the establishment of project
organizations under local control with farmer participation in operation and maintenance
of these minor irrigation works. Ifa viable mode of development for these three reservoirs
or “tanks” can be evolved, it could form a model for a large number of the existing
tanks in northeast Thailand and might open up the possibility of further developments
of this type in other parts of the Mekong basin.

A project in the coastal zone of the Mekong delta which would establish an integrated
salinity control system for a 50,000 ha area. The project would take maximum advantage
of existing embankments and salinity control structures. Within this system, the pioneer
project would develop modes of system operation to improve surface drainage in the
wet season and to extend the period in which freshwater is available in the canals for
irrigation by means of low-lift pumps. The project would also improve the agricultural
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supporting services in order to enable farmers to take maximum advantage of the changes
in the hydrological regime. The project would contribute to the detailed formulation of
larger scale projects designed to protect and improve an estimated 1 million ha in the
saline coastal belt of the Mekong delta.

e A projectin the flood zone of the Mekong delta which would promote low-lift pumping
from existing drainage and irrigation canals to introduce dry-season cropping in a 30,000
ha area which is at present primarily devoted to floating rice cultivation. The project
would test irrigation techniques and on-farm developments likely to be relevant for the
intensification of land use in the flood zone of the delta, which comprises about 300,000 ha.

e A project for year-round irrigation in an area of the delta free from flooding but subject
to some salinity intrusion. Irrigation supplies for the 5,000 ha pioneer project would be
obtained from a central pumping plant, located on an arm of the Mekong upstream
from the location the fresh water-saline water interface during the low flow period.
The project would experiment with the design of gravity irrigation systems for delta
topography and land tenure and ownership patterns. It is a prerequisite for the detailed
preparation of pending larger irrigation projects for as much as 250,000 ha.

Full Project Development

Once research has been applied through the pioneer projects and has been successfully
adapted to local conditions, the farmers of the basin are expected to respond quickly to
their opportunities. The key to expanding the pioneer projects to other parts of the basin
irrigation systems lies in accurately identifying the relative benefit of these projects and
conclusively demonstrating these benefits to other farmers (as well as to governments and
investors).

It is still much too early to give a meaningful account of project development, but even at
this early stage some remarks can be made regarding several major problems encountered.
In essence, these problems are related to farm management. We know now that agricultural
benefits will in general have a slower start than is assumed in the feasibility reports, with a
longer time-lag between implementation and full production level. This applies especially
to areas where soil conditions are poor and present farm income level is low. The longer
time-lag needed for implementation, the rather uncertain final production levels at the full
development stage, and the varying periods of project life combine to account for a rather
unreliable estimate of the farm benefits. As a consequence, economic comparison between
the various projects should be regarded with the utmost caution.

The planning of production levels and cropping patterns is very difficult and will almost
always be inaccurate. Very often projects are judged only on their “bankability”, so that
loans can be obtained for implementation. However, once a government wishes to choose
among various projects, comparisons between projects must be made. This is possible
even with inaccurate production estimates, as long as a consistent method of estimating
the benefits is applied; but this has seldom been the case.
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A first attempt was therefore made by the Mekong Secretariat to outline a uniform approach
for the estimation of farm benefits, which so far is limited to the full development stage.
Work is also in progress to include an assessment of the time-lag needed to reach the full
production stage. Basically, the methodology for estimating farm benefits is very simple.
Crop requirements and preferences or tolerances are evaluated against physical factors
prevailing in the field. The latter may prohibit the cultivation of a crop or variety, reduce the
yield, have no effect on the yield, or increase the yield.

Although the method is simple in theory, this system nevertheless becomes complicated
because of the variety of factors involved. Under normal field conditions many factors
cause reductions in yield. The influence of any one such factor is usually studied by keeping
all factors constant except the one under investigation. But even where the relationship
between the yield of a crop and each relevant factor is known, it is still impossible to
predict the yield because of interdependency between the factors. Yield-influencing factors
are seldom independent of each other, but neither are all factors interdependent. In fact,
groups or clusters of closely-related factors are formed, with each cluster having a more
or less independent impact on the yield. Within a cluster, the most limiting factor governs
the effect on yield.

Three clusters of yield-influencing factors are distinguished for purposes of model evaluation:

a. Drought: The main factors concerned are rainfall evapotranspiration, water-holding
capacity of the root zone (dry-foot crops), and depth of ponding and percolation (paddy).

b. Excessive Water: The main factors concerned are rainfall, storage capacity, drainage
capacity, deep percolation, and flooding. Both drought and excessive water clusters
are variable from year to year, though some factors (e.g., rainfall) vary more than
others (e.g., evaporation).

c. Soil Properties: The main factors concerned are texture, organic matter content, air
capacity, cation exchange capacity (CEC), pH, soil depth, and soil permeability. These
properties are usually more or less independent of farming practices, though a high
level of farm management may improve many of them.

Additional factors are also taken into account as absolute constraints, such as the existence
of a paddy layer, ESP (exchangeable sodium percentage), relief, humidity, depth of ground
water table, and secondary and micro-nutrients. The macro-nutrients, nitrogen, phosphate,
and potash, are treated separately since their utility is largely governed by economic
considerations.

A productivity rating is calculated for each cluster in accordance with the degree to which
the crop requirement and preferences or tolerances are satisfied. Each cluster receives a
rating from 1.0 (no yield reduction) to 0.1, but in practice the productivity ratings vary from
0.4t01.0. The cluster ratings are then multiplied, resulting in the relative productivity level
that can be expected from a given land unit.
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Yields and Fertilizers

The relation between yields and fertilizer inputs is very complex, involving many factors.
For planning, it is necessary to formulate as precisely as possible how yields and import
requirements are estimated in order to be able to compare different projects. Classes of
yields distinguished for the purposes of analysis include: theoretically possible, potential,
maximum, obtainable, and actual.

Theoretically possible yield is limited by incoming radiant energy, temperature, relative
humidity, and day length. It has been calculated that, at latitudes of 10 to 20 degrees, the
average theoretically possible yields of modern rice varieties vary between 11 and 13 tons
per hectare when the sky is clear throughout the growing period and between 5 and 6 tons
per hectare when the sky is continuously overcast (van Ittersum, 1972). In view of the
normal cloudiness in the Mekong basin, this would roughly mean an average theoretically
possible yield of about 10 to 12 tons per hectare in the dry season and 8 to 9 tons per
hectare in the wet season. Such yields are never reached, mostly due to inadequate disease
and pest control, especially in the later stages of the growing period when discoloring of
the leaves renders photosynthesis less efficient.

Potential yield (or the approximate research yield) is limited by the stage of technology
and structural organization in agriculture. Four different stages of development have been
distinguished regarding rice cultivation in Japan, which are compared with the present
condition in various countries in Asia (Takase and Kanoh, 1975):

a. Primitive farming with yields of about one ton per hectare or less (now widespread
in the basin);

b. Irrigated cultivation, where yields increase to 2.5 tons per ha;

Technical innovations, with yields increasing to about 4 tons per ha;

d. Structural reform, with yields increasing to about 6 tons per ha, while possibly 8
tons per ha can be reached.

13

Comparisons with Japan’s rice-growing history suggest that it will be quite an achievement
by the Mekong farmer to reach a yield of half the theoretically possible yield, or 5 to 6 tons
per ha in the dry season and 4 to 5 tons per ha in the wet season. These yields are taken
to be the potential yields for modern rice varieties in the present study, and are considered
realistically obtainable.

The maximum yield is derived from the potential yield by multiplying the productivity
rates for drought, excessive water, and soil properties by the potential yield. This varies
with each crop and land unit.

The obtainable yield is derived from the maximum yield by taking the supply of
macronutrients (N/P/K) into account. Crop responses to fertilizer applications require a
lot of experimental work, but since such work is often lacking in the basin, experimental
data from outside the area have been used as basic data for the calculations.
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The actual yield is the average farm yield in a project area. While this yield is directly
measured in the field, it can be theoretically related to the maximum obtainable yield
discussed above. The actual yield equals the maximum yield if the limiting constraints is
one or more physical factors and not the supply of macro-nutrients. It equals the obtainable
yield without fertilizer applications when such applications do not show economic benefits;
and it equals the obtainable yield with fertilizer applications up to the point where the
marginal costs equal the marginal benefits. It is less than the obtainable yield when fertilizers
(or suitable credit for buying fertilizers) are in short supply.

The most economical fertilizer application and corresponding yield are calculated from
crop response curves, showing the relationship between yield increases and additions of
fertilizers. These response curves are mostly derived from results obtained from
demonstrations on farmers’ fields, and are complemented by specific data from research
trials, including requirements for pesticides.

The analysis of the variables discussed above, as well as data on labor requirements and
the alternative use of animal or mechanical power, is carried out by means of three main
independent, consecutive computer programs, in which the output of the first program is
necessary as input for the next, with some additional data.

Program I consists of a main computer program (“RATINGS”) in which the relative yields
of individual crops are determined for the different land units recognized in a project area,
and two auxiliary programs for calculating the rainfall excedence frequencies (“REXFREX")
and the drought ratings (“DROUGHT”’) by means of a water balance model.

Program II (“YIELDS”) translates the relative yields from program I into actual yields
which are or can be obtained under specific conditions. Prices play an important role in
determining the most economic yield.

Program III (“LP”’) contains both agronomic and economic aspects and determines, by
means of linear programming, optimal farmer behavior (i.e., cropping patterns and
production techniques) under different stages of development: the present situation; the
projected future without the development project; and the full development model with
the project.

The best choice for a farmer, tentatively taken to be maximum income (within the limits of
the farmer’s capability to invest and take risks), can be calculated with this model, taking
into consideration the farmer’s resources in terms of land, labor, and working capital.
These resources are obviously quite variable in a project area, so that three farm size
groups are distinguished: small (less than 2.5 ha); medium (2.5-4.0 ha); and large (over 4
ha). The estimation of accrued farm benefits can be standardized once the period required
for attaining full project development is established.

Such a standardized project evaluation system has many advantages. Comparisons can
be made between different projects; basic data collecting can be more efficient and precise,
enabling a more detailed description of the work, and the production increases can be
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calculated from the realistic point of view of the producers.

While the actual decisions of the basin farmers will be based on their own perceptions of
their alternatives, such computer modeling can help project planners to make better
decisions, which are then more likely to be accepted by farmers.

Conclusion

The agricultural development model adopted by the Mekong Committee consists of three
major components. First, research on new and improved crops and techniques is conducted
at experimental and demonstration stations. Second, the results of this research are applied
to a full-scale project for testing under practical conditions in Pioneer Agriculture Projects,
which are essentially proposals for development strategies. Third, the new agricultural
systems which have been shown to be successful on a pioneer level will be applied to
appropriate areas in the Lower Mekong Basin. The first two steps have already begun,
with results presented in the following two chapters.
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Chapter 9

Pioneer Agriculture Projects

Introduction

In order to adapt the findings from the experimental stations and demonstration areas to
the existing conditions in the various parts of the basin, a network of eleven pioneer agricultural
projects was planned by the Mekong Committee, adapted to the major soil types and
cropping patterns in the lower Mekong basin. Lessons learned from these projects can
thus be applied to areas of considerably greater extent than the pioneer projects themselves.

While the pioneer projects are highly diverse, they have several common themes. Each
project provides for project monitoring and studies of the technical, organizational,
agronomic and social aspects of the project, with particular emphasis on the response of
the farmers to the project. Findings of the monitoring programmes are used for solving
problems encountered in project implementation and serve as a guide for the planning and
implementation of additional projects and project extensions.

All pioneer projects give strong emphasis to farmer’s organizations. While the exact form
and structure of these may vary from country to country, all are based on giving the local
people the key roles in implementing the projects. Consultants and high levels of government
inputs are typically limited in time since all pioneer projects are designed to have a relatively
short life as such.

It should be emphasized that each of the pioneer projects was defined in terms of short-
term solutions to immediate needs, based on benefit and cost considerations, current
availability of fertilizers and current prices of agricultural products. Anindividual project is
therefore not necessarily related to the long-term needs and the long-term potential of the
basin, which may be considerably higher than envisioned by a more constrained study.
The long-term potential will be reached only as the experimental and demonstration stations
determine optimal strategies for development and as these strategies become widespread
in the basin.

The proposals for pioneer projects have been prepared by a wide range of agricultural
consulting firms. The Asian Development Bank and the World Bank have reviewed these
projects, making some modifications. The project synopses presented in this chapter are
derived from the Bank review memoranda, which were in turn based on the consultants’
reports. More detailed bibliographic references are presented in illustration 12.
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ILLUSTRATION 12: SELECTED CONSULTANTS’ REPORTS ON

VARIOUS PIONEER PROJECTS

Muk Kampul: The Muk Kampul Pioneer Agricultural Project in the Khmer Republic
(now Cambodia), Vol. I, II. Nov. 1972/Feb. 1973; Summary Report,
Hay, 1973. AGRAR/SATEC/ILACO.

Bovel The Pioneer Agricultural Project. Oct. 1973. Vol. I, 1I. ILACO/AHT/
SATEC.

Casier Sud Reports on the Vientiane Plain Pump Irrigation Pioneer Projects. Vol. I,
II. Aug. 1972. FAO/IBRD. Feasibility Report on Casier Sud Pioneer
Agricultural Project, Vol. I-I1I. Aug. 1973. Japan Engineering Consultant
Co.

Se Bang Fai Draft Report of the Rural Development Pioneer Project July, 1974. FAO/
IBRD.

Pump Irrigation Studies of Pioneer Pump Irrigation Project, Northeast Thailand,
Vol. I-VI. Dec. 1973. Lyon Assoc.

Tank Irrigation Pioneer Project for Tank Irrigation in Northeast Thailand Vol. I, II. W.
Halcrow/Urwick Lugg/Gould.

Rainfed Crop Nong Wai Pioneer Project for Irrigated Agriculture. Vol. III1. June

Improvement 1971. AHT/ILACo.

Nong Wai

Go Cong Go Cong Pioneer Agricultural Project. Vol. 1.111. Sept. 1973. ADC.

Tiep Nhut Final Progress report on the Tiep Nhut Pioneer. Agricultural Project.
Sept. 1973. Nippon Koei.

Caisan Caisan Pioneer Project. Sept. 1973. Hunting/Sir M. McDonald and
Partners

For each of the pioneer projects, we have discussed the essential elements in two major
categories: background (the project area, soils, and socioeconomic factors); and the project
(objectives, project works, cost estimates, organization and management, agricultural
production, and benefits and justification). Most of the pioneer projects are concerned
with irrigation, and the cost of these varies considerably with the ecological conditions and
the type of irrigation to be attempted; hence the costs indicated in the project synopses are
not fully comparable since they include different development items. Cost data are included
for indicative purposes only, showing total costs of about US$ 83.2 million for the eleven
projects.
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Muk Kampul Pump Irrigation Pioneer Project
(Cambodia)

Background

Project Area. The project area comprises a narrow strip of land about 17 km long and
averaging 3 km wide, situated on the west bank of the Mekong river just north of Phnom
Penh. It has an area 0f 4,500 ha, of which 2,200 ha are irrigable. Land forms and land
use, which are typical of some 10,000 ha of land along major rivers in Cambodia, include

a. The bourrelet — the top of the natural river levees occupied by villages, orchards, and
vegetable gardens.

b. The chamcars—the land sloping inland from the levees, subjected to annual flooding
from the Mekong; the upper parts are free of flooding for a sufficient period each year
to allow double cropping (the lower areas can only be single cropped).

c. Ricelands and bengs — the low-lying areas flooded during the rainy season which are
devoted to rice grown on the receding flood; some areas are irrigated from shallow
ponds called “bengs”.

The project area contains some 220 ha of bourrelet, 660 ha of double cropped chamcars,
300 ha of single-cropped chamcars, and 1020 ha of lowland rice. Cropping intensity is
about 200 per cent on the bourrelet, 160 per cent for the double-cropped chamcars, 100
per cent on the single-cropped chamcars, and 100 per cent for the lowland rice-growing
area.

On the chamcars the land holdings consist of narrow strips of land extending down the
slope, varying in width from under 5 m to over 20 m. Many of the strips are subdivided
laterally among several owners and a typical farm holding consists of numerous plots
scatted throughout the strips. Increases in production of upland crops and rice would be
possible if irrigation water could be provided, but the land tenure pattern, presents a major
problem in the design and layout of a conventional canal irrigation system.

Seils. Soil types are alluvial on the levees and clays in the lower areas where the annual
floods deposit fine sediments.

Socioeconomic factors. The population of the project area is about 14,000, divided
into 2,700 family units of which some 1,600 are farming families (the high percentage of
non-farming families is due to the proximity of Phnom Penh and is not representative of
most riverain areas). Farm holdings average about 1.5 ha, usually consisting of four or five
separate plots. Land rental or leasing usually concerns only separate plots and not whole
farms. Garden and fruit plots on the bourrelet do not appear to be leased, while some 9
per cent of the paddy area and 17 per cent of the chamcar area are under rental agreements.
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The Project

Objectives. The main objective of the project is to evolve and demonstrate solutions to
the technical and managerial problems which have prevented the development of viable
pump irrigation on the riverain lands adjacent to the Mekong river. On the technical side,
the aim is to develop a water distribution system for the existing land tenure conditions
which would be economically and socially workable. On the managerial side, emphasis is
on securing closer cooperation between the various agencies providing services to the
farmers and developing organizations for collective pumping under local control

The main difficulty in formulating the project has been the design of a distribution system
compatible with the land tenure pattern. Not only is the land farmed in narrow strips, but
the ownership also changes along the strip. However, providing water in a channel along
the top of the chamcar would give considerable incentive for the farmers to cooperate in
water distribution in various ways by means of earth channels, portable pipes, or flumes.
Given technical advice and assistance in planning the water distribution layouts, it should
be possible to evolve workab1e systems extending 200 to 300 m down the chamcar, to
encompass most of the double-cropped chamcar area.

Project Works. The pioneer project would provide pumping units, irrigation distribution
facilities for some 730 ha, and improved agricultural services in the project area. Project
works include 17 pumping units, each with three 15 hp diesel-powered pumps mounted
on rails to allow them to be raised and lowered according to water levels in the Mekong.
Main channels will be constructed to take water to the edge of the bourrelet zone running
parallel to the river, across the bourrelet, under the highway, and along the top edge of the
chamcar zone, again running parallel to the river. The minor distribution systems would be
evolved during project implementation and would include channels, earth channels, and
possibly portable flumes and pipes.

On the average, each unit would irrigate some 5 ha of high value crops on the bourrelet,
about 20-30 ha within the double-cropping chamcar zone and about 10-15 ha of ricelands
where the farm plots are wide enough to accommodate a delivery channel through the
chamcar. The project also includes buildings, workshops and vehicles for government
supporting services, technical assistance for project implementation and the preparation
of future riverain pump irrigation projects, village electrification, and project monitoring.

