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Introduction

Once covered with tropical trees, Northeast Thailand

has undergone rapid deforestation since the 1960's.  Large

areas were converted into undulating sloping upland fields

(100～200 m above sea level) with production of

sugarcane and cassava as the main agricultural activities,

making this area one of the most important centers of

export crop production in Thailand2 ) . However,

agricultural production over this large area has been

restricted due to several constraints related to its tropical

monsoon climate.

The main problems in the rainy season are soil

erosion in sloping fields and anaerobic conditions due to

heavy rainfall.  The sandy soils prevalent in the region

are not only easily washed away, but also interfere with

the growth of crops through crust formation and soil

compactness that result in anaerobiosis or physical

barriers around roots.  Drought occurs frequently even

in the rainy season due to unstable rainfall, and severely

limits the growth of crops in the dry season.  Common

problems in both rainy and dry seasons are hard and

inefficient work in sloping fields, damage from insects,

diseases and weeds, and low physical and chemical

properties of the sandy soils.  Fluctuation of farm

product prices, particularly sugarcane and cassava

which are affected by supply and demand in the

international market, is another problem that

destabilizes farmers' income.

The development of sustainable farming systems to

overcome these complex constraints is essential not

only to secure farmers' incomes, but also to promote

national land planning.  A comprehensive series of

technologies    was    therefore    developed    with    the

objective of simultaneously addressing the multiple

constraints of soil erosion, poor root penetration, poor

water retention, labor use, and over-dependence on two

upland crops.  This complex of technologies may offer

new components for more sustainable future cropping

systems in Northeast Thailand5).  

Materials and Methods

All research was carried out at the Khao Suan Kwang

Demonstration Farm of the International Training

Center for Agricultural Development (ITCAD) in Khon

Kaen Province, on 20 ha of sloping upland fields.   

1.  Soil-conserving alley cropping system

To prevent soil erosion and increase the supply of

organic matter, a model field for alley cropping

(0.5 ha:50x100 m) was set up in 1996 with a leguminous

tree species, Leucaena leucocephala, on contour lines in

a field with a 5% slope.  Interrelationships of trees and

crops were investigated along with production practices

for appropriate management of the system in 1997～

2000.  

2. Water-conserving subsoiling 

To trap and accumulate rain water in soil layers of

sloping fields, subsoiling was carried out in the

direction of the contour lines in 1999～2000.  Crop

growth and changes in soil properties were monitored

to evaluate treatment effects.

3. Soil- and water-conserving no-tillage 

A prototype no-tillage seeder was manufactured and

tested in 1998.  No-till production of crops was assessed

in 1999～2001 in terms of crop productivity, soil

properties, and effects on water conservation.

4. Soil- and water-conserving mulching 

To assess techniques for soil and water conservation,

mulching of groundnut was carried out using plastic

film in 1999.    

5. Labor-saving production process for green

manure crops

Labor saving production and incorporation of crops

and green manures (maize, sorghum and pearl millet)

using various types of agricultural machinery were

investigated in 1998.

6. Labor-saving crop management for upland crops

Labor-saving crop management practices for land

preparation, seeding, weed control and harvest using

various types of agricultural machinery were

investigated in 1998～2000. 

7. New crops and cropping patterns for diversification

As the basis for more diversified cropping systems,

growth  characteristics  of  crop  species  were  assessed

for adaptability to conditions in Northeast Thailand in

1997～2000.  Appropriate cropping patterns in

combination with specific cultivation methods were

investigated in 1999～2001.   

