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Foreword 

Late in 1983, an agreement was reached between the Agricultural Research Service (ARS) 
of the U.S. Department of Agriculture (USDA) and the U.S. Agency for International 
Development (USAI"') whereby ARS would provide technical input to USAID projects in 
need of expertise fer improving soil and water management in dryland or rainfed 
agricultural systems. This decision reflects not only a growing awareness that such systems 
provide most of the world's basic food crops, but that increased production is often limited 
by constraints in soil and water management. It also indicates renewed interest in 
improving the productivity of subsistence level farmers in semiarid regions where dryland 
aad rainfed agriculture is practiced. The USDA/USAID Dryland Agriculture Project 
emphasizes the technology for soil moisture management, and is directed toward three 
geographic regions where there is a critical need to increase the production of diversified 
agricu!tural crops, i.e., the Near East (or Middle East), Sub-Saharan Africa and Southeast 
Asia. 

The Northeast Region of Thailand, which encompasses the Korat Plateau and 17 
Provinces, is the poorest region in the Kingdom, both agriculturally and economically. The 
major constraints to agriculture in this region are coarse-textured, sandy soils that are 
inherently low in fertility, low in soil organi: matter, and low in their water holding 
capacity. Rainfall patterns are erratic and crops are subject to moisture deficits and stress 
from drought that can occur even during the rainy season. It is logical then that USAID 
should be concerned with improving soil, water and crop management systems for rainfed 
agriculture in Northeast Thailand. We seek to accomplish this th~rough cooperative research 
with Khon Kaen University and the Ministry of Agriculture and Cooperatives, and its 
Department of Agriculture and Department of Land Development. More specifically, we 
hope to foster research projects that will lead to improved soil management techniques, 
increased water conservation and storage, and improved crop calendars that would allow 
the selection and/or sequencing of crops for more efficient use of water. 

Anson R. Bertrand, Ph.D. 
Director, Office of Agriculture 

Science and Technology Bureau 
USAID 

Washington, DC 



Preface 

The workshop on "Soil and Crop Management Systems for Rainfed Agriculture in 
Northeast Thailand" was held at Khon Kaen University, Khon Kaen, Thailand on 

February '25-March 1, 1985. h was co-sponsored by Khon Kaen University (the official 

host institution), the Department of Agriculture (DOA), the Department of Land 
Development (DLD), Kasetsart University, the Northeast Rainfed Agricultural 
Development Project (NERAD), and the 'USDA/USAID Dryland Agriculture Project. The 

objectives of the workshop were threefold: 

I .	 To review and discuss major problems and constraints in soil/water/crop management 
in rainfed agricultural systems with particular reference to Northeast Thailand. 
Regional experiences from Sri Lanka and India were also presented. 

2. 	 To review available data bases and cuirent research activities, and to develop 

strategies for resolving major problems through research and agrotcchnology transfer. 

3. 	 To consider the development of an effective and comprehensive research and training 
network which includes scientist-to-scientist linkages between national/regional 
scientists and with U.S. scientists working on similar problems of dryland or rainfed 
agriculture. 

The data base document, distribated to the workshop/seminar participants, was compiled 

by the Department of Soil Science, Kasetsart University, Bangkok. It summarizes the 

research which has been done in Thailand in various aspects of soil, water and crop 

management that are relevant to future agricultural research and development projects in 

the Northeast region. Hopefully. this document, as well as the technical papers in these 

proceedings, will be of considerable value to those scientists who will be working on high 

priority problems of the Northeast. Such problems and constraints to agricultural 
biest 	be overcome through meaningfulproduction and stability in the Northeast region can 

cooperation among Thai University scientists and those researchers in the Ministry of 

Agriculture and Cooperatives. It is hoped that linkages with U.S. scientists working on 

similar problems will also contribute to this goal of increasing the productivity and 

stability of rainfed agriculture in Northeast Thailand. 

Chaitat Pairintra, Ph.D. 	 Kovit Wallapapan, Ph.D. 
Vice-Rector fbr Administration Faculty of Technology 
Khon Kaen University 	 Khon Kaen University 
Khon Kaen, Thailand 	 Khon Kaen, Thailand 

James F. Parr, Ph.D. 	 Raymond E. Meyer, Ph.D. 