Total project costs are estimated at US$ 206 million, of which about half'is in foreign
exchange (illustration 13). The cost estimates assume free access for goods supplied to
the project area and do not reflect currently prevailing transportation conditions and costs.
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ILLUSTRATION 13: COST SUMMARY, MUK KAMPUL (in USS$ 000)
Item Local Foreign Total
Pumping units 60 220 280
Irrigation distribution system 490 130 620
Buildings 80 20 100
Vehicles 0 100 100
Engineering and consultants 100 200 300
Surveys and mapping 40 30 70
Village electrification 50 150 200
Base cost estimate 820 850 1,670
Physical contingencies 110 70 180
Price contingencies 330 320 650
Total 1,260 1,240 2,500
Project monitoring 30 20 50
Studies for future development 10 40 50
Total project cost 1,300 1,300 2,600

Organization and Management. One of the major aspects of this project is to evolve
asuitable and efficient management structure for the type of riverain area development to
be pioneered. Firm proposals for organization and management will require discussions
with the Government of Cambodia. For the present, the establishment of a Project
Implementation Unit (PIU) within the Ministry of Agriculture is suggested. The PIU would
be staffed by the necessary personnel to survey and map the topography and soils of the
project area; to plan and design the irrigation system in cooperation with the project farmers;
to organize the construction of the works; and to coordinate the supply of agricultural
credit, services, and physical inputs in the pump area and to supply extension services to
the farmers.

The operation and maintenance of the pumps would initially be the responsibility of the
PIU, but this responsibility would be passed to the village group served by an individual
pumping unit as soon as the group has been organized and a village based pump operator
has been trained. Operation and maintenance of the irrigation distribution system will be
the responsibility of the farmers, organized into water user groups. Each group would be
headed by a common irrigator who would be responsible for determining water releases
for the group and for collecting pumping charges, operation and maintenance fees
assessments, and any other necessary fees.
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Agricultural Production. As aresult of the project, the cultivation of high value vegetables
during both wet and dry seasons in the irrigated part of the bourrelet is estimated to
increase from 25 ha to 80 ha, with the average yield rising from 7.7 tons per hato 10 tons
per ha. Irrigation of the chamcars (450 ha) would lead to increased yields of vegetables
and other crops and to an increase in cropping intensity. Paddy yields on the 200 ha of
irrigated ricelands are estimated to increase from 2.0 tons per ha for local varieties to 4.2
tons per ha for high yielding varieties. Estimated annual crop production at present, and
for the with-project case, are shown in illustration 14.

ILLUSTRATION 14: ESTIMATED ANNUAL PRODUCTION FOR
IRRIGATED AREAS OF MUK KAMPUL PIONEER PROJECT
Crop Unit Present | Futurewith
Project
Bourrelet (80 ha)
Vegetables tons 350 1,600
Fruit or other tons 550 -
Chamcar
Vegetables tons 550 1,260
Maize - cobs cobs (,000) - 8,400
- grains tons - 700
Sesame tons 42 95
Greengram tons 41 67
Rice Lands (200 ha)
Paddy -Local tons 400 -
-HYV tons - 840

Benefits and Justification. The project would evolve and demonstrate technical and
managerial approaches to the development of pump irrigation on the riverain lands adjacent
to the Mekong river, and other similar areas along major rivers in Cambodia.

The economic rate of return was calculated using farmgate prices derived from projections
of 1985 world market prices expressed in 1974 constant terms. Project costs used in the
analysis covers pumps and distribution systems of the 17 Muk Kampul units and one-half
ofthe cost of other items (which would serve a wider area), amounting to a cost of US
1,100 per ha for the 730 ha which it is conservatively assumed would benefit from the
proposed 17 units. With these assumptions, a 13 per cent economic rate of return is
indicated. Present and projected production values for the project are summarized in
illustration 15.
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ILLUSTRATION 15: MUK KAMPUL PIONEER IRRIGATION PROJECT
Present and Projected Production Values

Cropped Area Yield Farm-gate Gross Production Net Value | Net return
(ha) (ton/ha) Price Value of Costs? of from
(W.S.+D.S.)! (USS/ton) Production (USS$/ha) | Production Project (USS
Area thousand)

Present Production

Bourrelet
Vegetables 50 (25+25) 7 120 840 82 758 37.9
Other? 110 (55+55) 5 120 600 50 550 60.5
Sub-total 160 (80+80) 98.4
Cropping Intensity (%) 200
Double-Cropped Chamcar
Vegetables 110 (30+80) 5 120 600 56 544 59.8
Maize (cobs)* 350 (220+130) 17 8 136 22 114 39.9
Sesame 140 (100+40) 0.3 250 75 14 61 8.5
Greengram 120 (80+40) 0.34 250 85 24 61 7.3
Sub-total 720 (430+290) 115.5
Cropping Intensity (%) 160
Riceland
Local Rice Varieties 200 (0+200) 2 110 220 19 201 40.2
Cropping Intensity (%) 100
Total Present Return 254.1
Bourrelet
Vegetables 160 (80+80) 10 120 1,200 168 1,032 165.1
Cropping Intensity (%) 200
Double-Cropped Chamcar
Vegetables 140 (40+100) 9 120 1,080 162 918 128.5
Maize (cobs) 240 (150+90) 35 8 280 132 148 35.5
Maize (grain) 200 (100+100) 3.5 70 245 134 111 222
Sesame 135 (90+45) 0.7 250 175 72 103 13.9
Greengram 95 (50+45) 0.7 250 175 81 94 8.9
Sub-total 810 (430+380) 209
Cropping Intensity (%) 180
Ricelands
Local Rice Varieties 25 (0+25) 3 110 330 76 254 6.4
HYV Wet Season 25 (25+0) 3.5 110 385 69 316 7.9
HYV Dry Season 175 (0+175) 43 110 473 135 338 59.2
Sub-total 225 (25+200) 73.5
Cropping Intensity (%) 113
TOTAL PROJECT RETURN 447.6

! (Wet Season + Dry Season)

ZAll production costs exclude payments for labour.

3 Comprising annual fruits, lesser value vegetables resulting from inefficient irrigation.
4 Maize (cobs) yield and farm-gate price are expressed in a unit of 1,000 cobs

(i.e. 1,000 cobs/ha and US$/1,000 cobs).
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Bovel Gravity Irrigation Pioneer Project:
(Cambodia)

Background

Project Area. This is a run-of-river irrigation project in Battambang Province on the right
bank of the Mongkol Borey river, a tributary of the Great Lake. The existing works of the
Bovel project include a diversion dam on the Hongkol Borey, a natural channel serving as
the main canal, 61 km of secondary canals, and 15 km of tertiary canals. The works were
constructed to divert the waters of the Mongkol Borey over an area of about 46,000 ha
for irrigation of a wet-season crop. The river has no storage and the divertible flows show
wide seasonal variation. Dry season flows are very low but in the high rainfall months the
river rises sharply and overflows its banks, flooding the area to depths of about 50 cm.
Mid-season droughts in July and August are common, and the project was planned to
provide supplementary irrigation to the rice crop during these drought periods.

Most of the area is planted to long-straw local rice variety, which are broadcast in May
and June and harvested in December and January. The area receiving supplementary
irrigation is limited to narrow strips of land bordering the canals, in total about 10,000-
15,000 ha.. Even in these areas the water supply is unreliable, because in its present form
the system is difficult to operate and maintain. The chief deficiencies are the lack of tertiary
canals to distribute water from the main and secondary canals and inadequacies in the
design and construction of the canals and control structures.

Soils. The soils in the area are heavy clay, including 90 per cent brown hydromorphics
and 10 per cent lacustrine alluvials.

Socio-economic factors. About 8,500 families (68,500 people) are engaged in agriculture
on the area 0£ 46,000 ha. At one time most of the land was farmed as rice plantations, but
these have been broken into smaller units over the years. Still, about 30 per cent of the
area is taken up by large blocks of over 100 ha (in 1974; this has certainly changed now),
with these larger holdings being leased or rented under various arrangements in units of
about 5 ha. Landlords with large holdings typically farmed only about one-third of their
land. Probably more than 80 per cent of the project areas is farmed in units of 5 ha or less.

The Project

Objectives. The primary objective of the project is to develop techniques for effective
utilization of the waters of the Mongkol Borey by improvements in canal systems and
drains an area of over 14,000 ha. The experience gained in engineering, operation, and
maintenance, the strengthening of agricultural supporting services, and experimentation
with different rice varieties and crop calendars, would apply to future development in the
Bovel Project area and to other potential developments in Cambodia.
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Project Works. The project would include construction of a 10 km primary canal, a 5
km secondary canal, and 25 km of main and secondary drains; the rehabilitation of 25 km
of existing secondary canals; and the construction of tertiary canals and drains for an area
of about 14,000 ha. Consultant services would also be supplied to assist the government
in the design and construction of the irrigation works, the establishment of operation and
maintenance procedures, and technical advice in setting up improved agricultural supporting
services. Vehicles, equipment, and buildings for project implementation and management
would also be supplied.

A net area 0f 40,000 ha would be developed, with a proposed cropping intensity of 125
per cent. Crop varieties and crop calendars would be selected to match the water
requirements as far as possible to the seasonal variation in water supply. Long-duration
rice varieties (180 days) would be planted in May on 10,000 ha; a short-duration rice
variety (120 days) would be planted on 10,000 ha of the area in July and on 20,000 ha
early in August. Half the area planted in August would also be used to grow an early
season crop of mung beans, maize, or peanuts

This level of agricultural development would require much better water control than currently
exists, so irrigation systems servicing blocks of about 100 ha will be constructed over a
period of 12 years. The pioneer project would be the first phase of an overall development
plan comprising a 4,000 ha unit with intensive development. It would also include some
major features of the ultimate project plan, such as sections of the main and secondary
canals and drains.

Realization of the proposed cropping pattern would depend on the ability of the proposed
drainage works to reduce flooding. Rice planted in August, as opposed to the current
practice of planting in May and June, would be much more susceptible to damage. In
September or October from inundation due to heavy rains and overbank flow from the
rivers; the technical and economic feasibility of preventing seasonal inundation of the project
area has yet to be established. Uncertainty on this account does not, however, preclude a
phased program of canal system improvements and drain construction which, in conjunction
with improved agricultural practices, could lead to higher yields for the wet-season rice
crop. Drainage works constructed in the early stages would be designed to allow for
future extension and modification when the drainage problem is better understood. To
develop such an understanding, a data collection programme would be carried out as a
part of the pioneer project.

Cost Estimates. Total project costs are estimated at US$ 8.1 million of which the foreign
exchange component is estimated at US$3.7 million. Project costs are summarized in
illustration 16.
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ILLUSTRATION 16: COST ESTIMATES, BOVELPROJECT
Local Foreign Total
USS
(thousand)

Main, secondary canals and drains 1,240 950 2,190

Tertiary canals and drains 880 520 1,400

Roads and bridges 160 201 80

Buildings 130 201 50

Vehicles and equipment 0 150 150

Surveys and mapping 20 30 50

Government supporting services 150 0 150
Consultants:

Project implementation 80 340 420

Further studies 60 240 300

Base cost estimates 2,720 2,270 4,990

Physical contingencies 400 350 750

Price contingencies 1,200 1,080 2,280

Project monitoring 60 20 80

Total project cost 4,380 3,720 8,100

Organization and Management. One of the major pioneering aspects of this project
will be to evolve a suitable and efficient management structure for the implementation and
operation of project works and for agricultural supporting services. Firm proposals for
organization and management of the project will require discussions with the government
of Cambodia, but for the present the establishment of a Project Implementation Unit (PIU)
is suggested, with similar duties to those of the PIU suggested for Muk Kampul.

The operation and maintenance of the diversion dam, main canals, and secondary canals,
would initially be the responsibility of the PIU, while operation and maintenance of the
tertiary systems will be the responsibility of the farmers, organized into water user groups.
The PIU would encourage the formation of these groups and initially supervise their activities.
Each water user group would be headed by a common irrigator who would be responsible
for determining water releases for the group and for collecting operation and maintenance
assessments and any other necessary fees. Steps would be taken by the government to
impose and collect water charges to cover the costs of operation and maintenance and a
reasonable proportion of capital costs. This charge would be imposed within about one
year of the first delivery of a reliable water supply.

Agricultural Production. As aresult of improved water control and more effective
agricultural supporting services, local variety wet season paddy yields on the 14,000 ha
project are expected to increase from 1.4 ton per hectare to around 2.5 tons per hectare
at full project development. No significant increase in yields is likely without the project;
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with the project, rice yields are expected to improve due to better water control and the
use of a small amount of cash inputs and some improved farming practices, resulting from
the sustained extension effort under the project. Total paddy production at full project
development is estimated to increase from 20,000 tons without the project to 35,000
tons, while net farm income from a 4 ha farm is estimated to increase from some US$ 330
at present to around US$ 600 at full development.

Benefits and Justification. The proposed project is justified on its own merits, and as
a pioneer project demonstrating technical and organizational approaches applicable to
other run-of-river irrigation projects in Cambodia. The economic rate of return is estimated
to be 12 per cent, based on conservative assumptions for cropping patterns and crop
calendars. No account was taken of the possible introduction of shorter-duration rice
varieties which would allow early or late season crops of maize, mung beans, groundnuts,
and others; such developments would greatly increase the rate of return. The net return of
the project is projected .to be about US$ 2.45 million per year, as opposed to US$ 1.33
million per year without the project (illustration 17).

ILLUSTRATION 17: BOVEL PIONEER IRRIGATION PROJECT
Present and Projected Production Values

Wet Season Wet Season
Present Production | Project Production at Full
Development

Local Variety Paddy | Irrigated Local Variety

Paddy

Cropped Area ha 14,000 14,000
Yield (ton/ha) 1.3 2.5
Farm-gate Price US$/ton 100 100
Gross Value of Production 130 250
Production Costs' US$/ha 35 75
Net Value of Production 95 175
Net Return from Project Area US$ million 1.33 2.45

' All production costs exclude payments for labour

Casier Sud Pump Irrigation Pioneer Project
(Lao PDR)

Background

Project Area. The project area comprises 5,100 ha, of which 3,170 ha are cultivable,
lying on the left bank within a large loop of the Mekong river about 7 km downstream
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from Vientiane. This area is strongly affected by floods, with serious damage occurring as
often as every two years. Even during years when overbank flooding from the Mekong is
not severe, its relative high levels often significantly impede surface drainage from local
rainfall, resulting in crop damage. During the dry season, although discharges in the Mekong
are plentiful, water levels drop to as much as 10 meters below the project area, too low to
permit use for irrigation. In the absence of other sources of water, crops in the project
area often suffer from drought.

Present cropping in the area is predominantly rainfed wet season glutinous rice, with
significant amounts of green maize, tobacco, sugar cane, fruits, and vegetables grown
during both wet and dry seasons, albeit with recurrent damages from flood and drought.
Cropping intensity is estimated at 112 per cent. Small amounts of sericulture and livestock
production are also practiced, with the nearby and easily accessible Vientiane area providing
aready market for the area’s produce.

Soils. The area contains primarily clayey flood plain soils and lighter, more free-draining
natural levee soils; both groups of soils are potentially quite productive assuming flooding
can be controlled.

Socio-economic Factors. The present population in the project area is estimated to be
about 23,000 of which some 17,500 are agriculturally employed or supported. The project
area has an estimated 2,580 agricultural households, each of which operates a farm
averaging about 1.5 ha. The land tenure situation is unclear and requires further investigation.

The Project

Objectives. The aim of the project is to increase agricultural production from an area of
about 3,170 ha currently subject to prolonged wet season flooding from the adjacent
Mekong river or from impeded local drainage, and also subject to dry season drought
conditions. These conditions combine to significantly limit agricultural output from an
otherwise potentially productive area. As a pioneer project, it will serve to demonstrate
viable solutions to these physical problems which are typical for large areas of agricultural
lands along both banks of the Mekong river upstream of the delta.

The proposed project would include construction of a flood control dike along the left
bank of the Mekong, protecting an area of some 5,000 ha from overbank flooding;
construction of four irrigation pumping plants; the required associated electrical transmission
facilities; construction of an integrated irrigation and drainage system and farm road network;
rehabilitation of the existing Hat Dok Keo experimental station; and provision of consulting
services for project design and construction supervision and for assistance in initiating
agricultural development programmes under the project.
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The project diking scheme provides a ten-year level of flood protection as giving adequate
yet economically justifiable protection for the project's predominantly agricultural areas,
without adversely affecting flood conditions upstream or on the opposite bank of the river.
The project proposal includes provision for controlled egress into the project area of
flows in excess of this level of protection, to eliminate catastrophic damages which would
otherwise be expected from overtopping or breaking of the levee.

Project Works. The project includes four irrigation pumping plants spaced along the
project periphery, each serving 600-1,000 ha, rather than a single large plant serving the
entire 3,170 ha project area. This proposal is justified by system operation and maintenance
considerations and the difficulty of achieving cooperation among large groups of farmers.
While multiple pumping stations would be preferable to a large single station in this case, it
will still be necessary to examine use of simpler and less costly types of pumps better
suited to local conditions, in place of the vertical shaft submerged pump facilities currently
planned.

For disposal of surface drainage from inside the project area during periods when gravity
drainage is not possible because of high water levels in the Mekong, a drainage pumping
facility is proposed. This would have capacity to evacuate the drainage flood within a
three-day period while limiting areas affected by inundation to 1,000 ha; damaging inundation
is not expected to exceed 180 ha in a normal year.

Cost Estimates. Total project costs are estimated at US$ 9.0 million, including a foreign
exchange component of US$ 5.3 million. Project costs are summarized in illustration 18.

ILLUSTRATION 18: COST SUMMARY OF CASIER SUD
PIONEER PROJECT
Cost (USS$ equivalent)
Item Total Local Foreign
Land acquisition 359 359 -
Construction
Preparatory works 0 49 41
Dike 1,183 624 559
Pumping Plants and transmission lines 1,096 144 952
Irrigation and drainage system 1,374 554 820
On-farm works 100 100 -
Agricultural facilities 137 91 46
Other
Consulting services, surveys and mapping 936 164 772
Operation and maintenance equipment 130 - 130
Administration 216 216 -
Basic cost estimate 5,621 2,301 3,320
Physical contingencies 1,124 460 664
Price contingencies 2,226 911 1,315
Project monitoring 70 50 50
Total Project cost 9,041 3,722 5,319
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Organization and Management. The project will be implemented under the Ministry
of Economy and Planning. During project implementation farmers’ cooperative organizations
will be set up to provide for cooperative marketing, credit and input supply, and farm
mechanization efforts in association with the project. Concurrently, water users’ associations
will also be formed to assist with system operation, maintenance, and collection of water
fees.

Agricultural production. The primary direct effect of the project will be increased
agricultural production. The improved water control and availability of necessary inputs,
credit, and agricultural supporting services will permit widespread use of high-yielding
varieties and large-scale double cropping. Cropping intensities in the project-area are
expected to increase from present levels of 112 per cent to 190 per cent with the project.
Under the project, paddy yields are expected to increase from 0.9 to 4.0 tons per ha in
the wet season and from 3.0 to 5.0 tons per ha in the dry season; corresponding increases
in yields would take place for other products.

Benefits and justification. The project would directly benefit some 2,600 farm-families,
raising net farm income of a typical 1.5 ha operation very substantially from present levels
of US$ 119. The project would, under full development, produce an incremental 12,000
tons of rice and some 9,000 tons of various other crops yearly. All these products are
currently in short supply in the Vientiane area and are being imported; thus in addition to
directly enhancing farm incomes, the project would contribute substantially to improvement
of the country’s balance of payments position.

The project’s economic internal rate of return is estimated at about 11 per cent, considering
only direct crop production benefits and using a 25-year evaluation period.