Results and Discussion

1.  Soil-conserving alley cropping system
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Alley trees were periodically pruned and

incorporated into the soil to supply organic matter

(Photo 1).  Leucaena leucocephala pruned at 40 cm

height from the soil surface at the beginning of the rainy

season (May) showed vigorous growth, reaching 5 m in

height with 4.5 m canopy width in October.  When trees

were pruned every month, twig regeneration followed a

pattern similar to the pattern of precipitation over the

course of the year(Fig. 1).  The amount of organic

matter supplied to the field, equivalent to the

accumulated regeneration of twigs, was superior in

plots with longer pruning intervals, but increased

difficulty of incorporation of larger twigs and increased

labor requirements reduced the practicality of longer

intervals.  The optimum frequency of pruning was found

to be three times in a year, two times in the rainy

season and one time in the dry season.  Crop growth

between tree rows was inhibited by shading by the tree

canopy in the rainy season and by depletion of soil

moisture by tree roots in the dry season.  The distance

from the tree rows in which crops were affected differed

with crop species, 2～3 m for legumina (groundnut,

mungbean) and 5～6 m for maize.  The optimum width

between tree rows for crop production, field operations

and prevention of soil erosion was found to be 20 m

(Table 1).         

2.  Water-conserving subsoiling 

Soil erosion due to surface runoff of rain water is a

major cause of the loss of fertile top soil needed for

good crop production.  Moreover, water runoff itself is a

problem in terms of efficient water utilization in sloping

fields8).  Effects of subsoiling on the trapping and

accumulation of rain water in soil layers of sloping fields

was therefore assessed.  Subsoiling was done at the

start of the rainy season by cracking the subsoil layer

with a vibrating blade attached to the tractor power take

off and inserted into the soil to a depth of 50～60 cm,

where an underground tunnel (15 cm diameter) was

formed with a bullet-type digger (Photo 2).  Subsoiling

was done in the direction of contour lines on the sloping

field at intervals of 120 cm width.  Soil moisture

retention measured with tensiometers installed at the

different soil layer depths increased during the dry

season, reflecting the soil drying process.  Subsoiling

maintained soil moisture in the deep soil layer at higher

levels than the control until the late stage of the dry

season.  This appeared to be due to the accumulation in

Table 1. Effect of alley width on sweet corn growth (final dry weight)
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seeder.  This worked satisfactorily on sandy soil, giving

accurate grooving and seeding (Photo 3).  The hard soil

surface under no-till made seeding operations easier

even under rainy conditions.  Soil erosion which was

commonly observed in tilled plots was hardly observed

in no-till plots in the sloping field.  The field was treated

with herbicide (Glyphosate) before seeding.  Since soil

was not disturbed in no-till seeding, the occurrence of

weeds was less than that in tilled plots.  Subsequent

weed growth was suppressed by mulch formed by wilted

weeds (Photo 4).  Soil moisture content, a critical factor

for crop growth in the dry season, was higher in no-till

plots than in tilled plots.  Soil hardness was higher in no-

till and inhibition of crop root elongation was

occasionally observed in dry season (Table 3).  Crop

germination in no-till was generally superior to that of

tillage seeding.  In the rainy season, crust formation on

the soil surface inhibited the germination of leguminous

crops in tillage seeding.  Higher soil moisture in no-till

contributed to good germination in the dry season.  Crop

total dry weight at harvest was also higher in no-till.     

4.  Soil- and water-conserving mulching 

While no-tillage is effective in reducing labor for crop

production, it is not appropriate for root crop

the soil of runoff water in the rainy season (Fig. 2).

Soil hardness of the no-till field in the dry season was

decreased by subsoiling, presumably due to the

infiltration and distribution in the soil profile of rain

water in the rainy season.  Crop growth was markedly

improved with subsoiling.  This effect was more

conspicuous in the dry season than in the rainy season.

Vigorous crop growth was observed in the subsoiling

treatment while plants in the control plot showed

symptoms of wilting due to water stress.  The effects of

subsoiling were also observable in plots where

subsoiling had been done the previous year (Table 2).  