Soil Scientist and Coordinator Project Monitor and Soil 
USDA/USAID Dryland Agriculture Scientist 

Project 	 USAID/S&T/AGR 
Beltsville, Maryland, USA 	 Washington, DC, USA 
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Soil and Water Resources in Northeast Thailand 

S. Panichapong
Department of Lind Developmnent, Bangkok, Thailand 

ABSTRACT. This paperpresents infornation about soil conditions atnd availability of waterresourcesfor agriculturalproduction in Northeast Thailand. Soil constraintsand possible
methods to al/eviate dien are discussed. 

Introduction Northeast Thailand is comprised of 17 provinces covering 168,854 ki 2 or about one-third
of the total country area. It is considered to be a region of limited resources, although 57percent of the legion is currently under agricultural production. The main problems arepoor quality soils, the scarcity of water resources, and erratic rainfall patterns. This paperdiscusses the soil and water resource status of the region and suggests some approaches forimproving soil productivity and increasing crop yields. 

Physiography of the The Northeast, commonly known as isKorat Plateau, a saucer-shapedNortheast 	 shallow basin whichtilts 	slightly in an easterly direction. The plateau consists of flat-topped mountains and 
undulating dissected peneplain surfaces. Its elevation ranges from 100 to 200 m aboveMSL. Along the southern and western edges of the plateau aie mountains of the cuestastype 	and cliffs with elevations of 200 to 1000 in above MSL. The middle of the northernpart of the plateau is folded, forming the Phu Phan Mountain Range in a NW to SEdirection. It has an elevation of 600 in above MSL. Based on this information andgeological structure, six physiographic areas of the Northeast region are differentiated, asshown in Figur,! 1, and described briefly as follows: 
I) 	 Western Highland. The area is comprised of a mountain range lying in a north-south

direction. The area cast of the mountains is an undulating to rolling landscape. 
2) 	 Northern Highland. The area is a narrow strip located in the extreme north of theregion. It has undulating to hilly topography underlain by rocks of the Lower and 

Middle Korat Group. 
3) 	 Sakon Nakhon Basin. This basin is in the north of the region with Sakon NakhonProvince in the center and extends to Nakon Phanom to the east and Nong Khai andUdorn to the west. The surface of the basin has flat to undulating topography,underlain by the evaporite bearing salt formation. The largest fresh water lake of theregion, Nong Ham, is located at the middle of the basin. Water from the major

streams north of the Phu Phan Range drains into Nong Harn and then to the Mekong
River via the Songkram River in the northern part of Nakon Phanom Province. 

4) 	 Central Highland. The area is composed of the Phu Phan Mountain Range and hashilly to undulating topography. It is underlain by the rocks of the Lower and Middle 
Korat Group. 

5) 	 Korat Basit The 	Korat Basin is located south of the Central Highland. It is thelargest basin and covers all or part of II provinces (17 provinces in the NE),
including Buriram, Surin, Srisaket, Nakon Ratchasima, Ubon, Roi Et, Yasothon,Maha Sarakham, Khon Kaen and Kalasin. The two major rivers of the Northeast thatflow 	through the basin are the Chi River in the Central portion and the Mun River inthe south (Figure 2). These rivers join together at Rasri Salai District, Srisaket
Province. before draining into the Mekong River southeast of Ubon Province. 

2 



/ 5
 

1. Western Highland 
2. Northern Highland 
3. Sakon Nakhon Basin 
4. Central Highland 
5. Korat Basin 
6. Southern Lowland 

Figure 1. Physiographic Regions of Northeast Thailand. 

6) 	 Southern lm'land. This area is located in the southern part of the region with the 
Dangrek Mountain Range on the extreme south forming the border between Thailand 
and Cambodia. The area north of the Dangrek Mountain Range is undulating to flat, 
grading toward the north to the Mun Tiver. Tertiary basalt hills are found scattered in 
the area, especially in Surin and Buriram Provinces. 

Soils 	 Soils in the Northeast region are derived from three major groups of parent material: 
(1)alluvium, mainly sandstone origin, (2) colluvium, mainly sandstone origin, and 
(3) residual sandsto'ne and basic rock such as basalt. Some scientists believe that many 
soils originally thought to be derived from alluvium may actually have formed from eolian 
or residual material. However, this concept has yet to be proved. 

