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INTRODUCTION

Agricultureisthemajor sourceof employment,
national income and foreign exchange in Thailand.
Although industry has been growing at arapid rate
over the past decade, most of Thailand’ s population
is located in the countryside. The agricultural
population accounts for 62% of the country’s total
population, and approximately 67% of itstotal labor
force.

In recent decades, Thailand hasincreased the
efficiency of itsagriculture, using economi c concepts
suchasinvestment benefitsand opportunity costsas
the basis for production increases. Imported
agricultural inputs such as chemical fertilizer, and
other chemical ssuch asinsecticides, fungicidesand
herbicides, plus fuel, farm machinery and hybrid
seeds, have been introduced to increase production.
These have replaced locally produced farm inputs
such as compost, manure, herbs and power from
draftanimals. Obviously, higheryieldshaveresulted
fromthisincreaseinagricultura inputs. For example,
rice yields of 9.4 mt/ha have been obtained using
high-yielding cultivarsand chemical fertilizers, and
corn yields of 6.2 mt/ha when hybrid corn was
planted. From this point of view, the increase in
farminputshasgiven Thailand aconsiderableprofit.

However, since the early 1960s, agricultural
development has been having a harmful effect on
the environment, in the form of widespread
deforestation, desertification, land degradation,
salinity, al kinds of pollution and a huge loss of
genetic resources. Indirectly but significantly, the
growthinagricultural output andinternational trade
has caused numerous social problemsin both rural
and urban aresas.

Degradation of the physical resources needed
for agricultural productionisacauseof great concern
all over the world. In general, this ecological,
economic and social imbalance will not affect the
agricultural activities of the present generation, but
will affect thecapability of many countriesto produce
food for future generations. Sustainability in
agriculture hasto be considered. Agriculturehasto

meet thischallengemainly by increasing production
onamoreor lessfixed land resource base, utilizing
the environment in such a way that careful
maintenance and conservation of resources are
emphasized at all times.

CONSTRAINTS TO AGRICULTURAL
SUSTAINABILITY

FAO estimates indicated that by the year
2000, the global populationwill be 25% higher than
that of the mid 1980s (FAO 1991a). It is also
estimated that 90% of this population increase will
be in developing countries, including Thailand.
There will be a demand for food and agricultural
products for this increased population, and yet the
use of modern agricultural technology also means
greater exploitation of natural resourcesand damage
to the environment.

Defor estation

The rapid loss of forest cover is possibly the
most seriousenvironmental threatin Thailand. Over
the past three decades, Thailand’s once abundant
forestshave been decimated by logging and shifting
agriculture. In 1961, forest (mostly tropical rain
forest) covered 53% of Thailand' s total land area.
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By 1989, only 28% of theland areawasinforest (i.e.
143,417 ha). Table 1 shows the reduction in
forested area in some Asian and Pacific countries
between 1976 and 1980. The main cause of
deforestation hasbeen shifting cultivation. Thefact
that cropping cyclesareshorter thaninthetraditional
system, and the spontaneous encroachment into
forest areas by lowlanders, reflect the increasing
demand for cultivable land among the landless and
unemployed rural poor. In Thailand, deforestation
hasresultedinareductionof rainfall, andisprobably
the main reason for the severe drought of 1994.

Land Degradation

One of the most important ingredients of
sustainabl e agriculture is an adequate soil resource
base to provide the nutrients and moisture essential
to plant growth. Over vast areas of Thailand,
population pressure is forcing farmers to cultivate
margina land, exposing this fragile resource to
degradation. It was reported by Dent (1989) that
while in 1981 the area of arable and permanently
cropped land was 20 million ha (approximately
39% of Thailand'stotal land), theamount of degraded
land was 17.2 million ha (33.7%).

In relation to erosion, Table 2 shows the
nutrients removed by erosion from cultivated land
with a slope of 33-55% in Northern Thailand.

Pest Problems

Up to 35% of the losses in annual crop
productionin Thailand aredueto pests. Whenthese
arecombined with postharvest | osses, they probably
account for almost one-half of thecountry’ spotential
food supply. Theadvancesinagricultural technology
that make possible higher production, such as
changesincropping practices, shorter fallow periods,
lessvaried croprotations, and replacement of mixed
cropping by the large-scale monoculture of
genetically uniform varieties, have resulted in the
escalation of pest problems for a number of crops
(Gaston 1989).