Se Bang Fai Flood Protection and Pump Irrigation
Pioneer Project (Lao PDR)

Background

Project Area. Inthe Thakhek, Savannakhet, and Pakse provinces, as in the rest of the
Laotian part of the Mekong basin, agricultural production is mainly concentrated in the.
flood plains of the Mekong tributaries such as the Se Bang Fai, which forms the boundary
between the two provinces of Savannakhet and Khammouane. The Se Bang Fai flood
plain extends from both banks of the river, over some 30,000 ha; the plain is some 15 km
wide and is bounded by the Mekong river to the west and by upland open forest to the
east. It consists of low-lying basins separated by higher grounds at an elevation of a few
metres above the basins. The Se Bang Fai river levees are high enough to prevent
overtopping by rainy season flooding except at points or in years of exceptionally high
floods.
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Within the area, the road system consists of two dirt tracks on the river banks and of
access tracks to the flood plains which are bad during the dry season and impassable
during the rainy season.

Soils. The soils in the project area are mainly alluvial deposits whose characteristics are
determined by their elevation (which affects texture, internal drainage, and leaching). Old
alluvial terraces at higher elevation surrounding the flood basins are never flooded and are
covered by open forest. These are shallow, acidic soils of very low fertility. Soils of the
annually flooded plain have a fine texture in surface and sub-surface horizons which impedes
drainage; because of their physical characteristics, these soils are suitable only for paddy
if permanently flooded during the whole growing cycle. Levee soils (about 10 to 20 per
cent of the flood basin area) along the river bank which are flooded only at peak water
level have a coarser texture. They are well-drained because of their higher permeability
and elevation; they are fertile and can be used for all upland crops.

Socio-economic Factors. In the flood plains of the southern provinces of Laos, most
farms are of comparable size and characteristics. A typical farm includes some 2.5 ha of
permanent rice fields and 1.0 ha of upland fields on levees and river banks where vegetable
and tobacco are grown when the floods recede in the dry season. A typical farm keeps 4
to 5 head of cattle and buftalo, 2 to 3 pigs, and 10 to 20 chickens. The family usually is
engaged in non-farming activities as well, such as fishing, weaving, and handicrafts.

While farm economy is still largely at subsistence level, the traditional standard of farming
is high. In the low-lying areas, rice fields are leveled and bunded; buffaloes are used as
draft animals with locally made implements; supplementary feed is supplied to working
animals and household waste to pigs and poultry. Manure is used for river bank cultivation,
but modern inputs are rarely applied because of high risks of crop failure in the flood plain.

Farmers live in villages which are the centres of all agricultural activity. The village headman
and the elders elected by the village inhabitants play a prominent role in village life. Mutual
help between families is common for rice cultivation and traditional farmer groups operate
and maintain small gravity irrigation schemes built by the community as well as village rice
mills. Such groups also contribute to the construction of flood protection or of small water
storage works by providing voluntary unpaid labour.

The Project

Objectives. The Se Bang Fai flood plains appear quite suitable for a pioneer project,
since soils, population density, farming techniques, cropping patterns, and crop returns are
similar to those of most other Mekong tributaries above the reach of the Mekong flood,
not to mention of many other small river basins scattered all over Laos. The first phase of
the pioneer project would gradually improve traditional agriculture without modifying present
cropping patterns; it would increase returns by avoiding periodic crop failures. Such project
targets are tailored to the concepts and traditional activity and organization of the Lao
farmer, and should therefore meet his full cooperation inasmuch as this does not imply
intensive cultivation practices.
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Over a period of five years the project would develop some 22,000 ha of rice land plus
8,000 ha of uplands and river bank levees, involving about 8,000 farms or 55,000 persons
living in 86 villages. On the basis of hydrological data, the project would ensure partial
control of flooding, entailing rice crop security 9 years out of 10 instead of 2 out of 3 as at
present. In addition, small dams and diversion canals on three perennial streams would
allow double cropping of rice on some 700 ha. On the levees, in addition to tobacco,
maize would be grown for improved pig and egg production.

Project Works. Project works would include flood control works, involving the
construction of compacted earth-filled concrete dams with flap-gates at the mouth of 17
of the Se Bang Fai tributaries, three earth-filled concrete dams with sluice gates on three
perennial streams and 8 km of unlined main canals to small gravity irrigation perimeter
ditches to be hand built by farmers; supply of 200 small individual pumps to water vegetables,
tobacco, and maize on the upland and levee soils; supply of 7 village rice-mills of 1 ton per
hour capacity; and rural and social infrastructure including 60 km ofroad, 100 village
wells, and 6 village health dispensaries.

Other components of the project will include farmer training, extension services at a ratio
of one field extension officer for 250 farmers; a small animal breeding unit to supply
improved piglets and ducklings; technical assistance; and further studies to prepare a full
flood control/irrigation second phase project over the whole project area.

Cost Estimates. Total project costs are estimated at US$ 8.3 million, of which foreign
exchange component is 4.7 million. Project cost estimates are presented in illustration 19.

Organization and Management. An important part of the pioneer project will be the
progressive establishment of farmer groups, based on traditional village organizations, in
order to cooperate in construction and maintenance of flood protection works and small
supplementary irrigation networks, organizing marketing of surplus production, processing
rice at village level, and ensuring distribution of improved piglets and breeding poultry to
be supplied by a project breeding unit.

The project would be implemented by the provincial services of the Department of
Agriculture in the two concerned provinces under the supervision of the Ministry of
Agriculture and its specialized sections. Technical assistance provided under the project
would include one rural engineer, two extension specialists, and a training specialist.

Agricultural Production. As stated previously, the project would increase production of
glutinous rice under traditional farming practices by improving crop security. It would also
introduce (on a minor scale) dry season rice and would upgrade pig and poultry production
through progressive introduction of improved breeds.

In the low-lying rice fields, traditional rice varieties would continue to be grown, with no
use of fertilizers and pesticides. Through better crop security, average yields would increase
from 1 t/hato 1.4 t/ha of paddy over some 22,000 ha; this is an increase of 9,000 tons/
year. Total pig live weight would increase from 640 tons to 2,000 tons, while egg production
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ILLUSTRATION 19: LAO PDR, SE BANG FAI PIONEER PROJECT

Project Cost Estimates in 000 US$

Item Quantity Unit Total
Flood Protection
Cut-off dams 17 No. 535
Levee dykes 10 km
Irrigation
Derivation dams No. 165
Main distribution canals 5 km 10
Communication Network
Roads 60 km 600
Construction on dykes and dams 30 Km 240
Bridge 1 No. 10
Motor ferry 2 No. 70
Social Infrastructure
Borehole’s 100 No. 500
Dispensaries 6 No. 60
Ambulances 6 No. 60
Credit Requirements
Rice-mills 7 No. 140
Individual pumps 200 No. 100
Ducks and pigs (*000) 40 No. 40
Extension and Training
Extension officers 3 No. 30
Extension workers 32 No. 250
4-wheel drive vehicles 3 No. 15
Motorbikes (°000) 80 No. 24
Running costs of vehicles 100
Training and demonstration equipment 5
Project Management
Managerial staff 10 No. 120
Clerks, accountants, drivers 30 No. 225
Rural engineers 3 No. 20
Draftsmen, topographers 20 No. 90
Office and houses including equipment 100
Trucks 4 No. 40
4-wheel drive vehicle 15 No. 15
Motor bikes (*000) 50 No. 150
Running costs of vehicles
Technical Assistance
Foreign technical staff 5 1,150
Housing 50 50
4-wheel drive vehicle 9 No. 45
Running. costs of vehicles 50
Animal breeding unit 1 No. 25
Further studies 200
Maintenance of works (item 1 to 4) 650
Total 7,214
15% Contingencies 1,100
GRAND TOTAL 8,314
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would increase from 320,000 to 1,830,000/year. Net project incremental income would
reach about US$ 1.3 million annually at full development.

Benefits and Justification. The project would benefit some 8,000 families, solving their
main agricultural problem (high risk of crop failure due to flooding and drought). Net farm
incomes would increase by an average of 70 per cent. Added health facilities and village
water supplies together with improved transport networks would improve living conditions
in the area and ease marketing difficulties. Incremental rice and animal production would
substitute for imports and entail foreign exchange savings of about US$ 600,000 yearly.
The economic rate of return is estimated at about 12 per cent.

Lam Pao Irrigation Improvement Pioneer Project
(Thailand)

Background

Project Area. The Lam Pao project area is located in Kalasin province in the central part
of northeast Thailand. Most of the main irrigation works have already been completed,
including a large storage reservoir and main canals. The project area includes 4,500 to
5,600 ha, with a total of 50,000 ha available for wet-season irrigation and 25,000 ha
available for dry season irrigation at full development. The local relief within the project
area is varied; in the northern part, the ground falls from the main canal in a series of
terraces to the river plain, but in the southern portion the land slopes more regularly at
about 1 per cent from the laterals to the river. Areas of slightly higher ground are occupied
by villages but these cover relatively small areas.

Soils. The area selected for the pioneer project lies mainly on the leached sandy loams
which have been classified as suitable for both rice and upland crops, if provided with
adequate irrigation and drainage facilities. These soils total about 85 per cent of the
pioneer project area. The lower areas adjacent to the river have small areas of heavy clay
soil covering approximately 15 per cent of the pioneer area; these soils are also suitable
for rice cultivation. Both of the soil types are typical of the soils in the other drainage
basins of the northeast where major irrigation schemes are sited.

Socio-economic Factors. About 1,500 farm families live in the project area in 15 villages;
the average family size is about 6, including 2 to 3 adult farm workers. The cultivated area
per farm is usually between 2 and 4 ha, virtually all of which is devoted to paddy cultivation
on leveled and bunded plots. Plot sizes normally vary from about one-sixth to about one-
halfofa ha, depending on the land slope. On many of the farms, the plots held by individual
farmers are continuous, although often small and irregular because of the need to collect
and control rainfall. The problems arising from scattered and fragmented landholdings
have not been fully evaluated; the inheritance system is such that a farm is taken over by
only one offspring while the others clear and level new land elsewhere. The freehold
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ownership of land (through a title deed) is rare although almost all the land is holder-
operated. Most land is held under customary occupation and user-rights and is not
negotiable for sale or for mortgage.

The Project

Objectives. The pioneer project is to be a prototype model for accelerating development
of large areas in northeast Thailand which are currently served by major irrigation works
which have been completed or are under construction. The main problem on these projects
is the gap between the construction of major irrigation facilities and the utilization of water
for farm development. The primary objective of the pioneer project is to show how this
gap can best be bridged and to ensure the supply of irrigation water, in both the wet and
dry season, from the existing main irrigation facilities to the individual farm unit within the
service area of 40 ha (which comprises a farm turnout). The use of irrigation water in
quantities and at the time required by the crops would by itself bring substantial increases
inagricultural production in both seasons. Because of the general lack of firm information
about such development in the area and the need to build new procedures, evaluation, and
flexibility into the initial project, its costs will likely be substantially higher per hectare than
those anticipated for the expansion based on its results. The increase in agricultural
production from irrigation, however, would justify the project in strictly economic terms
and the experience gained can be applied and repeated to other projects where major
irrigation facilities already exist. The project would, in short, determine the extent to which
irrigation and drainage facilities must be brought to the farmers' fields before the farmers
themselves can be expected to operate and maintain the new field channels.

Project Works. The Lam Pao reservoir was filled in 1969; the main canal and four lateral
canals are concrete-lined and were completed in 1970-1971. New project works will
include the rehabilitation of that portion of the existing main canal and four laterals which
extend through the project area; this would include the designing of the canals and the
stabilization of the deep-cut and spoil banks lining the canals. Channel structures and
additional outlets from the existing main canal and laterals will be provided, along with
better cross-channel drainage on the laterals. Distribution canals and drains would be
constructed to serve about 5,000 ha. The operation and maintenance equipment required
for the project are estimated to comprise three small excavators, vehicles, tractors, and
small tools. The project includes provision for improving existing roads in the area and
levelling the tops of canals so that they are useful for transport.

Cost Estimates. The preliminary total cost of the pioneer project is estimated at US$
3.8 million, of which the foreign exchange component is about 28 per cent. Project costs
are summarized in illustration 20.

Organization and Management. Since no public agency is as yet experienced in the
type of integrated organization and management which the Lam Pao project would require,
exclusive responsibility within the project area should be vested in an independent project

137



Agriculture in the Lower Mekong Basin: Experience from the Critical Decade of 1966—1976

138

ILLUSTRATION 20: SUMMARY OF COSTS FOR LAM PAO
PIONEER PROJECT

USS (thousand)

Local Foreign Total
Exchange

Land acquisition 80 - 80
Offices, camps, housing 100 - 100
Project equipment - 92 92
Construction 1,237 413 1,650
Consulting services 245 367 612
Farm credit 150 - 150
Maintenance equipment - 116 116
Project staff 165 - 165
Field crop promotion 100 - 100
Sub-total 2,077 988 3,065
Contingencies 25 per cent 519 247 766
Total 2,596 1,235 3,831

management authority, which would be directly responsible to the authority designated by
the Government of Thailand, perhaps in the Prime Minister’s office. The provision of farm
services would also be financed under the project, consisting of three categories of assistance
to the farmers:

a. A programme carried out to construct, operate, and maintain field channels through the
service units would require that the designs, supervision of works, and guidance in
operation and maintenance be given to the farmers by the project staff.

b. Projectagricultural officers would advise farmers on irrigated agricultural development
and farm intensification. These officers would work in close cooperation with the
credit services.

c. A special programme would be financed for demonstrating efficient field crop production.
Works under this programme will include the rationalization of field layouts and the
installation of better field irrigation and drainage on a selected number of the larger
farms in the area located on suitable soils. A small number of service units would be
involved during the first year, with the number subsequently expanding as necessary.

A shortand medium-term credit programme could be linked with the farm extension activities
in the project area. In some cases, loan terms would need to be tailored to the special
needs of the project. A special project credit fund would be made available through the
auspices of the Bank of Agriculture and Agricultural Cooperatives.
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Agricultural Production. The yields of rice, which is now grown under rainfed conditions
only are expected to be doubled from the present level of under one t/ha to over two t/ha.
It is believed that with a secure supply of water in the fields during the dry season, the
farmers would begin to grow rice and field crops during that period. After three or four
years, about half the farm area would be sown in the dry season.

Benefits and Justification. Given areliable and adequate supply of irrigation water, the
farmers should have a compelling income incentive to diversify their cropping patterns and
adapt new inputs. On the average it appears that a farm family should be able to increase
cash income at an annual rate of not less than 15 to 20 percent. The average gross value
output of a hectare of farm land under these assumptions would almost quadruple. Labour
returns would more than double, although most of the increased farm returns would, in
fact, result from the more efficient use of labour through its better distribution over the
year.

As the Lam Pao dam and main canal are already in existence, they have been treated as
sunk costs and only supplementary expenditures required to bring the water from the main
canals to the farms are include. The economic rate of return has been calculated on the
basis of assumed net additional income generated per family within the context of the
entire Lam Pao basin development, varying from 13 to 16 per cent, depending on the
speed with which the irrigated innovations are applied.

Northeast Thailand Pump Irrigation Pioneer
Project (Thailand)

Background

Project Area. The project covers three existing pump irrigation projects on the right
bank of the Mekong river in Nong Khai, including Tha Bo (cultivable area 1,500 ha,
irrigation area, 700 ha), Ban Mo (cultivable area 1,400 ha, irrigation area 1,000 ha), and
Muang Mee (cultivable area 1,000 ha, irrigation area 500 ha).

Service areas of the projects consist of river levees, old river channels, and poorly drained
swamp areas. The slope is generally away from the main river and poor drainage limits the
area to which intensive irrigation can be introduced. With the exception of Muang Mee,
the project areas are subject to flooding from the Mekong at about 10-year intervals. The
existing irrigation systems require extensive rehabilitation and reconstruction. Except at
Muang Mee, the electric pumps are operable but require overhauling. The canal systems,
however, will largely need to be replaced, due to poor design and neglect of maintenance.
The existing systems have no tertiary ditches, drains, or access roads. Agricultural supporting
services are generally weak, with a ratio of extension worker farmers at least 1 to 4,000.
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Soils. Soils are alluvial and are generally fairly heavy silty clays. About 10 per cent of the
soils are suitable for upland crops, which include sugar cane, maize, tobacco, and
vegetables.

Socio-economic Factors. About 2,000 farm families (14,000 persons) own land in the
project area. The average farm size varies from 1.3 ha at Muang Nee to 3.6 ha at Tha Bo.
Less than 10 per cent of the farmers are tenants. Less than 10 per cent of the cultivable
area is cropped in the dry season, but some revenue is being collected from the farmers to
cover part of the operating costs of the rainy-season irrigation system

The Project

Objectives. The main objective of the project is to demonstrate solutions to the technical
and managerial problems that have prevented the full realization of benefits from the existing
pump irrigation projects in northeast Thailand. On the technical side, the aim is to rehabilitate
and improve the pumping and conveyance systems to a level permitting a high cropping
intensity and the use of high-yielding rice varieties. This will require on-farm development
in and the establishment of proper operation and maintenance procedures. On the
managerial side, an attempt will be made to develop close cooperation between the various
disciplines providing services to agriculture and to provide a transition between government
control and eventual local control of the systems. Finding the best method of doing this
will be one of the major pioneering aspects of the project.

Project works. The project includes the following works on the pumping and conveyance
systems:

a. The Bo: rehabilitation of the pumping station; intake protection works; replacement
of delivery pipeline; reconstruction of the canal system, with service roads and
telephone links; construction of on-farm and main drains; and minor leveling;

b. Ban Ho: similar to Tha Bobut, but also includes re-siting of the pumping station;

¢. Muan Mee: similar to Tha Bo but also includes purchase of two turbine pumps
and construction of a pumping station.

On-farm works will be provided to ensure proper water control at the farm level and
adequate access to the farms. This would comprise a system of territory ditches and
drains, spaced at about 150-250 m, with farm roads along 40 per cent of the ditches. In
order to achieve a rational and economical layout, some boundary realignment would be
required, together with a moderate amount of land levelling.

Cost Estimates. Total project costs are estimated at US$ 2.9 million, of which US$
293,000 would be for project monitoring and further studies. The foreign exchange component
is estimated at US$ 1.5 million. Project costs are summarized in illustration 21.

Organization and Management. The Royal Irrigation Department (RID) would be
responsible for implementing all civil works, including on-farm development. The RID
would be assisted by a firm of consulting engineers in rehabilitation and improvement of
existing works and in establishing operation and maintenance procedures.
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ILLUSTRATION 21: SUMMARY OF PROJECT COSTS OF THE
NORTHEAST THAILAND PUMP IRRIGATION PIONEER PROJECT
Item Local | Foreign | Total | Local Foreign | Total
Baht million USS$ (thousand)

Pumping stations 3.4 5.0 8.4 170 250 420
Irrigation and drainage 4.6 2.5 7.1 230 125 355
On-farm development 5.0 33 8.3 250 165 415
Miscellaneous items 3.5 2.8 6.3 175 140 315
Engineering and consultants 3.3 4.0 7.3 200 340 365
Sub-total 19.8 17.6 37.4 990 880 | 1,870
Physical contingencies 1.7 1.9 3.6 85 95 180
Price contingencies 5.4 6.0 11.4 270 300 570
Total 26.2 25.5 52.4 1,345 | 1,275 | 2,620
Project monitoring and evaluation | 1.3 0.3 1.6 65 15 80
Studies for future projects 0.6 34 4.0 30 170 200
Grand total 28.8 29.2 58.0 1,440 | 1,460 | 2,900

The RID would be responsible, at least in the early years, for operating the pumps and
primary canals, but operation and maintenance of the secondary and tertiary systems
serving units of about 100 ha would be the responsibility of the farmers themselves,
organized into water-user groups. Each group would be headed by a common irrigator
who would be responsible for determining water releases within the service unit and for
collecting water charges.