The Soil Survey Division, Land Development Department, has shown that the Northeast 
region consists of seven soil orders, of which 21 great groups have been identified. A 
brief description of these groups follows: 

1) Quartzipsaments.These soils are found on alluvial terraces having undulating 
topography with slopes ranging from three to eight percent. They have A-C profiles 
with sandy texture throughout. Sand grains are composed of greater than 95 percent 
Si0 2.These soils are rapidly to excessively drained. Water holding capacity is very 
low. Fertility status is low to very low. 

3 
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Figure 2. 	Mountain Ranges and Main Drainage Patterns of 
Northeast Thailand. 

2) 	 Ustiosamments. Tfhese soils are similar to the Quartz ipsamrments except that the sandgrains are less than 95 percent Si),. 
3) 	 Usuiuvents. These soils are found on the lev.cs of' the major rivers such as the Chi,

Mun and Mekong. anid, in general, have less than a five percent slope. They haveA-C profiles butl the texture of' each horizon is varied. Profiles can he sand alternating
with loani texture. Drainage of' the soils is good to moderate. Fertility level is 
medium. 

4) 	 Ustorthents. These soils are fouind alont., the base of' hills or mountains. They are
shallow with rocks or rock fragmients f'ound at less than 50 cm depths. They can have
either A-C-R or A-R profiles and are not considered suitable for agricultural purposes. 

5) C'hronmst'rts. These soils are flound on slig7htly sloping topography and are derived
fromt basalt. They have A-C profiles with heavy clay texture throughout. They crack
deeply for a pcriod longer than 90 days atyear. The surf'ace soils, less than 30 cm
deep, have a pale color. Tfhey, normally have a high flertility level but their suitability
for agriculture is outweighed by their poor physical characteristics. 

6) 	 Pe//usterts. These soils are similar to Ciiromusterts except that the color of*the upper
30 cm of the surfface soil is very dark or black. 

7) 	 Tropauewjs. These soils are flound in backswvanps or low terrace positions having flat
topography 	and slopes less than two percent. They have A-B (cambic) profiles. Soil 
texture is clay or loam with a predomninantly gray color. Brownish, reddish or
yellowish mottles are found throughout the profile. They are poorly drained, during
rainy seasons, water stagnates for at long period. Watter holding capacity is moderately
high to high. The fertility level is low to moderate. 
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8) 	 Halaquepts. These soils are found on the low terraces having flat topography with
 
slopes less than two percent. They have A-B (cambic) profiles. Soil texture is loamy
 
and the soil %iatrix color is gray with mottles throughout. These soils often have a
 
high salt content. SAR is > 13 (or sodium si turation > 15 percent) in most of the
 
upper 50 cm and decreases below this depth. Salt crust can be observed on the soil
 
surface during the dry season.
 

9) 	 Ustropepts. Typically these soils are formed from weathered ba';ic rocks ,n undulating 
topography. They are wcll-draincI with A-B (cambic) profiles. Their texture is clayey 
throughout and lime :oncretions ii often found in the subsoil, which can reach a base 
saturation percentage of more than 50 percent. Their fertility level is medium to high. 

10) lvstro','lps. These soils are found on nearly fiat to undulating topography with slopes 
ranging from two to eight percent. They also have A-B (canbic) profiles with sandy 
loam or sandy clay loam texture. Drinage is moderate to good. Their fertility level is 
low or somewhat low. 

11) 	 Haplustolls. It is believed that these soils are formed from marl on undulating terrain 
with slopes from three to eight percent. Tfhey are shallow soils with marl or carbonate 
at a depto of less than 50 cm. Surface soil is black and very thick. Soil texture is fine 
clayey to clayey. They have a high water holding capacity and are well-draired. They 
have a high fertility level. 

12) 	 Natraquafi. These soils are derived from alluvium on flat to nearly flat topography. 
They have A-Btg (argillic B) profiles. Surface soil texture is either sandy loam or 
loamy sand with the clay content increasing in the argillic horizon. Subsoils contain 
high sodium. In general, they have a gray matrix color with brown and yellow mottles 
in the subsoil. During the dry season white salt crusts are commonly found on the soil 
surface. This group is one of the major problem soils in the Northeast, requiring 
special attention from all disciplines concerned. 