One intractable pest problem in Thailand is
weed control. Much of the field preparation and
subsequent cultivation work is to reduce weed
infestation, and most of the manual labor during the
cropping season isaimed at keeping weeds at alow
level (FAO 1991a). As aresult of periodic labor
shortages, manual weed control is sometimes late
and inadequate, and herbicides are used instead.

Attheinitial stage of their use, pesticidesand
weedicides were regarded as an excellent way of
abolishing famine and eradicating vector-borne
diseases. However, the gradual development of
resistant pest species, plusthe undesirabl e effect of
chemical pesticides on non-target species and their
adverse effect on human beings and the ecosystem

Table 1.Average total deforestation between 1976 and 1980

Country Area in hectares
Bangladesh 8,000
Bhutan 2,000
Brunei 7,000
India 147,000
Indonesia 550,000
Cambodia - 15,000
Laos 125,000
Malaysia 230,000
Myanmar 95,000
Nepal 54,000
Pakistan 7,000
Papua New Guinea 21,000
Philippines 101,000
Sri Lanka 25,000
Thailand 333,000
Vietnam 65,000

Tropical Asia (16 countries) 1,815,000

Source: Rao 1989
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Table 2.Removal of soil and soil nutrients by erosion each year from cultivated land
situated on a 33-55% slope in Northern Thailand

Average soil property

Removed in soil with

Component Concentration Quantity in an average erosion
top 20 cm/ha rate of 60 mt/ha + runoff
Organic matter 4.00 96,000 kg 2,952 kg
N (total) 0.17 4,080 kg 112 kg
N (available) * 326 kg 7.5 kg
P (total) 400 ppm 960 kg 28.3 kg
P (available) 6 ppm 14.4 kg 1.1 kg
K (extractable) 190 ppm 456 kg 17.0 kg
Ca (extractable) 420 ppm 1,008 kg 38.0 kg
Mg (extractable) 120 ppm 288 kg 9.0 kg
Total soil loss (kg/ha) 216,890
Total runoff (m3ha) 2,252

Source: Turkelboom er al. 1991

generally, has given rise to widespread concern.
Themaintypeof pesticideusedin Thailandis
herbicides (44%), followed by insecticides (32%)
and fungicides (18%). It isalarming to seethat the
total amount of pesticidesusedin Thai agricultureis
increasing, from 12,000 mt/year in 1973 to 27,000
mt/year in 1981, and 48,003 mt/hain 1988.

Socio-Economic Problems

Farmers in Thailand are facing enormous
problems when they try to increase agricultura
production. The cost of inputs such as seeds,
fertilizersand pesticidesisincreasing, and thereare
widespread problemsof land ownership and tenure,
especialy in upland areas. Other problemsinclude
price fluctuations and uncertainty in marketing, a
farm labor shortage, and poor infrastructure for
transporting produce to market.

Thissituationhasresultedinwidespreadrural
poverty. Theincomegap between farmersand non-
farmers has increased, and farmers do not want to
continuefarmingif they can choose something el se.
Whereasin 1961 theratio betweenfarmers’ incomes
and those of other workers was 1:6.2, by 1987 the
ratio was 1:9.1 (i.e. non-farm incomes were more
than nine times higher than farmers incomes).
Poverty forces farmers to overexploit the
environment, evenif they areawareof thedestructive
consequences. Their immediate needs take
precedenceover their concern about thefuture. The
alarming rate at which natural resources are being
degraded is the consequence of environmentally
destructive farming practices. The outcome is a
viciouscircle that makes alleviation of poverty and

conservation of resources much more difficult to
achieve.

SUSTAINABLE CROP PRODUCTION

We in Thailand realize that to achieve
sustainable crop production at a national level
requires interdisciplinary work by various
institutionsworking in cooperation. It involvesthe
recognition of problemsin agriculture, analysis of
which can lead to appropriate technologies, and
implementation which fits in with physical and
socio-economic determinants, while aiming at
environmental conservation at all times.

There are a number of ways in which
sustainable crop production can be achieved.