Improvements in the quality and intensity of extension in the three concerned areas would
emphasize the training of 1eading project farmers to serve as extension workers. The
Department of Agricultural Extension would appoint a Project Extension Officer for each
command area to develop and manage a small agricultural unit. Selected farmers would
be recruited and trained as extension personnel. Credit would either be provided by
strengthening the cooperatives in the project area, or by stationing a credit agent in each
pump area from the Bank for Agriculture and Agricultural Cooperatives, which would be
the main institutional credit source. Multi-purpose cooperatives would also be established,
as for the tank irrigation project.

Agricultural Production. As aresult of the project, the cropping intensity of the 2,100
hato receive irrigation would increase from 110 per cent at present to about 190 per cent.
There would be a shift from broadcast to transplanted long-strawed, early-maturing native
varieties in the lower-lying areas and high-yielding varieties would be introduced in the
flood-free irrigated area. The area devoted to upland crops, such as sugarcane and tobacco,
would remain small but cropping intensity would increase. Rice yields would improve due
to greater water control and a greater use of cash inputs and improved farming practices,
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resulting from the sustained extension effort under the project. Paddy yields would increase
from the present 1.6 t/ha to about 3.3 t/ha for native varieties, and 4.7 t/ha for high-
yielding varieties, at full project development. Net farm income for a 1 ha farm would be
approximately doubled.

Benefits and Justification. Although the sub-projects are not ideal sites for pumped
irrigation, due to flooding and drainage constraints, rehabilitation and completion of the
existing projects, together with the provision of strong supporting services, would be
justified. Successful pioneer project would provide a model for similar rehabilitation or
new pump irrigation projects along the banks of the Mekong. The project would

approximately double employment opportunities and farm income in an area of about
4,000 ha.

The economic rate of return was found to vary from 13 per cent for Muang Mee to 19 per
cent for Ban Mo to 21 per cent for Tha Bo, with the whole project returning 18 per cent.
It was found that projects of this kind should give an acceptable rate of return (15 per
cent) with total investment costs, at 1974 prices, of up to about US$ 1,400/ha. Present
and projected production values are presented in illustration 22.
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ILLUSTRATION 22: NORTHEAST THAILAND PIONEER PUMP IRRIGATION PROJECT
Present and Projected Production Values

Cropped Yield Farm-gate  Gross Production NetValue NetReturn
Area Price Value of Costs® of from
(ha) (ton/ha) (Bht/ton) Production (Bht/ha) Production ProjectArea
(Bht/million)
Wet Season (irrigated) Present Production
Broadcast paddy® 250 1.1 2,200 2,400 600 1,800 0.5
Transplanted paddy® 1,600 1.6 2,200 3,500 800 2,700 43
Others’ 350 - - 5,000 2,000 3,000 1.1
Sub-total 2,200 59
Dry Season (irrigated)
HYV paddy 160 2.8 2,200 6,100 1,700 4,400 0.7
Others’ 200 - - 5,000 2,000 3,000 0.6
Sub-total 360 13
Total 2,560 7.2
Cropping Intensity 116
Wet Season (irrigated) Projected Production at Full Development
Transplanted paddy® 1,100 32 2,200 7,000 2,000 5,000 55
HYV paddy 600 46 2,200 10,100 2,400 7,700 46
Others’ 500 - - 6,000 2,500 3,500 1.8
Sub-total 2,200 119
Dry Season (irrigated)
HYV paddy 1,700 47 2,200 10,300 2,500 7,800 133
Others’ 300 - - 6,000 2,500 3,500 1.1
Sub-total 2,000 144
Total 4,200 26.3

Cropping Intensity (%)

3" All Production costs exclude payments for labour

¢ Local varieties

7 Comprising sugar cane, tobacco beans and vegetables
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Northeast Thailand Tank Irrigation Pioneer
Project (Thailand)

Background

Project Area. The project area consists of the command areas of three tanks, each
taking the name of the stream on which it is constructed: Huai Chorakne Mak, Huai Talat,
and Phok. The total drainage area is 1,040 km?; live storage capacity is 52 million m’; the
area to be irrigated includes 3,440 ha in the wet season and 890 ha in the dry season.

The service areas consist of narrow strips of flood plains and low river terraces bordering
the rivers on which the dams have been constructed. Most of the land has been cleared
and is used for cultivation of a wet-season crop of long-duration transplanted native rice
varieties. About 100 ha is used for upland crops in the dry season with irrigation from the
canals or the rivers. Paddy yields are about 1.1 t/ha. The average farm size in the service
areas is about 2.5 ha and the land holdings are often fragmented.

Each ofthe dams consists of a low earth embankment, about 5 m high, with a concrete
spillway and reservoir outlet. The dams have deteriorated since construction, due to
inadequate compaction and excess seepage, erosion and insufficient freeboard. In one
case, extension of the spillway is required. The main canals, which total 93 km in length,
have mostly been excavated to their design lengths, but due to neglect or maintenance,
only one is operative for its full length. About 30 percent of the canals are lined, but the
lining has deteriorated in many places.

Soils. Soils are low humic gleys derived from alluvial material; they are characterized by
ahigh content of fine sand and silt in the upper horizons, with underlaying horizons of hard
impermeable silty clay.

The Project

Objectives. The aim of'the project is to develop engineering and organizational solutions
to the problems which have heretofore stood in the way of effective utilization of existing
tanks in northeast Thailand. The project will include repairs and improvements to the
dams and spillways: rehabilitation and improvement of about 80 km of primary canals;
construction of secondary and tertiary canals and drains serving about 3,400 ha; improved
standards of operation and maintenance; improvements in agricultural extension and other
supporting services; and technical assistance in project implementation and the identification
and preparation of similar projects for tank rehabilitation.

Following areview of 30 of the largest existing tanks, three tanks were selected because
the records showed that they filled in most years and hence would provide a reliable
supply of irrigation water.
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Project Works. The three existing earth embankments forming the tanks would be repaired
and improved to ensure their stability and safety from wave action and seepage. The crest
level of the Lam Phok dam would be raised by 0.5 m to provide adequate freeboard.
New gates would be installed at the Huai Talat spillway. At Lam Phok, the flood discharge
capacity would be increased by construction of an additional spillway structure.

Of'the 83 km of existing primary canals, some 27 km have been lined with concrete. In
the lined sections, the damaged portions of the concrete lining would be repaired or replaced.
The unlined sections, of which parts are badly deteriorated, would be restored to their
design profiles and cross-section. Service roads with a 3.5 meter-wide laterite surface
would be provided along the main canals and some of the larger secondary canals. The
secondary canals and drains would be provided to serve blocks of about 100 ha, and
tertiary canals and drains would be provided to serve units of about 5 ha. Land consolidation
and land leveling would be carried out on about 100 ha in each tank service area, to
provide experience for more intensive development in the future.

Cost Estimates. Total project costs are estimated at US$ 3.9 million, of which the
foreign exchange component is estimated at US$ 1.8 million. Costs are summarized in
illustration 23.

ILLUSTRATION 23: COST SUMMARY FOR THE
TANK IRRIGATION PIONEER PROJECT
Item Local Foreign Total Local Foreign Total
(Bht. Million) (US$ thousand)

Dam rehabilitation
Canals and drains: 4.6 32 7.8 230 160 390

Primary 6.6 42 10.8 330 210 540

Secondary 6.3 4.0 10.3 315 200 515

Tertiary 1.7 1.0 2.7 85 50 135
Buildings 1.5 0.5 2.0 75 25 100
Vehicles and equipment 0 1.5 1.5 0 75 75
Surveys and mapping 0.6 0.4 1.0 30 20 50
Consulting services 1.2 4.2 54 60 210 270
Engineering and Supervision 2.5 0 2.5 125 0 125

Sub-total 25.0 19.0 44.0 1,250 950 2,200
Physical contingencies 4.8 32 8.0 240 160 400
Price contingencies 10.2 7.8 18.0 510 390 900

Total 40.0  30.0 70.0 2,000 1,500 3,500
Studies for future projects 1.5 5.0 6.5 75 250 325
Project monitoring 1.1 0.4 1.5 55 20 75

Grand total 42.6 35.4 78.0 2,130 1,770  3.900
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Organization and management. Following an organization pattern which has been
adopted by the government for other irrigation projects, the Royal Irrigation Department
(RID)would be responsible for implementing all civil works including on-farm development.
The RID is planning to set up a special unit for on-farm development, whose staff could
receive the necessary in-service training for the layout and design of the secondary and
tertiary systems.

The RID would be responsible, at least in the early years, for operating the dams and
primary canals. Operating and maintenance of the secondary and tertiary systems serving
blocks of about 100 ha would be the responsibility of the farmers themselves, organized
into water user groups. The RID would encourage the formation of these groups and
supervise the standards of their work. Each group would be headed by a common irrigator
who would be responsible for determining water releases within the service unit and for
collecting water charges.

One of the major purposes of this project would be to develop organizations capable of
managing small irrigation projects, with a minimum of assistance from the government.

The type of organization required would be a multipurpose cooperative which would
eventually assume responsibility for operation and maintenance of all civil works including
the dam as well as the prevision of agricultural extension, credit, and marketing services.
Arrangements would therefore be made with the Department of Cooperative Promotion
to design the organizational framework of three multipurpose cooperatives for each tank,
in close cooperation with the RID and the Department of Extension.

Agricultural Production. As aresult of the project, the cropping intensity on the area to
receive irrigation (3,400 ha) would increase to about 125 per cent. In the wet season,
traditional varieties would gradually be replaced by high-yielding varieties on about 75 per
cent of the irrigated areas. Dry season cropping would be divided almost equally between
high-yielding rice, legumes (groundnuts and mung beans), and vegetables. Paddy yields
would improve due to greater water control and a greater use of cash inputs and improved
farming practices, resulting from the sustained extension effort under the project. Paddy
yields are estimated to increase from 1.1 t/ha at present to 2.8 t/ha for traditional varieties
and to about 4.2 t/ha for high yielding varieties. Vegetable yields would approximately
double, to 9 t/ha, and legume yields would increase from 0.8 to about 1.3 t/ha. Paddy
production would increase from about 6,000 to 14,000 tons as a result of the project.

Benefits and Justification. The proposed project would be justified both on its own
merits and as a pioneer project leading the way to further irrigation development of this
type in northeast Thailand. The economic rate of return would be 16 per cent. The
individual sub-projects show little difference in the rates of return, as differences in their
investment costs per hectare are mainly attributable to the costs of repairing the dams and
spillways. These costs were omitted in the economic analysis, as it was considered that
these expenditures would in any case be essential to safeguard life and property.
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Nong Wai Irrigated Agriculture Pioneer Project
(Thailand)

Background

Project Area. The project area is located on the right bank of the Nam Pong river,
stretching for more than 30 km in the vicinity of Khon Kaen. The total area covers some
15,000 ha, of which about 13,500 ha can be irrigated. Well over 50 per cent of the
project area is under rice cultivation. Due to soil conditions, the cultivation of vegetables
and garden areas is restricted to the levees of the major water courses. The project area
is typical of rice-growing areas in northeast Thailand

Soils. Most of the soils are of alluvial origin. About 43 per cent of the soils are alluvial
hydromorphics and consist of clay throughout the profile. Low humic gley soils cover
about 26 per cent of the area and are located on low and middle terrace formations. The
top soil consists of loamy sand in the higher sections and clay loam in the lower sections.
Soils located on the high and upper levels of the middle terrace consist mainly of grey
podzolics and cover about 7 per cent of the area; the topsoil texture ranges from sand to
sandy loam over a sandy loam to sandy clay loam subsoil. Several other soil types are
currently covered in forest.

Socio-economic Factors. The present farm population is about 25,000, occupying 33
villages within the project area; the 3,500 farms have an average household size of 6.9 and
an average labour force of 4. Based on the fact that not all the land is currently being
cultivated and the population growth trends, it can be assumed that with full implementation
of'the project area, a total of 36,000 people with 5,200 farms of 16 rai each will occupy
the area in 1985.

The Project

Objectives. The main objective is to develop a complete programme for effective and
efficient water-use, which, based on existing water resources and facilities to be developed,
would ensure adequate support for the accelerated development of agriculture in the project
area. This would include improvement and extension of existing irrigation and drainage
facilities, with special emphasis on the provision of necessary terminal facilities; on-farm
development and land leveling and consolidation; establishment of feeder roads and market
structures; institutional development, including farmers’organizations, credit support research,
training, and extension activities; livestock development; and agriculture-related industries
which will emphasize the utilization of local raw materials and manpower resources.
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The programme for the development of agriculture takes into account the human factor
and the present situation of the farmers. The change from subsistence to surplus farming
can only be achieved gradually, requiring intensive assistance to the farmer.

From a purely economic point of view, based on net production values, it would appear
that the farmers should concentrate their attention on one or two crops, but restrictions
imposed by labour availability, risk factors, and the need for home consumption preclude
such development. On the other hand, a strong case can be made for crop diversification;
activities such as the organization of marketing or the establishment of processing facilities
for tomatoes, the canning of fruits and vegetables, oil extraction and animal feed milling in
the project area will give farmers the market assurance they need for a diversified pattern
of crop production.

The implementation of the irrigation system requires certain land consolidation measures
to assure that all farms receive an equitable share of irrigation water. Because Thailand
does not yet have a law governing land consolidation, the project can only be initiated
when the farmers agree on a voluntary basis, though cooperation with the Land Department
is essential for the legal aspects.

Project Works. After the construction of the main irrigation system, a network of tertiary
canals was built in the project area to bring irrigation water into the service area. However,
only a few of these ditches were in use during the last irrigation season and in most of the
project area the minor irrigation system is completely inoperable. The layout for the majority
of ditches, based on inadequate topographic maps, needs improvement. Long and cross
sections are very irregular; the flow is too large and cannot be properly controlled. Many
plots are out of command and others receive water only through adjacent fields (a situation
fraught with potential conflicts among the farmers).

Project works include a 50 ha demonstration plot, a main irrigation and drainage system,
flood control measures, works on the farm level, the establishment of a training centre and
provisions for maintenance of the irrigation scheme. For adequate operation and
maintenance, roads will be required along all major irrigation canals and also along the
flood embankments. This does not apply so much for the major drainage channels. Siltation
will not be a problem here and the channels do not carry any structures which require
regular attendance. The roads will also improve the communication between the most
important villages, opening the entire area to improved markets. Together with a network
of farm roads, each giving access to individual holdings, they will link up with the major
road system and thus constitute an integral part of the infrastructural requirements for
accelerated development of the Nong Wai project.

Cost Estimates. The estimated investment for the construction works in the minor systems
and at farm level will amount to about US$ 3.4 million, an investment of about US$ 240/
ha. If the future construction costs for the main systems, flood control and half the main
road investment are related to the irrigable area, the anticipated investment increases to
US$ 345/ha.
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Organization and management. Implementation and operation of the irrigation scheme
is coordinated around the establishment of a single, multi-purpose cooperative society.
This cooperative will serve the total project area, assuming the responsibility for irrigation
services, supply of credit, marketing of products and extension services; it would also
ensure the full participation by the farmers. With a minimum membership of 3,500 (the
present number of farm units), the cooperative could become a self-sustaining organization.
While the project area stretches over more than 30 km from north to south, one association
should be able to render services to all members, provided that the facilities are adequately
distributed over the total area.

The cooperative will work with government authorities throughout the implementation and
operation of the pioneer project. However, during the initial phase, substantial support
from the government will be necessary. It will be difficult for any of the existing government
departments to handle the promotion of the association alone; its success will depend on
the coordinated efforts of all governmental agencies concerned. Therefore, a promotion
committee should be organized under the Ministry of National Development, including
officials from the Department of Land Cooperatives, Royal Irrigation Department,
Department of Credit and Marketing Cooperatives, Department of Agriculture Extension,
and the Bank for Agriculture and Agricultural Cooperatives as committee members.

Due to the administrative organization of the governmental agencies with fragmentation of
power and competences, several different ministerial departments are currently handling
the services and projects within the Nong Wai area. The overlapping of works and
resources have caused subsequent results to be unsatisfactory. The maximum effectiveness
of a pioneer project in irrigated agriculture, such as the Nong Wai project is intended to
be, can only be achieved if all governmental efforts and international aid programmes are
concentrated and well coordinated. This approach must be applied during both the planning
and implementation period, as well as during the following period of agricultural operation.

It would be unrealistic to have the project solely implemented by one of the existing
government departments, since none of the departments is currently able to render all the
required services with an optimum of effectiveness; the integrated programme calls for
interdepartmental contributions from all agencies involved. In order to avoid the present
lack of cooperation, it is necessary to entrust the overall responsibility for the total
programme to one agency, which might be named “Nong Wong Wai Project Office”.
While this agency should be a temporary institution, it should be maintained during the
entire implementation period (1971-1984).

Agricultural Production. Current production at Nong Wai is to a large extent subsistence
production which never reaches the market. An agricultural development programme
under irrigated conditions, however, would mean a large increase in agricultural production,
most of which will be marketed. In illustration 24 the net production value of agricultural
production in Nong Wei has been calculated under full development (1984), when all
farms in the area will have reached their maximum production potential. Total annual
income from both crops and animals will amount to more than US$ 20 million. Income
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from off-farm activities will no longer significantly contribute to the farmers' income; it must
be assumed that under irrigation conditions with two crops, the farmers will be fully employed
inagriculture.

On the basis of an average farm at 16 rai, with 6.9 household members, farm income and
per capita income will reach 20,000 baht and 2,900 baht respectively, an income increase
of 340 per cent over present levels

ILLUSTRATION 24: ANNUALINCOME FROM AGRICULTURE
INNONG WAI UNDER FULL DEVELOPMENT

Production Total annual income Perfarm Per capita.
Bht million Bht Bht
Crop husbandry 83,780 15,995 2,318
Livestock 21.753 4.153 602
Total 105,534 20,148 2,920

Benefits and Justification. A cost/benefit analysis of the investments over a period of 30
years, disregarding the expenditures for the main canals, indicates an internal rate of return
of 31 per cent. The exclusion of the investments on the main canals is justified because
they are past expenditures and play no role in the decision concerning the profitability and
desirability of the envisioned supplementary irrigation works. With the inclusion of the
canal construction costs, the internal rate of return falls to 10.7 per cent.

Go Cong Gravity Irrigation Pioneer Project
(Viet-Nam)

Background

Project Area. The project is situated in the northeastern corner of the Mekong delta
about 40 km southwest of Ho Chi Minh City and is accessible by excellent paved roads.
Access to this area is also possible by navigation via the Cho Gao canal or the nearby
Rach Go Congriver. The project area, covering 7,400 ha including 6,300 ha of net irrigable
area, was selected as representative of the eastern coastal region of the Mekong delta in
Vietnam and its problems typify that region’s major physical constraints: non-availability of
fresh water supplies during much of the dry season; periodic flooding; sluggish surface
drainage; saline soils; and inadequate farm-to-market roadway access. The project will
demonstrate effective water control and adequate utilization of land and water resources
through complete and closely coordinated systems of gravity irrigation, drainage, flood,
and salinity control, and a suitable programme of agricultural services to support intensive
crop production and integrated agricultural development in a 6,300 ha service area.
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Soils. The soils are uniformly heavy-textured, poorly-drained, and slowly permeable.
Soils situated in depression areas along streams, which turn highly saline early in the dry
season, are the least productive soils in this area, with an especially high groundwater table
and excessive salt content. These soils are currently planted only in the wet season to
certain salt-tolerant but low-yielding rice varieties. Most of the other soils are generally
suitable for intensive year-round paddy cultivation.