13) 	 Tropaquafs. These soils are found on recent or low terraces having flat to nearly flat 
topography. They have A-Btg (argillic B) profiles. Soil texture is fine clayey or fine 
loamy. Matrix color is gray with brown, yellow or red mottles throughout the soil 
profile. Percent base saturation in the subsoil is higher than 35 percent. They are 
poorly drained and water stagnates on the soil surface throughout the rainy season. 

14) 	 Paleustafv. These soils are found on undulating terrain and have A-Bt (argillic B) 
profiles. Soil texture is mostly loamy. The soils have a reddish brown color and are 
well-drained. Percent base saturation in the subsoil is more than 35 percent. Carbonate 
concretions may be found in the B horizon or below. They have a medium fertility 
level. 

15) 	 Haplustalfv. These soils are Found on undulating to rolling topography. They are 
somewhat shallow with A-Bt (argillic B) profiles. Soil texture is clayey throughout. 
Soil color is mostly brownish or brownish yeilow indicating well-drained conditions. 
Rock or re - fragments, resulting from weathering of the rock beneath, are present at 
depths of 50 cnt or more. Percent base saturation in the subsoil is more than 35 
percent. TFiesc soils are rated as medium in fertility. 

16) 	 Plinthaqut/is.These soils are found on old alluvial terraces that have flat to nearly 
flat topography. In general, the soils have A-Bt (argillic B) profiles with loamy to 
clayey soil texture. These soils have a gray colored matrix with mottles throughout. 
Laterite gravels are found in the subsoil and below that the plinthite layer is present. 
They are poorly drained and water normally stagnates on the soil surface fer much of 
the rainy season. They are rated low to somewhat low in fertility. 
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17) 	 Paleaquults.These soils are formed on old alluvial terraces that have flat to nearly flat
topography. Their profile orientation is A-Bt (argillic B). They can have either clay or
sandy loam texture. Matrix color is gray with brown, yellow or red mottles
throughout the profile. They are poorly drained with water stagnant on the soil surface 
during most of the rainy season. They are low or semewhat low in fertility. 

18) Plinthustults. These soils are found on ailuvial terraces that are undulating. They are
shallow with A-Bt (argillic B) profiles. Laterite gravels or rock fragments are present
at depths of' 50 cm or less The horizon immediately beL,.iw this is plinthite in nature.
The soils are well to ,.oderaiely well-drained. Fertility status is somewhat low to low. 

19) 	 Paleustults. These soils are found on undulating to rolling topography, and on
footslope:s of less than 30 percent. They are deep soils with A-Bt (argillic B) profiles.
Soil 	textue varies from clay to loam. Matrix soil color is yellowish red or red, and
soils are moderately well to well-drained. Fertility status is moderately low !o low. 

20) 	Haph:.,ults. These soils have characteristics resembini, Paleustulls except that theargi~lic horizon is thinner and tie subsoil contains more than ten percent weatherable 
minerals. 

21) 	 Haphstux. These soils are found on high alluvial terraces with undulating or rolling
topography. They have A-Box profile characteristics. Soil texture varies from loamy
sand to sandy loam and sandy clay !oamn. Their color is rcd or yellowish red 
throughout. representing we!l-drained situations. The soils have undergone strongleaching processes, leaving only trace amounts of"plant nutrients in the upper profile.
Hence, their fertility status is low. 

Many of the soils are considered to be problem soils as recognized by Panichapong
(1982). Of his seven types of so-called problem soils, four of them, sandy textured soils,vertisols, saline and sodic soils, and skeletal soils, are Ibund in the Northeast. Saline and
sodic soils have received the most attention and publicity because they are utilized toproduce the most important food crop, i.e., paddy rice. 'fable I illustrates the extent of 
the problem soils in ihe region. 

Table 1. Types and Extent of Problem Soils in Northeast 
Thailand (Panichapong, 1982). 