Mixed Cropping Systems

Any type of cropping system which has a
higher degreeof biodiversity isconsideredimportant.
There are vast areas of Thailand where sufficient
rainfall isavailable and soil structureisadeguate to
allow for a multiple cropping system. A grain-
legume-graincroprotation, particul arly rice-legume
double cropping, can be readily established (Table
3).

Subsistence agricultureis still practiced over
large areas of Thailand, and is dependent upon the
slash-and-burn method for food production. Alley
cropping (growing an annual crop between rows of
perennial trees) is an attractive aternative to the
slash-and- burn procedure, especially in northern
and southern Thailand where chemical fertilizers
arenot readily available. Therecycling of nutrients,
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the addition of organic nitrogen whenthealley crop
isalegume, and theincorporation of organic matter,
are the primary resources derived from the alley
crop that benefitsthe companion crop. Thissystem
isalso attractivein areas where firewood isin short
supply, since the woody tissue from the alley crop
can be used for this purpose (Table 4).

Agro-forestry canalso beusedto prevent land
degradation. Trees may be grown in large
plantations, but they can also be grown in a mixed
cropping system. Perennia tree crops form a
production system which is in harmony with
sustainable agriculture, since they replace the
previous forest vegetation and protect soil against
erosion.

Restoration of Soil Fertility

Thailand hasbegunastrong programtorestore
and replenish soil fertility. The use of leguminous
cash crops in a rice-based cropping system is
emphasized, providing nitrogen for the subseguent
crop. Green manure crops such as seshania are
beinggrown beforericeinareassuchastheNortheast
wheresoil organic matter isparticularly low. Azolla
is being used to increase rice yield, and also
microorganisms such as mycorrhiza, including
Ectomycorrhizaand Endomycorrhiza, both of which
are phosphate solubilizing microorganisms. Other
approaches include the use of farm by-products
such asrice straw and livestock manure to increase
soil organic matter.

Reduced Tillage or No-Tillage

Crop production based on reduced tillage is
becoming increasingly popular in Thailand as a

means of controlling soil erosion. No- tillage
techniques can significantly reduce soil loss and
improvesoil structure by maintaining ahigher level
of organic matter. However, there are some
drawbacks. Weed control at planting is done by
chemicalsrather than mechanical tillage, involving
asgreat an environmental risk asnormal tillage and
high costs of sometimes more than $100/ha. Since
fertilizers must be applied on the surface, there are
higher losses from leaching and volatilization, and
arisk that fertilizer in run- off will contamine water
resources. Finally, the mechanical equipment,
particularly thelargetractors, requiredfor no-tillage
limits the technique to larger farms.

Water Management

Water use efficiency haslong been neglected,
due principally to the fact that water has seldom
been treated as a resource. Adequate water
management, especially inlargeirrigation schemes,
is an important factor in sustainable agriculture.

The fundamental problem in irrigation water
management lies in the separation between
management and users. Farmers receive water
according to decisions made by organizations not
involved in the crop production process. Thailand
is now attempting to develop better water
management procedures, the end result being much
greater water use efficiency.

Integrated and Biological Pest Control

In Thailand, integrated pest management is
being devel oped based on acombination of cultural
practices, host plant resi stance, and natural enemies.
There is aso an emphasis on the need for safe

Table 3.Net income from different rice-based cropping systems when compared to

one crop of rice each year

Unit: US$ per hectare

Cropping system Net income Income increase compared % income increase
to rice only

Rice only 325 0 0

Peanut-rice 631 306 94

Sweetcorn-rice-mungbean 1869 1544 475

Stickycorn-rice-mungbean 1487 1162 - 357

Sweet potato-rice-peanut 1369 1044 321

Source: Department of Agriculture, Thailand, 1991
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Table 4.Soil loss rate, as measured on field trials in northern Thailand

Treatment Soil loss {mt/ha/year)
Median Minimum-maximum soil loss
Traditional slash-and-burn 60 25 - 125
Terraces 0.12 0.05 - 1.0
Grass strips 0.13 0.03 - 5.0
Alley cropping1 0.20 0.06 - 25

1. Perennial trees were Leucaena leucocephala, Cajanus cajun, Gliricidia sepium

Source: Turkelboom et al. 1991

pesticides and better pesticide management.
Development of novel products such as growth
regulators seem to be easily integrated with non-
chemical control methods. Implementation of
integrated pest management in Thailand has been
particularly successful for rice and soybean.
However, many crops still need urgent attention,
especialy those for which misuse and overuse of
pesticides are common, including vegetables, fruit
crops, and cash crops such as cotton.