3.  Soil- and water-conserving no-tillage 

Land preparation in sandy upland fields in a monsoon

climate has several problems.  Tillage at the beginning

of rainy season must be done in between short intervals

of rain and sometimes leads to soil erosion due to heavy

rainfall in sloping fields.  Tillage in the dry season is

hindered by soil hardness and at the same time leads to

loss of soil moisture, with consequent adverse effects

on crops. No-till seeding was assessed as a means of

more efficient, labor-saving upland production.         

No-till    seeding     was     done    with     a     specially

manufactured no-till seeder with a rotary disk and drill

Table 2. Effects of subsoiling on crop growth (2000)  
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production due to soil hardness.  As a technique more

suitable for root crops, plastic mulch was tested for

groundnut production.  The seed bed was prepared with

a rotary tiller and mulch layer attached to a tractor,

which reduced labor for land preparation and spreading

of plastic sheets. Groundnut grown under plastic mulch

showed superior growth in the rainy season,

presumably due to improved soil conditions.  In the

rainy season, heavy rain increased soil moisture and

compactness, resulting in increased hardness of the

upper soil layer.  Mulching maintained initial soil

properties at seeding and created conditions more

favorable for the growth and harvest of underground

crops such as groundnut (Table 4).  Suppression of

weed emergence was another advantage of production

using plastic mulch.        

5. Labor-saving production process for green

manure crops

While   the   application   of   green   manure   or

crop residues has been proved to be effective in raising

the crop productivity by improving soil chemical and

physical properties, it is not widely practiced by farmers

due to high labor requirements under tropical

conditions.  To promote soil improvement in upland

fields, a labor-saving system for the production and

incorporation of green manure crops was developed.

Seeding with a no-till seeder, weeding with a cultivator,

chopping with a flail mower and incorporation into the

soil with a rotary tiller were effective in reducing labor

for the application of green manure such as sorghum,

pearl millet and maize, resulting in a total operation

time of 18 hours per hectare (Table 5, Photo 5). 

6. Labor-saving crop management for upland

crops

Field operations in upland areas are hard work due to

high temperatures and humidity. Diversified

agricultural activities such as large scale cultivation of

seed crops and intensive management of vegetable and

fruit crops require complex crop management with

labor-saving, precision technologies. With this objective,

various kinds of agricultural equipment were introduced

and tested for adaptability in Northeast Thailand (Table

6).

Table 3. Comparison of soil properties between tillage and no-tillage

Table 4. Groundnut dry weight and soil properties with and without plastic mulching

Table 5. Operation time for production and incorporation into soil
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Tillage with a rotary tiller achieved fine pulverization

of the soil and leveling of the field.  A bottom plough

and a plosoiler were used for deep tillage.  A subsoiler

was used to crack the hard pan of the soil layer and

eventually facilitated a deeper distribution of crop roots.

Labor saving seeding operations were achieved by the

adaptation of a drill seeder to carry out seed row

opening, fertilizer application, seed placement, and soil

compaction in a single operation.  A no-till seeder was

adapted for large scale seeding.  A mulch layer was used

for laying plastic mulch before crop seeding or

transplanting.  A boom sprayer was used for herbicide

or pesticide application using a boom which extends

horizontally over a distance of 5 m. A broadcaster

effectively distributed soil conditioners such as lime and

fumigated rice husks. A shoulder broadcaster for

application of granular pesticides and fertilizer was used

for operations between crop rows.  A potato digger was

used for harvest of underground crops such as sweet

potato and groundnut. A binding harvester

simultaneously did cutting and binding, which speeded

up crop removal from fields. A flail mower chopped

standing crop residues in the field for subsequent

incorporation into the soil.    

Mechanical weeding with the use of a small rotary

tiller attached to a cultivator was effective in controling

the dominant upland weed, Richardia scabra L.  Inter-

tillage between crop rows could be carried out at

walking speed (1.6 m/min), alleviating hard labor for

hand weeding (Photo 6).  Weeds lost water content

after uprooting and eventually withered to death when

some 60% of water was lost (Fig. 3).  Under field

conditions, 2～3 hours was enough to reach this critical

water deficit, which could be used as a criterion for

operations under variable weather conditions3).    