Socio-economic Factors. The project area is one of the most densely populated areas
in the basin. The 6,700 ha of land cultivated at present are used by 4,270 farm households
averaging about 6.6 persons per household for a total population of about 28,000. Most
farmers in the project area operate 1-2 ha of cultivated land, but one third of the farmers
cultivate less than 1 ha each; nearly all of the farmers own their land.

Despite the salinity problems in the low-lying area, single crop paddy production has been
maintained on around 6,540 ha, or nearly 98 per cent of cultivated land area, supplemented
by only small patches of dryland crops, vegetables and banana and coconut trees near the
houses. Only 340 ha of paddy land was double-cropped in 1972.

About 35 per cent of the local rice production entered the commercial market. Most
farmers sold their produce to village paddy collectors and local mills and the rice was
ultimately collected and transported to Ho Chi Minh City by the larger dealers.

The Project

Objectives. Water quality is the over-riding consideration in any proposal to provide
irrigation in the project area. Most of the available water in the dry season has salinity
levels much in excess of value considered to be acceptable for irrigation of rice, but
measurements show that the Song My Tho canal in the vicinity of the project area normally
exhibits salinities higher than acceptable only about 2 to 3 months each year (March-
May). Irrigation from this source would thus permit large-scale double cropping in the
project area, though planting dates for the second crop would still have to be rigidly
scheduled to permit cessation of irrigation before the late dry season period.

The objectives of the project include supplying the 6,300 ha pioneer project with irrigation
water, averaging 140 million m*/year; improvement of the present sluggish drainage
conditions; prevention of the recurrent flooding of the low-lying lands during high tides;
and improvement of the road system. Another primary objective of the project is to
achieve, on the basis of full irrigation and effective water control, a system of farming that
promises maximum area-wide increases of farm production and income, a system which
is stable and enduring, insensitive to weather fluctuations and conducive to continuous
improvement of land productivity. Detailed investigations have established the fact that for
the Go Cong area and for the eastern coastal region as a whole, the best alternative is
intensive double-cropping of rice for the foreseeable future.

Project works. Project works will include construction of intake structures on the Song
My Tho, along with feeder canals; enlargement of existing pumping installation; enlargement
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of existing main canal and construction of a new irrigation network, including 14 irrigation
laterals totaling 53 km in length, which in turn will feed on a rotating basis some 350 km of
sub-laterals, each serving about 50 ha; improvement of the drainage conditions by means
of construction of about 400 km of new lateral and sublateral drains and by providing
egress of drainage flows from this system through five major sluices; prevention of recurrent
flooding by means of a dike averaging one metre in height along the northern edge of the
project area; and strengthening of agricultural services and improvement of local farmers’
organizations.

Cost Estimates. The project cost will be about US$ 7.1 million ($ 2.1 million in foreign
exchange). Illustration 25 gives a summary of the project cost.

Organization and Management. The executing agency for the proposal project will be
the Ministry of Agriculture. For the execution of the construction works under the project,
a Go Cong pioneer project office would be established to prepare budgets, supervise
consultants, initiate procurement procedures, prepare tender documents and evaluate bids
for procurement of goods and services, supervise project construction, prepare the initial
operation of the agricultural development programme, and serve as liaison with other
concerned government agencies. Operation and maintenance of newly completed project
facilities during the construction period will be the responsibility of an operation and
maintenance section in the project office.

ILLUSTRATION 25: COST ESTIMATE: GO CONG (VIET-NAM)
ADB Appraisal Mission’s Cost Estimate for the Project a/
USS (thousand)
Item Total Local Foreign
A. Land Acquisition 423 423
B. Civil works

Construction 3.830 3.830
Materials 710 - 710
Machinery and Equipment 225 - 225
Sub-total 4,765 3,830 935
C. Consulting Services 634 150 484

D. Operation and Maintenance,
Agricultural Equipment 299 - 299
E. Contingencies 979 597 382
Total (A through E) 7,100 5,000 2,100

A Go Cong agricultural development centre will be established in the third year of project
implementation to provide and coordinate agricultural development services to the farmers
in the project area. A farmers’ education and technical services section will be responsible
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for seed multiplication, farmer education and training, advisory services on the proper use
and maintenance of farm machinery, demonstration and extension of suitable types of
paddy driers, technical services for improving livestock production, and provision of
marketing assistance and other extension services. A rural credit and farm supplies section
will be responsible for the assessment of the credit and farm input needs and for assistance
in their timely procurement and distribution. A farmers’ organization section will be
responsible for providing necessary assistance to existing farmers’ associations to enable
more active participation of local farmers in the agricultural development process. The
Agricultural Development Centre will continue to operate until about 1984, the target year
for the full realization of the projected productivity improvement. It is envisaged that after
1984, a major part of the agricultural extension work would be taken over by the then-
revitalized local farmers’ organizations.

Agricultural Production. Asthe project is implemented, more intensive and productive
agricultural use of the land and water resources in the project area would be made possible.
With the project, nearly 90 per cent of the project area would be double-cropped compared
with only about 15 per cent at present. The yield of paddy would increase from the current
level of 2.1 t/ha to about 3.8 t/ha by 1984. Annual incremental production attributable to
the project would then amount to about 24,000 tons of paddy and some 6,000 tons of
various crops. The annual incremental production net value, allowing for cultivation and
harvesting costs, is estimated at about US § 1.35 million in 1984, expressed in 1974
dollars.

Farmers will be the direct beneficiaries of the project, with present average annual farm
income rising from US$ 265 to US$ 747 by 1980 and US$ 833 by 1984. The average
net farm revenue per ha will increase from US$ 117 in 1973 to US$ 413 in 1980.

Benefits and Justification. The project would create new permanent jobs for the
operation and maintenance of project facilities and for the provision of strengthened
institutional services. In addition, an annual supply of about 450,000 additional man-days
of farm labour would be needed to meet labour requirements for intensive double-cropping
of paddy, which would provide further on-farm employment to benefit particularly the
smaller farmers in this area.

After the completion of project facilities, the period during which river water of acceptable
quality for domestic use can be reliably delivered to Go Cong city by the Tham Thu canal
will be extended from about 7 months to about 9 months in a year, with corresponding
reduction of the period over which trucking of water at high cost is necessary. Construction
of new roads under the project will also bring benefits to the farmers in the area. Further,
the success of this pioneer project would be of great significance to the overall rural
development in the Go Cong area, and, because of its demonstration effect, would facilitate
large-scale development efforts throughout the delta region.

On the basis of projections of economic benefits and costs, the project’s internal rate of
return is estimated at 13.4 per cent.
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Tiep Nhut Salinity Control Pioneer Project

Background

Project Area. The project area is in the Mekong delta, about 140 km from Ho Chi Minh
City. It comprises 50,000 ha along the right bank of the Bassac river, near its outlet to the
South China sea. The project lies entirely in Ba Xuyen province and is in many ways
typical of large areas in the coastal region of the delta subject to seawater intrusion, soil
salinity, and inadequate surface drainage. The project area is roughly in the shape of a
triangle with its apex at the town of Dai Ngai. Its eastern side flanks the Bassac and South
China sea: its base along the south is defined by the My Thanh river; and its western side
fronts the Saintard canal from Dai Ngai to Bai Xau and the Du Tho river from Bai Xau
south to Hoa Tu. About 46,000 ha are potentially cultivable, and the remainder is taken
up by villages, roads, canals, rivers and swamps.

The project area is fairly flat, rising from sea level to about 2.5 m MSL. The general slope
of the land runs down from the eastern portion along the Bassac river to depressions in the
south and west. Low-lying zones are adjacent to some of the natural channels intersecting
the area, but there is also a network of canals. Relatively high areas are well-drained, but
lower land is subject to flooding by excessive ponding of runoff or by seawater inundation.
For these reasons about 16 per cent of the total area is not farmed, especially along the
coastline. Deeply ponded areas will not be suitable for improved rice varieties without
better drainage, nor could the saline coastal areas be cultivated without protection.

Both drainage and seawater intrusion are related to tidal variations in the Bassac and My
Thanh rivers. The maximum tidal range of the South China sea in the project area is about
3 m, though at Tan Thanh and Bai Xau, this range is reduced to 2 m owing to the damping
effect of the Saintard canal and the My Thanh and Du Tho rivers. Within the project area,
tidal fluctuations are further reduced by existing control structures; for example, the water
surface of the Cai Xe canal varies by no more than 20 cm as a result of the Ngan Ro dam.

Asriver discharges decrease in the dry season, the fresh/salt water interface moves inland
from the South China sea. Along the Bassac, the salt front reaches Long Phu in February
and Dai Ngai in late March. Movement up the My Thanh and Du Tho rivers is more
rapid, with salt water reaching Hoa Tu in December, only one month after the end of the
rainy season. Farmers report that the reach of the Saintard canal between Chau Khanh
and Sung Dinh never becomes saline; this is probably due to the fresh water carried
toward the project area by the Maspero canal, which draws water from the Bassac at An
Ninh, some 30 km upstream of Dai Ngai and well above the northern-most front of seawater
intrusion. As flows rise with the onset of the wet season, the fresh/salt water interface
withdraws from the project area. Most points within the project area, have a period during
which the local waterway is too saline for irrigation purposes.

Soils. The soils are predominantly heavy alluvial clays, with the exception of some young
river and marine sediments along the banks of the Bassac and some locally disturbed soils
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along the main canals. Land capability studies have shown that about 20,000 ha have no
serious limitations for agricultural production other than a lack of freshwater for irrigation.
The remaining area suffers in varying degrees from periodic saltwater inundation and flooding
from storm runoff. Soil salinity is reduced by heavy rainfall during the rainy season to
levels where paddy can be cultivated, but the growing season is often curtailed if the rains
are late or end too early.

Socio-economic Factors. Villages are scattered through the area, with a total population
0f' 860,000 (1973). Khanh Hung is the provincial capital, and with Bai Xau provides
administrative, agricultural processing and marketing centres. Land reform in recent years
has resulted in most of the land being cultivated by farmer owners. The average farm size
is 2.8 ha, with about 70 per cent of the holdings ranging between 1.5 and 3.0 ha in area.
Of'the 46,000 ha of potentially cultivable land, about 37,000 ha is currently being cultivated.
The uncultivated land is mostly along the My Thanh river and is inundated by seawater for
most of the year through breaches in the dikes which formerly protected the area. A single
wet-season crop of transplanted rice is the main crop in the project area. High yielding
varieties are grown on about 4 per cent of the area and only 100 ha produce rice in the dry
season. Yields average 2.3 t/ha overall, with ranges from 1.4 to 2.5 t/ha for local varieties
and 3.5to 4.0 t/hafor HY'V.

Objectives. The main objective of the project is to improve conditions for rice cultivation
inan area of about 46,000 ha which is currently subject to salinity intrusion and inadequate
surface drainage. It would provide facilities for low-lift pump irrigation on 15,000 ha of
which about 7,000 ha would receive a water supply for a dry season crop. The projectis
intended as a forerunner of similar large-scale projects in the coastal areas of the Mekong
delta subject to salinity intrusion and inadequate drainage.

The proposed project would include: (a) construction of a system of small dams, sluices,
and dikes to control water levels and water quality over an area of about 46,000 ha; (b)
rehabilitation of existing laterals and construction of new lateral canals; (¢) bulk procurement
of about 2,500 low-lift irrigation pumps and on-farm works for an area of about 15 ha; (d)
establishment and operation of a development centre to provide agricultural supporting
services; (e) construction of buildings and procurement of vehicles and equipment for
project implementation and operation; (f) consulting services to assist the government in
project implementation, operation, and maintenance of the works, including data collection
and analysis: (g) technical assistance in the establishment and operation of the development
centre; and (h) consulting services for studies of future developments within and adjacent
to the project areas.

The approach to salinity control adopted for this project involves construction of 11 small
dams on the canals and rivers subject to salinity intrusion; this approach is advantageous
over building a single large dam on the My Thanh river in that it poses no major engineering
problems requiring lengthy investigation and would provide salinity control and drainage
works for a large area at a relatively low cost.
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The proposed works will lengthen the period in which freshwater would be available in the
canals and rivers of the project area. The number of points where freshwater could be
introduced to the project area would depend on the time of the year. An ample supply of
freshwater would be available from July through December for the 5,000 ha which it is
assumed would receive supplementary irrigation (HY'V are already cultivated on about
2,800 ha in the wet season), because the water would be fresh on more than half of the
periphery of the project. By the end of March, however, the advance of the salt water
front would leave the intake points on the Saintar canal as the only sources of freshwater,
and withdrawals in March and April might cause a further advance of the salt water front
inthe canal. In view of this, a conservative estimate of 7,000 ha has been adopted as the
area which could be supplied with fresh water in March and April. This would support a
dry-season cropping intensity of just under 50 per cent.

Project Works. The proposed water control system includes 11 dams. Four have already
been built, and some preliminary work has begun on the Long Phy dam. The project will
include completion of the Long Phu dam and the construction of six new dams, with a
typical dam consisting of an earth embankment across the canal or river and a control
structure in an adjacent by-pass channel. The control structure is usually in the form of
several culverts which can be closed by slide gates on the upstream or landward end, and
flap gates on the downstream end.

The purpose of the dams is to control water levels and water quality in the project area. In
addition to preventing salinity intrusion, the dams will be operated to drain the project
area; during the periods of high rainfall, the slide gates would be opened and water flow
out of the project area through the flap gates on the falling tide. As the tide rises, the flap
gates would close and prevent return flow. During the dry months of the rainy season, the
dams would be operated to raise water levels in the canals by opening the slide gates and
flap gates at high tides, and closing them on the falling tide. This would be done only
where the outside water quality is suitable for irrigation.

A perimeter dike system to exclude tidal overflow into the project area will extend from
Dai Ngai in the north, down to the right bank of the Bassac, up the left bank of the My
Thanh, and along the Du Tho river to Bai Xau. The dike would be a simple earthfill
embankment with a4 m crest width and a parallel collector drainage ditch running along its
inner side. The excavation of 83 km of collector ditches along existing and new dikes
would provide the fill material required for these low embankments.

Canal construction required for the project would consist of deepening of 35 km of existing
canals and constructing 65 km of new laterals. The three existing major east-west canals
would not require improvement, but the Long Phu-Lich Hoi Thuong canal would be
deepened along its entire length of 14 km, and 5 km of new main canal would be excavated
east from Long Phu and down along the Bassac river. Twenty-one lateral canals would
traverse the intensive cultivation area, with the new ones about 1 km apart. With this
spacing the conveyance distance for irrigation would not exceed 500 m and would be less
in many areas where low-lift pumping is practiced. Ofthese 21 laterals, 10 exist but will
require enlargement, and 11 will be new.
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The project works would create conditions suitable for low-lift pump irrigation on about
15,000 ha where high yielding varieties would be introduced. Experience in the Mekong
delta has shown that farmers with access to a freshwater canal or river will cooperate in
low-lift pumping and water distribution. The development centre established in the project
area would advise the farmers in land levelling and in the layout and construction of their
distribution ditches and drains. Most of the land to be irrigated has been devoted to paddy
cultivation for many years and only light levelling would be needed. The development
centre would advise the farmers on grouping together to contract for land levelling and
credit would be provided for acceptable proposals. Demonstration of suitable land levelling
attachments for the locally available tractors would be carried out under the project.

Cost Estimates. Total project costs are estimated at US$ 15.2 million, including a foreign
exchange component of US$ 7.7 million. Costs are summarized in illustration 26.

ILLUSTRATION 26: COST SUMMARY FOR
TIEP NHUT PIONEER PROJECT
Local Foreign Total
USS (thousand)

Civil works

Structures 390 590 980

Dikes 420 280 700

Canals 1,170 780 1,950

Roads and Bridges 300 200 500

Buildings 140 60 200

Telephone System 50 110 160

Miscellaneous works 130 120 250

Surveys 100 50 150

Sub-Total 2,700 2,190 4,890

Land acquisition 150 - 150
On-farm development

Pumps - 1,250 1,250

On-farm works 1,240 410 1,650
Consulting Services

Project implementation 70 410 480

Development Centre 50 250 300

Further studies 50 310 360
Development Centre operation 610 50 660
Vehicles and equipment - 200 200
Project monitoring 80 40 120
Base cost estimate 4,950 5,110 10,060
Physical contingencies 540 440 980
Expected price increase 2,010 2,150 4,160

Total 7,500 7,700 15,200
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Organization and Management. The project would be implemented by departments
of the Ministry of Agriculture. The Ministry would appoint a senior official as Project
Coordinator who would be responsible for ensuring coordination between the departments
and with other government agencies.

The development centre would provide general extension services to the farmers in the
project area; prepare, in conjunction with individuals or groups of farmers, farm plans with
cost estimates and expenditure schedules; draft contracts for contractor’s services; prepare
design standards for irrigation and drainage ditches, bunds, and land leveling; supervise
and approve contractual services for on-farm works; promote among the farmers the
concepts of pump irrigation development; and maintain up-to-date records on agricultural
development in the project area. Arrangements would be made to provide medium-term
credit for the purchase of low-lift pumps, motors and spares by project farmers and for
the execution of on-farm works comprising land leveling and construction of distribution
ditches.

Agricultural Production. Yields of local varieties in the more favourably located areas
are now about 2.5 t/ha, but in less favoured areas the yields range from 1.4 to 2.2 t/ha
(depending on the severity of the salinity and drainage problem). A shiftto HY'V with
yields of 4.2 t/hais expected on 15,000 ha, but in the less favourable areas average yields
with the project are expected to reach 2.6 t/ha. Total production is expected to rise from
the current 87,500 tons to 166,000 tons (illustration 27). Cultivation of fruits and vegetables,
which is now carried out on a fairly large scale in the freshwater zones of the delta, is likely
to increase with the availability of freshwater in the dry season, but no attempt has been
made to quantify this.

ILLUSTRATION 27: TIEP NHUT PIONEER PROJECT
Present and Projected Production Values

Cropped Yield Farm-gate Gross Production Net Value Net Return

Area Price Value of Costs?® of from
Production Production Project Area
(ha) (ton/ha) (US$/ton) (US$/ha) (US$ million)
Present Production
Wet Season
Local varieties 33,700 22 9% 212 38 174 5.85
HYVrice 3200 35 9% 337 114 223 0.72
Dry Season
HYVrice 100 40 9% 385 184 201 0.02
Total 6.59
Future Production
Wet Season
Local varieties 27,000 2.6 9% 251 48 203 548
HYVrice 15000 42 9% 404 103 301 451
Dry Season
HYVrice 7000 47 9% 452 133 320 224
Total 12.23

8 Lower production costs for HY'V (future) reflect more efficient diesel-powered pumps and improved
water management.
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Benefits and Justification. A successful pioneer project in the Tiep Nhut area would
pave the way for broadly similar development of a large part of the coastal belt where
development is constrained by salinity and drainage problems, a potential area amounting
to over 30,000 ha. Implementation of the pioneer project would help to establish the
availability of freshwater for further development in the project area, the most appropriate
cropping calendar for its use, and the need for additional work to augment the supply of
freshwater.