Biodiversity, Genetic Resources and
Plant Improvement

Biodiversity is a fundamental element in
sustainable development. The conservation of a
wide base of plant genetic resources has direct
implications for the future development and
enhancement of crops.

Plant breeding in Thailand aims at selecting
crops and genotypes adapted to environmental
constraints. Crops should be adapted to local
conditions, including climaticfactors, mineral stress
and soil toxicity, and should havedurabl eresistance
to most important pests.

Another plant breeding objectiveisefficiency
of nutrient use, and where appropriate, of nitrogen
fixation. Furthermore, breeding programs should
emphasize the adaptation of crops to the entire
production system.

Biotechnology is a tool which may bring
advancesthat wereconsidered difficult orimpossible
through conventional plant breeding, as individual
characteristics can now be transferred from one
variety or speciesto another. Biotechnology isalso
important in the production of disease-free germ
plasma and for disease diagnosis.

Adoption of Technology by Farmers

Once technology has been developed, the
main objective for development isto introduceit to
farmers. A huge amount of technology generated
by research has not been accepted by farmers,
simply because farmers feel that it is impractical.
Recently, farming systems research has been
introduced, sothat researchershaveanunderstanding
of the farmer's situation before technology is
developed. It isimportant that technology should
be tested under farm conditions, and
recommendations should be made only in
consultation with farmers. Thereisan urgent need
todevel op and promotetechnol ogy that increasesor
sustains productivity at a lower cost and does not
harm the environment. There is aso a need for
technology which isless|abor intensive.

Soil and water conservation measures to
achievesustainabl edevel opment should bedesigned
to benefit farmers in their application, otherwise
they are unlikely to be widely adopted. Simple
water harvesting methods can match this
requirement, as well as certain forms of minimum
tillage. Emphasis should be placed onlow external
input farming system, to reduce residue problems
from fertilizers and pesticides, and the cost of
production inputs.

Emphasis of Agricultural Development
in the Next Decade

In the next decade, resources for agricultural
production will be limited, including land, water
and socio-economicresources. Competitionwill be
greater among the countriesof the Asian and Pacific
region. Therefore, agricultural devel opment should
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emphasize self-sufficiency, and the possibility of
using agricultural products as raw material for
agroindustry. There should be an emphasis on
value added products, especially for export, and on
quality.
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DISCUSSION

Dr. Mutert asked whether Thailand’ s program of crop diversification waslikely to lead to an increased
useof pesticides. Dr. Aphiphanthought thiswaslikely inthe case of fruit and vegetable crops, for whichthere
is often an overuse of pesticides, and aso of crops harvested at an early stage such as baby corn. He pointed
out that many farmersin Thailand are not well informed about pesticide use, and apply chemicalsonly afew
daysbeforeharvestin order toimprovethe appearance of theproduce. Dr. Saleem Ahmed had beeninterested
to see a commercial preparation extracted from the neem tree on sale in Thailand, and asked whether
regulations had been relaxed to allow the manufacture of such products. Dr. Aphiphan replied that there had
been alot of research in Thailand into neem tree extract, which had been found to be agood insect repellent.

Dr. Mutert raised the point that the situation in Thailand concerning the disposal of livestock wastes
was fairly typical of the wholeregion. Most of the intensive pig raising carried out in Thailand isfound in
the central plain near large urban markets, whereit produceslarge quantities of organic wastes. On the other
hand, it isin northeast Thailand that soils are particularly in need of organic matter. He asked whether there
was any way of solving the problem of this spatial separation between areas with a high concentration of
organic wastes, and areaswith ahigh demand for them. Dr. Aphiphanreplied that no study hasyet been made
of the feasibility of moving wastes from the central plain to northeast Thailand, but suggested that it might
be better to think in terms of crop-livestock integration, and the development of livestock production in the
northeast. Director Koh of FFTC pointed out that illegal logging wasin thelong term adisaster for thewhole
of Thailand, and asked whether the Thai government had programs to stop it. Dr. Aphiphan replied that
government policieshadimposed abanonall loggingin Thailand, but that someillegal loggingwasstill being
carried out.

78