7. New crops and cropping patterns for diversification

Sugarcane and cassava are  the main crops in upland 

Table 6. Application of agricultural equipment for crop  management
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areas in Northeast Thailand.  While these two crops

have the advantages of tolerance to drought and poor

nutritional conditions, they cause deterioration of the

soil through erosion and fertility decline. Price

fluctuations also destabilize the income of farmers.

Introduction of new crops is indispensable for the

diversification of crop production in the region.  The

growth characteristics of crop species were examined in

terms of germination, overall growth, tolerance to

drought or flooding, damage from insects or diseases,

and nitrogen fixation.  Sweet corn, groundnut, sweet

potato and sunflower as upland crops; sorghum, pearl

millet and crotalaria as forage or green manure crops;

lettuce and cabbage as vegetables, and papaya and

mango as fruits were evaluated for their adaptability to

conditions in Northeast Thailand.

Introduced crops were classified into four groups

based on their growth periods.  The first group are

crops with voluminous products such as sweet corn,

sweet potato and forage crops.  These crops require

ample water to produce large biomass, and are suitable

for production over the whole rainy season.  Legumes

and sunflower whose economic product are seeds after

a drying process form the second group.  These crops

should be grown so that their harvest comes after the

beginning of the dry season.  The third are vegetables,

which are suitable for growing in the dry season under

dry and comparatively low temperature conditions.

Fruits such as papaya and mango that grow all year

round form the fourth group.  They bear fruit at a fixed

period in the year.  Based on the results obtained in

field trials, an example of a suitable crop sequence was

proposed,along with appropriate production techniques

(Fig. 4).  

General Discussion

A multidisciplinary approach was adopted with the

collaboration of researchers from various specialized

fields to develop technologies for upland cropping in

Northeast Thailand.  While each technology can be used

individually in specific situations, their mutual

relationships can be depicted in the diagram shown in

Fig. 5.  

Soil conservation is the first priority since

sustainability of upland cropping in Northeast Thailand

is in peril due to soil degradation from erosion and

decreased soil fertility9). Introduction of trees into farm

fields, such as through alley cropping, is effective not

only in preventing erosion, but also in supplying organic

matter through pruning of trees. The role of trees in

the daily life of farmers is important6), and utilization of

Leucaena for alley cropping has been reported to be

effective in North Thailand7). Soil incorporation of crop

residues and green manure is valuable for improving

soil chemical and physical properties. Subsoiling in

sloping fields is effective for trapping and accumulating

runoff rainwater in deep soil layers, which benefits crop

growth under dry condition.

Diversification comes as the next step after the

achievement of soil conservation. Agriculture in

Northeast Thailand is characterized by overreliance on

monoculture crops such as sugarcane, cassava and rice,

for which prices fluctuate greatly depending on demand

and supply in international markets4).  The introduction

of new crops is essential for increasing and stabilizing

the income of farmers.  The development of appropriate

production techniques for each crop, including no-till and

mulching, and appropriate crop sequences based on
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rational use of the climatic conditions of the rainy and

dry seasons, is indispensable for the diversification of

agriculture. Improvement of crop management

technologies with the introduction of small agricultural

machinery serves not only to supplement the decreasing

agricultural population in Northeast Thailand but also to

develop intensive value-added agricultural production.    

Adaptation of the technologies developed through

this research to actual production sites involves further

steps, since each site has specific natural and social

conditions in which economic factors play a crucial

role１）. The combination and modification of these

technologies to adapt them to local situations through

collaboration   with   farmers   is   necessary   for   their

effective dissemination.
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Photo 1  Pruning of trees in alley cropping Photo 2  Subsoiling on the contour line

Photo 3  Seeding with a no-till seeder Photo 4  Germinated crop in a no-till field

Photo 5  Chopping of green manure crops Photo 6  Mechanical weeding
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