The internal rate of return has been calculated as 24 percent, using 1974 prices for estimated
capital and production costs.

The caisan Low-Lift Pumping Irrigation Pioneer
Project (Viet-Nam)

Background

Project Area. The Caisan Settlement Area covers about 30,000 ha in the lower Mekong
delta 170 km southwest of Ho Chi Minh City, between the Bassac river and the Gulf of
Thailand. The area lies in the southern part of the seasonally flooded land stretching from
the border with Cambodia to include about 500,000 ha where floating rice is by far the
dominant crop. Dry season cropping of rice and other crops is limited to small areas along
the canals and rivers. Before the settlement, the region was accessible only along the main
road between Rach Gia and Long Xuyen and along the major navigation canals (Rach
Gia/ Long Xuyn, Rach Soi/Vam Cong and the interconnecting Tan Hiep canal).

To provide access to the hinterland of these main channels, 19 lateral canals have since
been excavated and the villages of the settlers were located on the canal banks.

Each year the Bassac and other arms of the Mekong inundate large areas in the upper
parts of the delta. The land starts to flood in July or August and the area and depth increases
irregularly up to October; the floods then recede to within-bank stages in November or
December. The change in water level over the flooded area is gradual and outside the
rivers or canals the velocity of flow is very low. In the project area, the maximum depth of
inundation averages about 1.5 m, but varies with local topography. During the dry season,
water levels in the canals which intersect the project area are influenced by tides in the Gulf
of Thailand. Salt water intrusion is limited to small areas near the coast.

The wet season rice crop is broadcast in May and harvested in December, with yields
ranging from 1.2 to 1.5 t/ha. Virtually all of the land preparation is handled by tractor
operators who contract with the farmers. Dry season irrigation is now limited at about
2,500 ha, or 10 per cent of the net project area. This is in contrast to the high cropping
intensities achieved in those parts of the delta free from annual flooding but having a year-
round supply of freshwater. The relatively slow growth of dry season irrigation in the area
is due to several factors. A second crop can only be grown in the period January-May
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and hence virtually all the crop water requirements have to be met by pumping, whereas in
the areas of extensive double cropping in the delta, the farmers can arrange their crop
calendar so that the major part of the water requirements are met by rainfall. Delivery of
so large a quantity of water leads to high pumping costs because of the low efficiency of
the locally-made pumps commonly used. Furthermore, while the farmers are generally
progressive, few of them have developed on-farm channels which enable them to irrigate
their 1 km-long holdings. Given technical advice on constructing farm ditches, and with
the availability of more efficient pumps, farmers could be expected to achieve much higher
cropping densities. Finally, many of the canals become dry at low tides, and these need to
be deepened to ensure a reliable dry-season water supply.

Soils. The soils are derived from recent fine textured alluvium of the delta with some
marine influence. They are acid and very fine textured with small areas of acid sulphate
soils, presumably a reflection of marine influence at some time in the recent past. The soils
of the project area are well suited to rice cultivation because of their low permeability. On
the ground and from the air the land appears uniformly flat to the horizon, but as the flood
recedes, local depressions, about 10-20 meters in diameter and up to 50 cm deep, become
noticeable. These small areas contain highly acidic soils and can be seen from the air as
slightly darker patches where rice does not flourish.

Socio-economic Factors. The settlement area has a population of about 50,000. The
land is owner-operated in holdings of 2.6 to 3.5 ha. The holding size is governed by the
farm distribution pattern established at the time the area was settled. The lateral canals are
about 2 km apart and each farmer has a 26-to 35-metre-wide frontage on a canal from
which his holding extends 1,000 m.

The Project

Objectives. The primary objective of the project is to promote dry season cropping in
the flood zone of the Mekong delta. It will aim at promoting irrigation from existing canals
by farmer-owned, low-lift pumps, through supervised credit, technical assistance in on-
farm works, deployment of more efficient pumps, and advice on higher standards of farm
management. The project would include. (a) deepening of existing lateral canals to ensure
areliable water supply at low tides; (b) construction of new lateral canals and farm boundary
realignment for a 6,000 ha extension of the settlement area; (c) bulk procurement of about
2,500 low-lift pumps, and provision of medium-term credit to the farmer for purchase of
pumps and for other on-farm improvements; (d) establishment and operation of a
development centre in the project area; (¢) technical assistance in the establishment and
operation of the development centre, the design and construction of the extension area,
and the identification and preparation of a further “Caisan type” development on about
50,000 ha; and (f) rural electrification works along selected lateral canals.
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The basic approach used in the Caisan project is to raise agricultural productivity in the
flood free period, which extends from December through July. The conditions which have
to be met for the successful introduction of farmer-owned low-lift pump irrigation are:
ready access to a canal with a reliable dry season water supply; well-defined farm holdings;
and farmers living on or close to their land. All of these conditions are satisfied in the
Caisan Settlement Area, but they are not currently met in other parts of the flood zone.
The location of the pioneer project in an area with these advantages provides an opportunity
for pioneering modes of development applicable to future settlement projects implemented
elsewhere in the region. The project includes a 6,000 ha extension area which would
provide experience in planning and implementation of new settlement projects.

Project Works. Of the 190 km of existing lateral canals, about 100 km need to be
deepened by an average of half a metre to ensure an adequate water supply at low tides.
About 27 km of new laterals would be constructed to form a 6,000 ha extension to the
settlement area. These would be similar to the existing laterals which have surface widths
averaging 15 m. Farm boundaries would be realigned to give each farmer a frontage on
the new laterals..

The project would provide technical advice and supervised credit to allow the farmers to
undertake the on-farm development needed to expand dry-season rice cultivation. This
would include more efficient low-lift pumps, irrigation ditches, and land leveling. On-farm
development on about 6,000 farms, or approximately 18,000 ha, would be carried out
during the six-year implementation period. Electric-powered pumps would be provided
for the areas covered by rural electrification. In other area s the choice will be between
gasoline and diesel motors, depending on the area served and the presence of the farmers
(though in the long run, the spread of rural electrification and increasing petroleum prices
will encourage electric-powered pumps).

A development centre would be established to provide advice to the farmers about the
construction and layout of the irrigation ditches and land leveling. The development centre
would establish standards for land leveling and assist the farmers in negotiating contracts.
Credit would be provided for acceptable proposals. Demonstration of suitable land leveling
and ditching attachments for locally available tractors would be carried out under the
project.

Cost Estimates. Total project costs are estimated at US$ 10.9 million, of which the

foreign exchange component would be US$ 5.2 million. Project costs are summarized in
illustration 28.
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ILLUSTRATION 28: SUMMARY OF CAISAN PROJECT COSTS
Total
USS$(thousand)
US$’000
Civil works:
Existing laterals 800
New laterals 700
Footbridges 40
Land acquisition 80
Surveys 100
Buildings 160
On-Farm Development:
Pumps 1,500
On-farm works 1,620
Technical assistance:
Project implementation 480
Further studies 300
Project monitoring: 100
Vehicles and equipment 150
Engineering and supervision 200
Development centre operation 350
Rural electrification 250
Sub-total 6,830
Physical contingencies 930
Price contingencies 3,140
Total 10,900

Organization and Management. The project will be implemented by the Ministry of
Agriculture. The Ministry would appoint a senior official as Project Coordinator who
would be responsible for assuring coordination between the departments and with other
Government agencies.

Arrangements will be made to provide medium-term credit for the purchase of low-lift
pumps, motors, and spares by project farmers and for the execution of on-farm works
comprising land leveling and construction of distribution ditches.

Agricultural production. Projected production is based on the assumption that about
6,000 farmers in the settlement area and in the extension area would benefit directly from
the project. The total area farmed will be about 18,000 ha, and it is expected that dry-
season cropping will take place on 14,000 ha. Higher yields for floating rice would result
from some supplementary irrigation in the early period of growth (May to July) when the
crop often suffers from drought. High-yielding varieties would give higher yields with a
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more reliable water supply, and with improved extension services. Current production is
about 56,000 tons of paddy, of which 46,000 are floating and 10,000 are HY'V. Future
production will total about 117,000 tons, including 51,000 tons of floating rice and 66,000

tonsof HY'V.

Benefits and Justification. The project will directly benefit about 6,000 farmers in the
Caisan area and demonstrate techniques likely to be adopted by several thousand other
farmers in the vicinity of the project. As a pioneer project, it would serve as a guide to
more intensive land use in the flood zone of the delta. The internal rate of return is estimated
at 27 per cent with all labour priced at the current rate for hired labour in peak periods
(1974). Present and projected production values are presented in illustration 29.

ILLUSTRATION 29: CAISAN PIONEER PROJECT

Present and Projected Production Values

Cropped Yield Farm-gate Gross Production | Net Value of | Net Return
Area Price Value of Costs Production | from Project
(ha) (ton/ha) (USS$/ton) | Production| (US$/ha) Area
(US$/million)
Present Production
Wet Season
Floating Rice 31,000 1.5 9% 144 36 108 335
Dry Season
HYV Rice 2,500 40 9% 385 191 194 048
Total 33,500 3.83
Wet Season
Floating Rice 18,000 1.8 9% 173 47 126 226
Floating Rice 13,000 1.5 9% 144 36 108 1.40
Dry Season
HYV Rice 14,000 47 9% 452 140 312 437
Total 45,000 8.03
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Chapter 10

Summary and Conclusions

Introduction

This report has summarized the research and development programme carried out under
Mekong Committee auspices from 1967 to 1977 in the field of agriculture. The objective
has been to assist the riparian countries to make the best possible use of water resource
development potentials to meet food needs and to contribute to the national economies
both from the short-term and the long-term point of view.

Agriculture in the lower Mekong basin is complex because of the wide diversity in climatic,
soil and water supply conditions and because of the rapid technological changes that have
been taking place in many parts of the lower basin over the past several decades, including
changes in agricultural methods and practices.

To obtain a proper understanding of this complex situation and to devise feasible
improvement measures, the agricultural programme of the Mekong Committee has included
a great number of studies and projects, especially over the past decades focused on all
known significant problem areas. The importance of this programme, as one of the key
elements of the Mekong Committee effort, was underlined by the establishment of a special
Agricultural Sub-Committee of the Mekong Committee in 1971. The Sub-Committee
held nine meetings devoted to furnishing guidance to the Mekong Committee for formulating
the most effective agricultural research and development programme.

The result of these efforts has been a voluminous series of reports and papers, each
contributing to the overall programme. The objective of this book has been to bring all of
those contributions together in as systematic a manner as possible and thus to make the
information readily accessible.

Agricultural Resources of LowerBasin

Conventional analyses of the agricultural potentials of a basin or region generally are limited
to consideration of climatic, soil, and water supply, with some attention to fisheries, which
in fact do represent the major parametres of concern from the short-term point of view.
The numerous studies of the lower basin included in the Mekong programme, which have
addressed all of the natural resources of the basin, have revealed a close relationship
between agricultural development and conservation of forests and wildlife, and demonstrate

165



Agriculture in the Lower Mekong Basin: Experience from the Critical Decade of 1966—1976

166

that to achieve optimal long-range sustained yields the overall plan for agricultural
development must integrate forest/wildlife conservation together with rainfed and irrigated
cropping and aquaculture. Thus our discussion has encompassed all natural resources
which contribute to a broader concept of agricultural management, which could be called
“environmental agriculture”.

(i) TheNorthern.Highlands comprise northern Laos and parts of northern and northeast
Thailand, and is a mountainous region of steep and rugged topography containing
only a few sizeable upland plains. Itis covered at higher elevations mostly with hill
evergreen forest (much of it now replaced by grasslands because of swidden
agriculture), and at lower elevations with dry evergreen and deciduous forests with
only the valley floors usable for cropping (mainly rice).

(ii) The Annamite Chain is a mountainous zone from 50 to 300 km wide which extends
some 800 km within the basin in a northwest-southeast direction, and separates the
Mekong drainage on the west from the South China sea drainage on the east. While
previously heavily forested, many areas have been cleared for swidden agriculture
and are now covered with unproductive grasslands. The opportunities for agricultural
development are mostly limited to the tributary valleys.

(iii) The Southern uplands comprise the Elephant and Cardamom mountains separating
the Cambodian part of the Mekong Pain from the Gulf of Thailand. The rainfall is
very heavy and the region has little scope for agricultural development.

(iv) The Korat Plateau comprises northeast Thailand and adjacent parts of the Lao
PDR from Pa Mong south to Pakse. The plateau is a large (550km x 500 km) inter-
mountain basin, with thick underlying salt deposits, and much of the area is somewhat
dry due to the rainshadow effect of the surrounding mountains. Deforestation is
extensive and many areas are covered with scrub or grassland. While an important
agricultural area historically, its present productivity barely matches local food needs;
but protection can be significantly increased through water control including irrigation,
flood control, and drainage.

(v) The Mekong Plain is the vast low-lying area (800 km N/S by 600 km E/W)
traversed by the Mekong river, comprising most of Cambodia, the Mekong delta
and a small part of the Lao PDR. The Vietnamese portion of the Mekong Plain is the
most densely populated part of the basin, with rice grown on 50 per cent of the land
area. While the present agricultural productivity is substantial, the potentials are
excellent for much higher production by means of water resource development.

Climate is a major constraint governing productive agriculture. While little can be done to
increase rainfall or to decrease droughts, much can be done to develop the natural water
resources and this is the major thrust of the Mekong programme. Although the entire
lower basin is in a tropical monsoon region, the basin actually has three distinct major
climatic zones: (i) a tropical monsoon zone with heave rainfall most of the year (most of the
Southern Uplands much of the Annamite Chain, and the southern tip of the delta); (ii) a
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tropical wet and dry zone with a distinct dry season (December-May), which is the dominant
climate in the more populate areas of the basin (Korat Plateau and Mekong Plain); and
(iii) a subtropical wet and dry zone, with cooler temperatures than the tropical wet and dry
zone (upland parts of Northern Highlands and highest parts of the Annamite Chain).

The total annual rainfall is sufficient to grow wet-season crops anywhere in the lowlands
and uplands of the basin, but the distribution of rainfall during the growing season tends to
be erratic with many years experiencing serious damage from floods or droughts. This has
fostered land leveling and use of bunds for holding rainwater on the fields. An analysis of
the effect of rainfall variations on paddy production in northeast Thailand by model simulation
showed that drought conditions are especially deleterious in reducing the planting area if
occurring in the early part of the growing season and in reducing harvests when occurring
during the flowering season.

Climate is a serious limiting factor in many parts of the lower basin and particularly in
northeast Thailand. Rainfed paddy production is erratic, and the supplemental water
needed for sustained yields amounts to 280 mm in an average year and 800 mm in a
drought year (1 in 10 years). The total demand in northeast Thailand for supplemental
water on irrigable paddies is about 14,000 million m® in drought years, as compared with
the total local water supply potential of 15,000 million m® assuming it can be stored and
distributed. For diversified and double cropping the total requirement is estimated at
41,000 million m?. The deficit (27,000 million m3) can only come from the Mekong river.
A deficit of even larger magnitude exists for the agricultural development of the Mekong
delta in Viet-Nam

The peak flows in the Mekong river and its tributaries are spectacular and can be destructive,
but the low flow levels are usually the limiting factor now influencing the scale of potential
agricultural development. The great variations in flow between seasons and between
years necessitate substantial storage to provide more uniform flows for purposes of irrigation
as well as for water supply for community and industrial purposes, power generation, and
to provide for flood control and navigation improvement.

Sediments in the Mekong river are often said to be essential for annual replenishment of
nutrients in delta soils, but an evaluation of these deposits in the Vietnamese portion of the
delta indicates that the annual deposits can hardly influence the fertility of delta soils.
However, in Cambodia, fresh silt deposits in areas adjacent to the natural river levees and
in the flood lands around the Great Lake do contribute to maintaining soil productivity, and
alternative provision of fertilizers may be required if these deposits are diminished by
upstream developments.

The water of the Mekong river and its tributaries is of low mineral content and may be
considered excellent for both irrigation and community and industrial purposes. The only
exceptions occur in the delta during the dry season where about 0.5 million ha are affected
by saltwater intrusion from the sea, sufficient to place limitations on agricultural development
there.
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Other than for the low flows in the dry season, the greatest constraint on agriculture in the
lower basin is rainy season flooding, especially in Cambodia. Toward the end of the rainy
season in September-October, some 10 million ha of lowlands are flooded, including the
entire delta, the Great Lake lowlands, the portions of the Korat Plateau along the major
streams, large parts the Vientiane and Se Bang Fai plains, and parts of northern Thailand.
Although rice growing has been adapted to flood conditions in various ways, this represents
only a very partial use of the floodwaters. While tributary reservoirs play an important
role in alleviating floods, in the long run control of the mainstream itself offers the best
potential for enhancement of agriculture through reducing flood frequencies efficiently to
bring large areas of now unusable land into production.

The fundamental constraint for agricultural development in the lowlands is water
management, including management of the tributaries and the mainstream.

Assuming flood and drought conditions are improved through water control, soil
characteristics become the major constraint for agriculture. Both a soil map and a land
capability map (scale 1:1,000,000) have been prepared, and with the aid of satellite imagery
the soil map has been improved to serve also as a pedo-morphological map. While the
maps are small scale they are very useful for preliminary agricultural planning.

The soils of the lower basin have been formed as a function of parent material, climate,
hydrology, and age. Vegetation, as in most tropical zones, has been of minor importance
in that humus formation is usually not a permanent characteristic. Although 29 major soil
types have been recognized in the lower Mekong basin, for agricultural development
purposes these can best be grouped into eight categories including four lowland and four
upland soils.

The lowland soils, which occupy most of the Korat Plateau and the Mekong plain (the
areas with the greatest agricultural potential), are primarily hydromorphic with gley
characteristics at shallow depths. The lowland soil types include:

(i) The Coastal Complex Soils (along the sea coast in the delta) are generally clayey,
low in organic matter and with high cation exchange capacity (CEC). They are
usually slightly acidic and suited for paddy; however saline intrusion is the dominant
factor governing use.

(i) The Delta Land Soils are clayey soils with varying quantities of organic matter
depending on drainage, and often with accumulated sulfides which can cause extreme
acidity and other toxicity problems when reclaimed. These soils can grow paddy to
a limited extent but their full potentials can be realized only by water control and
irrigation by which acid conditions can be minimized or even eliminated.

(iii) The Flood Plains Soils formed from flood-deposited sediments, are mostly clayey
with low organic matter, medium CEC, and are slightly acid and moderately fertile.
The levee soils are well suited to dry-foot crops depending upon flood conditions,
whereas the backswamp soils are generally suited to paddy. The productivity of the
flood plains would be greatly enhanced by flood control or flood regulation
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(iv) The Groundwater Complex Soils are typically silt loam with low surface clay content,
low organic matter, low pH, and low CEC. These soils are suited for paddy, but for
upland crops both drainage and fertility level must be improved. Some of the
groundwater soils on the Korat Plateau contain salts originating from remnants of
ancient salt formations; these saline soils can be reclaimed by improvement of drainage.