Soil 	Type Area 

rais 	 km2 

Sandy texturL soils 3,300,000 	 6,100 

Vertisols 290,000 	 470 

Saline and sodic soils 1,500,000 	 2,300 

Skeletal soils 18,,000,000 	 20,000 

Total' 24,000,000 	 29,000 

t Totals may not be precise due to rounding. 
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In addition, there are about 12,000,000 rais or 19,000 km 2 of land with slopes in excess 
of 35 percent. Such lands are not suitable for agricultural purposes. 

used to estimate the approximateA 1:500,000 scale soil map of the Northeast region was 
area of each phase of the great groups. The results are reported in Table 2. This provides 
a good understanding of the soil resources of the region. 

Table 2. Soils in Northeast Thailand. 

Phase of Great Group 

Sandy Quartzipsamments 

Sandy Quartzipsamments/Loamy Dystropepts 

Sandy Ustisamniments 

Loamy Ustifluvents 

Skeletal Ustorthents 

Clayey Chromusterts 

Clayey Pellusterts 

Clayey Tropaquepts 

Loamy Halaquepts 

Clayey Ustropepts 

Loamy Dystropepts 

Loamy Dystropepts!Loamy Paleaquults 

Clayey Calciustolls 

Loamy Natraqualfs 

Clayey Tropaqualfs 

Clayey Paleustalfs 

Loamy Paleustalfs 

Clayey Haplustalfs 

Loamy Haplustalfs 

Skeletal Haplustalfs 

Skeletal Haplustaifs/Loamy Paleaquults 

Skeletal Plinthaquults 

Clayey Paleaquults 

Clayey Paleaquults/Loamy Paleaquults 

Clayey Paleaquults/Loamy Paleaquults 

Loamy Paleaquults 

Area 

kn 2rais 	 % 

3,309,000 5,300 3. 1 

720,000 1,200 0.69 

41.000 65 0.039 

260,000 410 0.2.4 

25,000 40 0.024 

!3,000 20 0.012 

280,000 450 0.27 

6,800,000 11,000 6.5 

460,000 730 0.44 

140,000 230 0.14 

1,900,000 3,000 1.8 

320,000 520 0.31 

320,000 520 0.31 

1,000,000 1,600 0.95 

470,000 750 0.44 

36,000 58 0.034 

230,000 380 0.22 

900,0.0 1,400 0.86 

330,000 500 0.31 

2,200,000 	 3,600 2.1 

29,000 47 0.028 

450,000 710 0.42 

1,800,000 2,900 1.7 

230,000 370 0.22 

26,000 41 0.024 

15,000,000 24,000 14 
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Table 2. (Continued) 

Phase of Great Group Area 

rais km2 % 

Skeletal PaleaquuLts 

Loamy Plinthustults 

Skeletal Plinthustults 

Skeletal Plmithustults/Skeletal Plinthaquults 

Skeletal Plinthustuhs/Loamy Paleaquults 

Skeletal Plinthustults/Lo,uny Faleustults 

Clayey Palcustults 

Loamy Paleustults 

Loamy Paleustuts/Clayey Tropaquepts 

Loamy Paleustults/Loatny Dystropepts 

Loamy PaleusulIts/Clayey Paleaquults 

Loamy Paleustults/Loanly Palcaquults 

Loamy PaleustUlts/Skeletal Paleaquults 

Loamy Palenstults/Skeletal Paleust Its 

Loamy Palcustults/Skelctal Haplustults 

Skeletal Paleustults 

Skeletal Haplustults 

Skeletal Haplustults/Skeletal Ustorthents 

Skeletal Haplustults/Skeletal Plinthaquults 

Clayey Haplustox 

Slope Complex 

Water 

20,000 

45,000 

10,000,000 

550,000 

920.000 

200,000 

2,200,000 

22,000,000 

61,000 

710,000 

220.000 

14,000,000 

150,000 

760,000 

34,000 

1,900,000 

450,000 

140,000 

210.000 

730,000 

12,000.000 

980,000 

32 

72 

17,000 

880 

1,500 

310 

3,500 

34,000 

98 

1,100 

360 

22,000 

240 

1,200 

54 

3,000 

710 

220 

330 

1,200 

19,000 

1,600 

0.019 

0.043 

10 

0.52 

0.88 

0.18 

2.1 

20 

0.058 

0.67 

0.21 

13 

0.14 

0.72 

0.032 

1.8 

0.42 

U.13 

0.20 

0.69 

11 

0.92 

Total t 100,000,000 170,000 100 

t Totals may not lieprecise due to rounding. 