In upland areas the groundwater is well below the surface. The soils are grouped into four
categories: The Podzolic soils: These are low in clay and organic matter, have a low
CEC and low, water-holding capacity but, with use of fertilizers. They are generally
capable of sustained yields of upland crops. Red and Black Soils suited to upland rainfed
agriculture including rubber, corn, and cotton. Lateritic Soils occur in the uplands of the
Karat Plateau and Mekong Plain, have laterite at shallow depths, and are generally not
suited for field crops. And the Mountain Soils are mostly shallow soils derived from
sandstones and acid igneous rocks with limited potential for agriculture, even for shifting
cultivation.

The soils of the lower basin have many limitations for agriculture, typically including low
CEC, low organic matter, and high acidity and moreover sizeable areas are affected by
saline intrusion, floods, and droughts. Mitigation of these constraints is one of the key
objectives of the Mekong programme.

The natural vegetation is the floristic expression of the physical complex described above,
including the geology, climate hydrology, and soil characteristics. The term “natural
vegetation™ is used to mean any non-agricultural vegetation, the term “climax vegetation™
being the idealized mature forest (or grassland in some seasonally inundated areas) that
would occur in the absence of human influence. Practically all of the forests of the lower
basin have undergone periodic clearing and regrowth due to swidden agricultural practices
over many generations.

The basin forests comprise two major groups, evergreen and deciduous, and each of
these groups is further divided into types. Among the evergreens, tropical rainforests
occur from sea level up to 1,000 m in areas having an annual rainfall of 2,000 mm or more
distributed throughout most of the year; hill evergreens grow in areas of heavy evenly-
distributed rainfall above about 1,000 m; coniferous forests are typically found in sandy
soil areas at 600-1,400 m; mangroves occur only in the Mekong delta; and freshwater
swamp forests occur mostly in Cambodia around the Great Lake and in the backwater
areas of the Mekong. Deciduous forests include monsoon forests, confined to areas with
pronounced wet and dry seasons, generally at elevations below 1,000 m with 1,250 to
2,000 mm annual rainfall; and dry dipterocarps, also called “savanna forests™ replace the
deciduous monsoon species when the rainfall drops below about 1,250 mm and where
the dry season is as long as six months. In addition to these forest types, many lower basin
areas formerly forested are now covered with savannas or grasslands especially Imperata.
The scarcity of natural grasslands (except in seasonally inundated areas) indicates that the
edible grasses (the main food for grazing animals) depend on human intervention to maintain
appropriate growing conditions especially by the use of fire.
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The forests of the lower basin have played a vital role in human societies over the centuries
in furnishing food, fuel, construction materials, medicines, resins, gums, and pesticides,
and in supporting wildlife. It appears that, while production is adequate in the Lao PDR
and in Cambodia, the requirements are from 4 to 10 times production in Thailand and
Viet-Nam. Moreover requirements are increasing while the operable forest areas are
being reduced by 5 to 10 per cent per year.

In the-long run the forests may play an even more important role in human economies
through their capacity to produce fuel and raw materials, on a sustained-yield basis. The
forests should be regarded as a renewable resource which with proper management can
give sustained yields for the indefinite future. Unfortunately, over-exploitation and lack of
management have drastically depleted the forests in recent decades. The indications are
that the rate of depletion, due to population pressures and modern technology, is far beyond
the natural ability of the forests to replenish themselves. Much forested land is thus being
converted to grasslands which are permanent in time scales relevant to land use planning,
and a major effort is required to conserve existing forests, re-establish depleted forests,
and establish plantation forests to meet the basin's requirements for forest resources.

Studies sponsored by the Mekong Committee have produced some fairly comprehensive
assessments of the terrestrial and aquatic fauna of the lower basin. These show that the
basis supports at least 212 species of mammals, 696 species of birds, 213 species of
reptiles and amphibians, and 800 species of fish. Ten of the mammals are endemic (found
only in the Mekong basin) and 14 are considered rare and endangered. The basin birds
include about 500 resident species (at least 12 endemic) and another 160 as winter migrants.
Generally, the faunal diversity closely follows floral diversity, with the greatest diversity in
the evergreen forests and the least in agricultural areas.

From the point of view of agricultural development, the main significance of wildlife is its
role in controlling agricultural pests and as a genetic resource. The role of wildlife in
controlling pests in the lower basin cannot be quantified because of lack of data but generally
this role is indicated to be a major one and merits careful evaluation and assessment. With
regard to genetics, the domestic animals of the lower basin not only were derived from
wild species but the wild species represent in some cases raw material for developing new
breeds with superior disease resistance and ability to adapt to the available food supplies.

Because terrestrial wildlife is closely associated with forest habitat, the wildlife resources
of the lower basin are being rapidly depleted, and the continuing pressure of population
growth will tend to intensify such depletion.

Increasing population pressure means that the prospects for protecting the remaining forests
and wildlife appear dim indeed considering the many other problems facing the governments
of'the riparian countries. The Mekong programme has therefore focused on designing
practicable remedial measures that are realistic in terms of implementation, particularly if
considered and implemented as an integral part of overall water resource development
planning. It appears that the only conservation measure which can be successfully
implemented at this time would be to establish a series of protected areas to preserve
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typical portions of the forest habitats throughout the basin, integrated with modernization
and intensification of agriculture in the lowlands. A system of 29 national protected areas
has been suggested, totalling about 7 per cent of the lower basin land area, including
existing protected areas. Moreover, these protected areas should be considered as “core
areas” for larger land and resource management areas surrounding and incorporating them.
Within the core area, no extractive activities would be allowed but the forest resources of
the surrounding buffer zones would be subject to limited utilization for the benefit of the
local residents.

Other complementary wildlife conservation measures envisioned in the Mekong programme
include livestock development in agricultural areas for improved production of domestic
animals, thus decreasing reliance on wild animals for protein, and captive breeding of
wildlife to satisfy the demand for zoos and laboratories and possibly even for human
consumption, both for reducing pressures on the natural wildlife and also for reintroducing
these species in defaunated forest areas.

An important aspect of the Mekong programme’s approach to conservation of natural
resources is recognition that comprehensive water resource development in the lower
basin affords an opportunity to protect forest habitats and wildlife. Itis clear, by projecting
current trends, that unless something is done, the forest habitats and wildlife are doomed
to near-extinction. However, incorporating the conservation measures noted above into
water resource project development, as an integral part of these projects, and thereby
ensuring the means for financing and administering these measures, provides hope for
some very real progress even in the short period of the next few decades.

The aquatic fauna of the lower basin is very rich indeed, including over 800 species of
finfish alone. The finfish, together with shellfish, are by far the most important animal
species economically and nutritionally and also offer the greatest potential for continuing
development through aquaculture. In view of the importance of fisheries to the economy,
the Mekong programme included a basinwide fisheries study, the first such comprehensive
attempt to quantify the complex fisheries of the basin, including those associated with
riverine, lacustrine, inundation, and estuarine habitats. While by no means representing a
complete assessment of the basin fisheries, nevertheless the study furnishes sufficient hard
data to provide the basis for basin water resource planning at this stage of the Mekong
programme. Salient findings of the basin wide study include:

(1) While construction of a dam and reservoir may well result in decreased riverine fish
production, this loss may be small in comparison with the new fishery created in the
reservoir (the value of which in the case of some tributary projects has approached
that of the power generated);

(i) Despite the richness of the reservoir fishery, without proper management over-fishing
is probably unavoidable. Conversely, if properly managed to take advantage of all
natural food sources in the reservoir (by filling the available ecological niches), the
reservoir fish productivity can be very substantially increased;
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(i) By furnishing a reliable supply of freshwater throughout the dry season, the reservoirs
create the opportunity for large-scale downstream aquaculture including fish farming
in the vicinity of irrigation canals and fish cage culture directly in the water courses;

(iv) Aquaculture must be carefully planned and integrated with irrigation development
planning so that modernization of agriculture does not lead to constraints in aquaculture
and conversely modernization of aquaculture does not constrain high productivity
agriculture. Water supply systems can be designed so as to satisfy this basic condition.

In general the fishery gains in the new reservoirs and from downstream aquaculture can
both compensate eventual losses and, with good management, result in a large net increase
in fish production both on a regional basis and from locality to locality. The Mekong
programme therefore is focused on (i) achieving optimal production of desirable species
from reservoirs, and management of the reservoir fisheries to ensure optimal socio-economic
gains (such management would include licensing of fishermen, establishment of fishermen’s
associations and facilitating provision of infrastructure such as storage and marketing
facilities), and (ii) developing the most appropriate technologies for construction and
operation of aquaculture systems including improvements in fish food supplies and
developing the apparently lucrative aquaculture potentials in brackish water delta areas.

Agricultural Development Programme

The long-term agricultural development model is driven by two immediate, compelling
concerns. First, the population of the basin is increasing at arate of 2.2 to 2.7 per cent per
year, so the basin must increase its agricultural production if only to feed its own population.
At this growth rate, which assumes use of birth control methods to the extent possible, the
current basin population of about 35 million will increase to over 65 million by the year
2000 (illustration 30).

ILLUSTRATION 30: POPULATION PROJECTIONS:
MEKONG BASIN AREAS OF THE FOUR RIPARIAN COUNTRIES

(In Thousands)
1975 1980 1985 1990 1995 2000
Cambodia 7,308 8,309 9,539 10,951 12,450 | 14,155
PDR Lao 3,134 3,563 4,090 4,696 5,391 6,131
Thailand 15,936 18,385 | 20,902 23,764 | 26,756 | 30,124
Viet-Nam 8,285 9,505 10,705 11,990 13,370 14,830
Totals 34,663 | 39,762 | 45,236 51,401 | 57,967 65,240

(Note: Country estimates for the period up to 1985 have been guided by the UN Population Division
Projections, 1965-1985 (provisional). Projections for the years from 1985 to 2000 are based on an
extrapolation procedure following earlier trends. From Mekong Committee Annual Statistical Bulletin,

1970).
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Second, the natural resources for agriculture are being heavily over-exploited, leading to
the destruction of potentially renewable resources such as soil, forests, and wildlife. These
resources must be used at a level which does not exceed their sustainable yield, but the
over-exploitation of the basin resources can only be controlled if basin residents have a
viable alternative. The long-term model therefore presents such an alternative, whereby
optimal use of the available resources will both feed the increasing population and conserve
the natural resources of the basin. Conservation and development thus cannot be separated,
but are complementary products of the same policy.

A third, perhaps less immediately compelling, reason for the long-term model is that many
years of agricultural instigations now indicate that the basin is capable of producing
considerably more than the requirements of the basin itself, if the conditions for sustained
yield agriculture are met. This surplus productivity can earn considerable revenue for the
basin.

Existing Agricultural Systems

Because of the wide diversity in the natural resources of the lower basin contributing to
agricultural development, many agricultural systems have been applied in various parts of
the basin, each adapted to local conditions. These existing systems may be divided into
three broad categories: traditional agriculture, extractive agriculture, and modern agriculture.

(a) Traditional Systems include swidden agriculture in the uplands, and bunded field
agriculture in the lowlands, and for both categories the most important crop is rice.
Both are permanent subsistence farming systems, suitable for indefinite use for closed
agricultural economies with low population pressure. For upland farmers about 30
ha per family are needed for subsistence, whereas 1.5 to 3 ha s sufficient with bunded
fields.

Swidden agriculture (“slash and burn™) is a rotational system which requires very few
tools or draft animals and produces high yields (1 to 4 tons/ha), but after 1 or 2 crops
the fields must be left to fallow for at least 10 years. Swidden agriculture has come
under wide attack as being destructive of forests and watersheds but, when properly
performed with suitable fallow periods and in areas having soils with suitable
regenerative capacity, it appears to be an effective way of cultivating areas where
“conventional” farming would be impracticable. In recent decades, however,
population pressures have led to shortening of fallow periods and to use of non-
regenerative soil areas, resulting in extraction of fertility and conversion of the areas
to grassland of no significant agricultural value. Because swidden farming can be a
viable economic base for hill tribes, it is important to introduce measures for restoring
swidden agriculture on a self-sustaining basis.

Bunded farming is a self-regenerating cycle including annual ploughing, fallowing during
the dry season, and nitrogen fixation when the field is flooded during the growing
period. The dominant parameter is the hydrologic regime, and many rice varieties
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have come into use (with growing periods from 100 to 270 days) to suit these
variations. Three types of bunded fields are in common use in the lower basin: the
Khmer system using small square fields; the Vietnamese system using long narrow
fields; and the Thai system in which the field sizes and shapes are adapted to the local
conditions.

Total rice production from bunded fields has been greatly increased since 1860 in the
lowland areas of the basin, not only for local use but for export, primarily by expanding
the area under cultivation, through provision of canals. It is clear, however, that
traditional agriculture has now reached its limits in the lowlands and that it has already
exceeded these limits in northeast Thailand. An estimated 50 per cent of the bunded
fields in the northeast are marginal, experiencing unpredictable yields and not infrequent
failures. The production ceiling in the northeast from bunded field farming is estimated
to be about 6 million tons/year. Further intensification of rainfed bunded field farming,
although attempted for many years, has not yet met with success. Yields per hectare
have not been raised appreciably.

In recent decades (since the 1950s) population pressure in the basin has led to
extractive commercial agriculture, particularly in northeast Thailand, through
clearing of the lower-lying forests to produce crops saleable on the international
market, especially feed crops. In this period such upland commercial crop production
in Thailand (cotton, sugar, kenaf, cassava, and maize) has earned over US$ 4,000
million in foreign exchange. Unfortunately, this type of farming leads to progressive
depletion of soil fertility so that in the long-term part of the cleared lands may
progressively degenerate into wastelands.

Modern agriculture systems include ranching, integrated live-stock farming, forest
farming, commercial plantations, and irrigated farm systems. While all of these might
be feasible for application in the lower basin, all except irrigated farming have quite
limited potentials. In fact, only irrigated farming has the potential for the wide application
needed to meet anticipated food needs. With full development of ongoing and proposed
irrigation schemes (including mainstream development), nearly 4 million ha will be
benefited, making up about half of the existing planted areas. Apart from certain
areas to be reclaimed through flood control, the irrigation schemes will serve the
existing farmlands. Such irrigation will permit a wide diversity in choice of crops,
markedly increase yields (for example, from 0.7-1.6 to 3-4 tons/ha for rice), and
promote rural employment.

Because irrigated agricultural systems require drastic change in traditional farming methods,
many problems have been experienced in attempting to establish irrigated farming in the
lower basin. Such problem areas include:
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e provision of adequate water and control of the water supply so that the farmer has
it when he needs it, which means provision of an adequate .distribution system;

e soil problems resulting from numerous sources including low fertility for crops other
then rice, water logging, and subsoil exposure;

e drainage to remove excess water and to enable timely harvesting to clear the land
for the next crop;
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e ensuring adequate operation arid maintenance of irrigation facilities;

e land consolidation and field re-levelling to adapt the existing bunded field patterns
to irrigation;

e farm management (choice of crops, fertilizers, etc.);

e farmequipment, credit for financing farm improvements, equipment, and agricultural
chemicals; and

e community public services as a basis for sustaining an acceptable quality of life in
the new agricultural community (which may be characterized as “hectic” compared
to the easy-going attitudes of traditional farming practices).

More intensive use of lowland areas through modern sustained-yield agriculture is the only
alternative which will meet the basin’s critical food needs over the next several decades.
Such irrigation on a wide scale will also require large supplies of water to be made available
by an adequate system of dams and reservoirs.

Agricultural Development Model

Agricultural development in the lower Mekong basin, while depending heavily on increasing
irrigated agriculture, would encompass all types of cropping from dry farming to gravity
irrigation with full water control, including numerous intermediate alternatives such as
irrigation with partial water control, drainage only, use of groundwater, and pumping directly
from streams. In all cases traditional farming practices are to be modernized, achieving
the transition through a step-by-step process proceeding from research and development
to controlled application on a relatively small scale to limited full-scale application, and
finally to regional application.

(a) Agricultural Research in the lower basin over the past 20 years may be likened to
the proverbial broth being made by too many cooks. Despite a great number of
studies and projects, the overall impact on the agricultural economy in the basin,
while significant, has hardly been the bonanza anticipated in the concept of the “green
revolution”. This is not to belittle the very real achievements attained; in fact it is
estimated that the gains represent an internal rate of return on the research investment
of about 47 per cent. However, in terms of total production, these gains have
represented an increase of only about 15-20 per cent, less than the population growth.

Substantial progress has been made recently in development of varieties, both for
rice and upland crops, which exhibit better quality, improved resistance to drought,
floods, pests and diseases, and improved timing of flowering to suit hydrologic
variations, with potentials for widescale application throughout the region. However,
relatively little progress has been made in developing improved methods for using
fertilizers and farm machinery, controlling pests, and improving livestock production.
The large gap between the crop yields obtained at research stations compared with
actual farmer yields is noteworthy, and analysis of the reasons for this has led to some
fundamental understandings which guide the continuing Mekong research programme.
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(b)

©

These include the following:

(i) The objective is not maximum yield but optimal yields consistent with the farmers’
constraints including limited availability of production input and the time
requirements for transition to new methods; thus, for example, the objective in
rice cropping could be not to achieve 10 tons/ha, but to go from 1-2 to 2-4 tons/
ha and eventually to 6 tons/ha. A significant finding thus far is that small doses of
fertilizer, especially if used as top dressing, are affordable by the farmer and give
excellent extra yields for the limited investment.

(i) Akey step in proceeding from the research station to practical application requires
more field trials, including outreach trials as distinguished from unreplicated trials
for proving the practical aspects of the new methods before proceeding to
unreplicated trials and to larger scale applications.

(i) While international, regional, and national research stations are important in the
overall research complex, the most important element is the local station. Only
one of these, together with its outreach activities, is needed for each type of
ecological zone, and through operation of these as an organized network the
results can be widely applied throughout the basin.

(iv) Emphasis of the research should be directed also to developing optimal cropping
systems, because land preparation, inputs, fertilizing methods, etc., for multicrop
cultivation offer considerably greater potential for increase in total productivity
than single purpose research, such as selection of varieties.

Pioneer Agriculture Projects cover all major soil types and cropping patterns found
in the basin of sufficient magnitude both in area and in number of farm families to
demonstrate the feasibility of the basic irrigation practices selected for the project
and to identify and correct any significant problems, before proceeding to overall
regional application. The pioneer programme includes a total of 11 projects, including
three projects in pump irrigation, an irrigation rehabilitation project to permit more
efficient use of unregulated river flow, a storage irrigation project with different degrees
of water control, a project for improving lowland rainfed rice cultivation a project for
improving upland rainfed cropping, a project making use of a group of small reservoirs
or tanks, and three projects in the Mekong delta involving provisions for salinity
intrusion control, using low-lift pumping for dry season cropping, and featuring year
round irrigation.

Full Project Development building on successful pioneer projects will require
systematic estimation of farm benefits for identification of areas to be developed and
of appropriate farming methods. This is a complex analysis which can best be
approached in terms of “clusters” of parameters affecting yields, with each cluster
representing a group of parameters having a more-or-less independent impact on the
yield. For purposes of model evaluation, three clusters are distinguished: (i) Drought
(including the factors of rainfall, evapo-transpiration, root zone water holding capacity,
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and depth of ponding and percolation); (ii) excessive water (rainfall, storage capacity,
drainage, deep percolation, and flooding); and (iii) soil properties. A productivity
rating is calculated for each cluster (usually from 0.4 to 1.0); these cluster ratings are
then multiplied to give the overall relative productivity level for the land unit under
consideration.

The next step is evaluation of the impact of fertilizers on yields. Classes of yields include
the theoretical possible yield, the potential (research) yield, the maximum yield (potential
yield multiplied by the cluster productivity rating), the obtainable yield (less than the potential
yield to the extent fertilizer inputs are less than ideal) and the actual yield (average farm
yield in the area under consideration). Thus is the actual yield will equal the maximum yield
if the limiting constraint is not fertilizer, and it equals the obtainable yield with fertilizer
applications up to the point where marginal costs equal marginal benefits. Itis less than the
obtainable yield when fertilizers are in short supply. The optimal fertilizer application and
corresponding yield are obtained from crop response curbs (mostly derived from farmer
field demonstrations) showing the yield increase versus fertilizer application.

The analysis discussed above is carried out by mean of three independent consecutive
computer programmes, in which the output from one programme is the input for the next.
The best choice for the farmer is that which yields the maximum income (within the limits of
the farmer's capability to invest and take risks), taking into consideration his resources in
land, labour, and working capital. Such computer modelling should help project planners
to make more rational decisions, i.e., decisions likely to be accepted by the farmers.

The network of experimental and demonstration stations established under the aegis of the
Mekong Committee together with the riparian countries includes five stations located
throughout the lower basin: the Korat Plateau of northeast Thailand at Kalasin, the Vientiane
Plain of the Lao PDR at Hat Dok Keo, the Central Delta Highlands of the Socialist Republic
of Vietnam at Eak Mat; the lowlands of Cambodia at Prek Thnot; and the Battambang
Plain at Benan in Cambodia. Significant findings as of 1977 include:

(a) Eak Mat: Trials featuring upland crops showed the Juma 1 variety of upland rice to
be by far the best of those tested, yielding 4 tons/ha. Sweet potatoes were found to
be the only vegetable suited to the rainy season. Yields for other crops were 2.5
tons/ha (dry season) for soybeans, 2.5-3.0 tons/ha (rainy season) for maize, and 1.7
ton/ha for groundnuts when sown in mid-April.

(b) Prek Thnot: The trials, mostly on wet rice, indicated that water requirements are
6,500 m3/ha in the rainy season and 10,000 m*/ha in the dry season, a spacing of 20
x 15 cm was found optimal, a tilling depth of 10 cm produced 1 ton/ha more than
tilling at 15-25 cm, the best fertilizer formula of those tested was 60-60-0 N/P/K
allowing yields of over 5 tons/ha, and direct sowing saves 15 per cent on labour over
transplanting.

(¢) Banan: Trials indicated that 60-30-0 N/P/K may be the best fertilizer combination
for rice but yields were only 2.2 to 3.0 tons/ha, hence more studies are in order.
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Introduced varieties of groundnuts yielded 4 tons/ha compared to 1-2 tons/ha for
local varieties. Several new agricultural implements were produced including a seed
drill which greatly reduces labour input.

(d) Hat Dok Keo: Variety trials on vegetables gave yields up to 60 tons/ha for tomatoes,
40 tons/ha for onions, 40 tons/ha for potatoes, and 7 tons/ha for watermelons. Several
farm implements were improved including a rice transplanting platform, a threshing
apparatus, a rice-mowing device, a weeding tool, and a furrower.

(e) Kalasin: Tests have focused on improving the soil fertility and physical characteristics
of'the poor soils typical of northeast Thailand. Irrigated rice land can hardly be used
for other crops because an impermeable layer forms at shallow depth in paddy fields.
With 45-60-60 N/P/K fertilizer application and a spacing of 30 x 25 cm, irrigated
rice yields were 6-8 tons/ha. Water requirements were determined for a variety of
upland crops, and improved farming tools were developed. Jute fibre yields were
highest (1.4 ton/ha) with narrow spacing (25 x 10 cm). Ground nut yields were 3
tons/ha with 30-60-40 N/P/K, and soybean yields reached up to 3.9 tons/ha at 20-
120-20. Potatoes yield up to 39 tons/ha but the crop may fail in abnormally hot
years.

Pioneer Agricultural Projects

In order to facilitate the transformation of agricultural practices in the lower basin from
traditional concepts to applicable modern methods, including application of the findings
from the experimental and demonstration stations, the Mekong Committee has made
established a network of 11 pioneer agriculture projects, selected and located to correspond
to the major soil types and cropping patterns found in the lower basin. An important
feature of the entire programme is provision for continuing project monitoring and assessment
of the technical, agronomic, and institutional aspects of each project with partial attention
to farmer response and to establishment of appropriate farmer organizations in which local
leaders have key roles for project implementation. Each of'the projects is designed as a
relatively short-term operation to develop solutions applicable to the current situation based
on current availability of fertilizers and current agricultural prices; hence the pioneer projects
do not necessarily indicate the long-term potentials of the basin but serve as an important
step towards this goal. The total costs for all 11 projects would be about US$ 83 million
(at 1975 prices).

The 11 projects with respect to type and objective can be summarized as follows:
(a) Muk Kampul (C) (pump irrigation):
(i) Agricultural land type: Typical riverine lands along Mekong river including
bourrelets (river levee), chamcars (back slopes of the river levee), and adjacent

low-lying ricelands.
(i) Soil types: Siltloam on levees and clays in lower areas.
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(iii) Objectives: To demonstrate practicability of pump irrigation for riverine lands,
including effective water distribution and management.

Bovel (DK) (gravity irrigation):

(i) Agriculturalland type: Typical lowlands in Mekong Plain.
(i) Soil type: Heavy clay (90 per cent brown hydromorphics and 10 per cent
lacustrine alluvials).
(iii) Objectives: To demonstrate effective use of river water for gravity irrigation of
14,000 ha including strengthening of agricultural supporting services and
development of appropriate rice varieties and crop calendars.

Casier Sud (L) (flood protection/pump irrigation):

(i) Agricultural land type: Mekong lain area characterized by annual flooding
and drought.
(i) Soil types: Clayey floodplain soils and lighter levee soils (both potentially
productive, assuming flooding can be controlled).
(iii) Objectives: To increase agricultural production by flood control and irrigation.

Se Bang Fai (L) (flood protection/pump irrigation):

(i) Agriculturalland type: Typical flood plains of Mekong tributaries.
(ii) Soil types: Alluvial deposits with characteristics determined by elevation including
low fertility older alluvium, fine texture floodplain soils, and fertile levee soils.
(iii) Objectives: To increase agricultural productivity by minimizing or avoiding
periodic crop failures (entails rice crop security 9 years of 10 instead of 2 of 3
as at present) and by dry season irrigation.

LamPao (TH) (irrigation improvement)

(i) Agricultural land type: Korat Plateau.
(i) Soil types: Leached sandy loans suitable, for both rice and upland crops
(85 per cent) with some heavy clay in lower areas (15 percent).
(iii) Objectives: To demonstrate how to accelerate utilization by the farmers of
water made available by major irrigation works.

Northeast Thailand (pump irrigation)

(i) Agriculturalland type: Riverine lands along the Mekong including river levees,
old river channels, and poorly drained swamp areas.
(i) Soil types: Alluvial, usually fairly heavy silty clays (about 10 per cent suitable
for upland crops).
(iii) Objectives: To demonstrate solutions to technical and managerial problems of
pump irrigation including use of higher cropping intensity and high-yielding rice
varieties.

179



Agriculture in the Lower Mekong Basin: Experience from the Critical Decade of 1966—1976

(g) Northeast Thailand (tank irrigation)

(i) Agriculturalland type: Riverine floodplains and 1ow terraces.

(i) Soil types: Low humic gleys derived from alluvial materials with high content
of fine sand and silt in upper horizon with underlying horizons of hard impermeable
clay.

(iii) Objectives: To demonstrate solution of technical and managerial problems in
tank irrigation including irrigation system rehabilitation.

(h) Nong Wai (TH): (irrigated agriculture)

(i) Agriculturalland type: Typical rice growing area of Korat Plateau.
(i) Soil types: Alluvial clay hydromorphics (43 per cent), low humic gley soils (26
per cent) on low and middle terraces.

(iii) Objectives: To demonstrate comprehensive and accelerated development of
gravity irrigation with emphasis on provision of terminal facilities, on-farm
improvements including levelling and consolidation, and development of farmer
organizations.

(i) Go Cong (VN): (gravity irrigation)

(i) Agriculturalland type: Eastern coastal region of Mekong delta featuring lack
of-freshwater in dry season, periodic flooding, poor drainage, saline soils, and
inadequate roadway access.

(ii) Soil types: Mostly heavy-textured, poorly-drained, with low permeability
including saline soils in lower areas along streams.

(iii) Objectives: To furnish dry season irrigation water from local canal, improve
drainage, prevent tidal flooding, and improve the road system.

(j) Tiep Nhut (VN): (salinity control)

(i) Agriculturalland type: Typical of large areas in delta coastal region subject
to seawater intrusion, soil salinity, and poor drainage.
(ii) Soil types: Heavy alluvial clays with some young river and marine sediments
and locally disturbed soils along the streams and canals.
(iii) Objectives: To improve conditions to permit rice cultivation in 46,000 ha now
subject to salinity intrusion and poor drainage including low-lift pump irrigation.

(k) Caisan (VN): (low-lift pump irrigation)

(i) Agriculturalland type: Typical of upper delta, featured by seasonal flooding
where floating rice is the dominant crop.

(i) Soil types: Recent fine-textured delta alluvium with some marine influences,
mostly acid with some acid sulfate areas, well suited to rice cultivation because
of their low permeability.
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(iii) Objectives: To promote dry season cropping in the delta flood zone, based on
irrigation from existing canals with low-lift pumps including provision of credit
and technical assistance.

Conclusions: Long-Term Prospects for Agricultural
Development

Long-term prospects for Agricultural Development

It has been calculated that each cubic meter of irrigation water results in an average
production of 0.32 kg of paddy with present irrigation techniques, and that basin residents
annually consume about 300 kg of paddy equivalent per capita (Pa Mong Phase Il report);
thus the irrigation water drawn from the Mekong can yield enough rice to feed about 65
million people (illustration 31). Assuming that these production levels could be attained by
the time that the basin population would have increased by about 30 million people, then
sufficient rice (or equivalent crops) will be available for export to feed about 50 million
people. At the 1974 export price of US$ 460/ton, the approximately 14 million tons of
surplus rice for export will earn about US$ 6,440 million per year.

ILLUSTRATION 31: ULTIMATE WATER RESOURCES
DEVELOPMENT FOR AGRICULTURE

Cambodia | PDR Lao| Northeast | Mekong| Totals
Thailand Delta

Irrigated area (1) 100 102 1,300 1,028 2,530
Water requirements (2) 1,690 1,7102 7,000 27,000 57,400
Increase in production (3) 0.54 0.54 8.01 9.18 18.27
Area reclaimed by
flood control (1) 151 59 42 - 252
Increase in production (3) 0.30 0.12 0.84 - 1.26
Increase in people fed (4) 2.8 222 9.53 0.66 5.1

1. Thousand hectares

2. Million m*/yr

3. Million tons paddy equivalent/yr over rainfed conditions at realistically attainable yields;
includes double cropping.

4. Millions of people, consuming 300 kg paddy equivalent/capita/yr.

Another important point in the overall agricultural plan relates to conservation in the
watersheds, in that agricultural development of the magnitude envisioned will be sufficient
to draw the extractive agriculturalists to the lowlands, thus reducing the current levels of
exploitation in the uplands and allowing these areas to be used for their optimal long-term
conservation purposes.

181



Agriculture in the Lower Mekong Basin: Experience from the Critical Decade of 1966—1976

182

The primary purpose of the Mekong agricultural programme is to produce enough food to
meet its own needs, based on the likely rate of population growth and considering that the
traditional agricultural methods have already exploited and in some cases over-exploited
the readily available lands. The objective of the model is to replace traditional agricultural
and extractive agricultural methods with more modern methods to the degree needed to
achieve the necessary levels of production on a sustained yield basis. A secondary objective
is to use this same approach to achieve a further increase in production, thus realising a
very sizeable surplus for export.

The various studies and evaluations described in this book show clearly that the climatic,
soil, and water resources of the basin are sufficient to realize the desired objectives, through
use of modern agricultural methods, especially irrigation, and that the key feature is water
control. The natural water resources of the basin (rainfall, tributaries, and the Mekong
mainstream) are more than ample on a total annual basis, but the distribution within the
year is such that most areas have too little water in the dry season and substantial areas are
too frequently flooded in the rainy season to be suitable for cropping. To remedy this,
development of tributary water resource projects is the first step, and this is well underway.
A total of 10 tributary dams have been built (nine of these in northeast Thailand), and many
more tributary projects sites have been identified throughout the basin as probably feasible.
Unfortunately, the two most important heavily populated areas of the lower Basin are
lacking in sites for further tributary development, namely northeast Thailand (the Korat
Plateau), where practically all tributary sites have already been utilized, and the Vietnamese
delta, where no tributary sites are available.

Northeast Thailand, with full development of its tributaries, will need to import another
27,000 million m3 of water for irrigation annually in order meet anticipated minimum food
needs over the next several decades, and the only feasible source is the Mekong mainstream.

With respect to the Vietnamese delta, while no food crisis is anticipated, this region has
large-scale potentials for agricultural development capable of supporting a much higher
density of population, as well as producing for other parts of the country and for export. It
would seem to be of considerable importance to the economy of Viet-Nam to utilize this
potential, but for that purpose a substantial dry season flow in the Mekong must be
maintained. Itis estimated that the shortage in the water balance for growing crops in the
delta at full development would be about 50,000 million m?* per year.

The agricultural development programme for the basin, with respect to water management,
must first pursue tributary projects to the full extent that these can meet the needs.

Under the Mekong Committee’s programme in agricultural development, virtually every
aspect of agriculture in the lower Mekong basin has been evaluated. This has included
study of each of the major agro-ecological zones in the basin, with different cropping
patterns stemming primarily from differences in the soil and hydrologic characteristics.
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The analysis has covered all of the natural resources of the basin which can contribute to
agriculture, and an assessment of their potential use in producing rice and other crops,
employing both traditional and modern agricultural methods.

The analysis shows clearly that the lower Mekong basin, despite the fact that its soils are
generally not very fertile, does have ample land areas with suitable soils sufficient to increase
agricultural production. But to achieve this, adequate water control will be needed.
Utilization of water from the Mekong would not only be a great blessing to the people
concerned but, considered over a longer time-span, it could lead the way in transforming
the lower Mekong basin into a sustaining yield surplus food production area, perhaps to
become one of the food baskets of the world.
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Chapter 11
The Lower Mekong Basin Today

This book has described agricultural development and natural resource management in
the Lower Mekong Basin as of 1977-1980. So why is the book still relevant today? It
would have been interesting to revisit the various pioneer sites to see how conditions have
evolved, and to review the social, economic, cultural, and political changes that have
affected the region since the book was first written. We would have had to review a vast
literature, carry out at least a few months of field work, and compare our various projections
with the actual conditions on the ground. But the relevant current data are not aggregated
in a way that would readily enable the necessary comparisons to be made, and both of us
have other responsibilities that have prevented us from writing what would, in essence, be
a second book. We hope that some enterprising researchers will take on this challenge,
reveal how accurate were our projections, and indicate how new technologies have rendered
our hopes for development into realities on the ground.

But we also believe that the book is still highly relevant, beyond its historical interest. In
reviewing our work from several decades ago, we were intrigued by how many of the
basic ideas developed under the Mekong Committee’s Agriculture Programme remain
topical today. Initiatives such as involving farmers as part of the agricultural research team,
diversifying crops on farms so that the various species complement each other, considering
individual farms as part of a larger landscape that includes other land uses as well (today
sometimes called “ecosystem management” or “landscape management’), the importance
of wild species in contributing to rural livelihoods, and the role of protected areas in
contributing to the welfare of rural people, all remain high on the agenda of those seeking
to support sustainable rural development. Indeed, the agricultural strategy of the Mekong
Project contains the essential elements of ““sustainable development”, which became the
dominant development paradigm of the decades immediately following the completion of
our work.

IUCN — The World Conservation Union has been contributing to these forms of
development in the Mekong Basin for several decades. Southeast Asia became one of
the focal areas for [UCN when Dr. Boonsong Lekagul was an [UCN Vice-President and
convened an international meeting in Bangkok in 1965. Entitled “Conservation in Tropical
South East Asia”, the meeting brought some of the world’s leading scientists and resource
managers to the region. Their deliberations contributed to many of the ideas that have
been further elaborated in this book and that have been applied to both working landscapes
and areas designated for conservation. [UCN’s recent efforts to design protected areas
in Lao PDR, Cambodia, and Vietnam so that they provide benefits to the rural population
have helped to change the relationship between sustainable agriculture and nature
conservation, making them now part of the same human enterprise
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Of course, much has changed since the late 1970s. The word “biodiversity”, now the
subject of an international convention with 188 Parties, was not even coined until the mid-
1980s. But many of the principles of the Convention on Biological Diversity are already
evident in this book. The objective of providing equitable shares of benefits to the rural
populations, the essential role that pollinators play in supporting agriculture, the importance
of predators in controlling agricultural pests, the value of conserving upstream watersheds
that provide the high-quality water that supports the irrigation systems that enable agriculture
to be intensified, the concept of sustainable use, the role of incentives in promoting
conservation, and even the recognition that a wide diversity of plants and animals enhance
human well-being have all been discussed in some detail in this book. Such approaches
did not originate with the Mekong Project, but rather are part of the evolution of thinking
beyond single high-yielding varieties of crops. Many more scientists now recognize thata
diversity of approaches to development is just as important as diversity in nature, and that
people who have lived long on the land have knowledge that is as deserving of respect as
modern scientific knowledge in solving the complex challenges of earning a living in difficult
environments. We believe that our work represented in this book brought these multiple
ideas together for the first time in Southeast Asia and applied them on a landscape scale
that extended well beyond single farms. Donor countries such as the Netherlands, Australia,
and the USA saw the value in these approaches, and the European Union provided its first
major technical support to the agricultural programme of the Mekong Committee.

War disrupted many of the promising initiatives recorded in this book, but new innovations
are building on the foundations laid by the Mekong Committee. Of course, many challenges
still remain. While the new protected area systems in the Lower Mekong Basin look
excellent on a map, the reality on the ground still leaves much to be desired. Poverty
remains a stark reality for many farmers, and globalization is offering new hurdles to be
jumped. Farm mechanization has become widespread, but as the price of oil inexorably
increases, what is this going to do to the profitability of farms that have become dependent
on machines? How is the balance of power and welfare between urban and rural people
going to be resolved? What role will biotechnology play (a topic that was hardly imaginable
inthe 1970s)? Such issues go far beyond the specific agricultural development issues we
have discussed in this book, but provide the background against which further developments
will need to take place.

The Lower Mekong Basin remains a special place for us, a diverse landscape united by
one of the world’s great rivers, the home of some of the world’s most fascinating civilizations,
supporting forests where amazing new species of wildlife are still being discovered, and
offering a richness of opportunities to the farmers who are constantly seeking new ways to
earn a living from the soil. We hope that our early contribution to developing agriculture in
ways that also conserve natural resources at a landscape scale will stimulate further research
and development that will enable the rich cultures of the Basin to live in peace, harmony,
and well-being.
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