Water Sources of water for crop cultivation are 1)rainfall and 2) irrigation. 

Rainfall 

The climate of Northeast Thailand is classified as tropical savanna. From November toFebruary the northeast monsoon brings cooi and dry weather to the region, while from
May to September the southwest monsoon brings warm and moist weather from the Indian
Ocean. Most of the rainfall occurs during this period. Average annual rainfall varies from 
one area to another. The areas in the west and the south, including Loei, Khon Kaen, 
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Surin, Korat, Chaiyaphum, Buriram and Maha Sarakham Provinces, are the driest. Their 
average annual rainfall is from 1200 to 1400 nm with 107 to 132 rainy days. The areas in 
the north and cast of the region, including Sakon Nakhon, Srisaket, Roi Et, Ubon, Udorn, 
Kalasin, Yasothon and Mukdahan Provinces, receive mnoderate anioufhs of rainfall, ranging 
from 1400 to 1800 mm per annum, with 120 to 125 rainy days per year. The areas in the 
extreme north of the region near the Mekong River. including Nakon Phanom and Nong 
Khai Provinces, receive more than 1800 mm per annum with about 132 rainy days. 

The total amount or average annual rainfall is not that important. Rather. erratic rainfall 
patterns and poor distribution coupled with sandy soils wkhich arc low in fertility, highly 
erodible, low in organic matter, and have low water holding capacity, create more 
problems for farmers in the region because they depend on rainwater for their cultivation. 
The low lying areas normally suffer from flooding after intense rainfall while th,: 
highlands are generally water deficient. 

lrrigatioa 

The government recognizes the problem of water deficiency in the Northeast. hence, a 
large amount of the budget has been used for constructing reservoirs and pond: of varying 
capacity. Although the government is willing to spend more money for this purpose, the 
construction of dams. reservoirs or ponds is limited by a lack of suitable sites. Some 210 
irrigation projects have now been completed and many farm ponds are under construction. 
Figure 3 shows the types and approximate locations of the completed irrigation projects. 
These projects will irrigate about 3.2 million rais, which is only 2.3 percent of the land 
classified as suitable for crop culivation (Table 3). It is impossible to irrigate all of the 
agricultural land. Moreover, the completed projects need better maintenance which also 
requires a large capital input. It is inevitable that a large part of the land in the Northeast 
will rely on rainfall for crop cultivation. What has been accomplished thus far on 
irrigation is mainly that farmers' attitudes have improved. This is important in building a 
firm foundatior for future development schemes. 

Table 3. Irrigation Projects in the Northeast Region of 
Thailand (Statistics and Report Section, Planning 
and 	Budget Division, Oct. 1982). 

Irrigation Region 	 No. of Capacity Area 
Projects 

113 	 rais
 

4th 	 Irrigation Region, 65 330 690,000 
Khon Kaen 

5th 	 Irrigation Region, 70 2,200 1,300,000 
Ubon
 

6th 	 Irrigation Region, 75 1,500 1,200,000 
Nakon Ratchasima 

Total Pro.jectst 210 4,000 3,200,000 

t Totals may not be precise due to rounding. 
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.: Small reservoirs and farm ponds 

- Pumping irrigation projects for dry season 

v Pumping irrigation projects for wet season 

e Large dam and irrigation ptojects 

-C. Irrigation systems 

Figure 3. Irrigation Projects in the Northeast Region of Thailand. 

Constraints In Constraints derived from soil and water resources can be summarized as follows: 
Agricultural Production 

Soil 

1) 	 Soils arc low in organic matter and low in plant nutrients. 

2) 	 Some soils have special characteristics that hinder crop cultivation such as saline and 
sodic soils, very heavy clay soils (vertisols), very sandy textured soils and skeletal 
soils. Remedial measures or special management practices are necessary before they 
can be farmed effectively and productively. Thus, these soils are called problem soils. 

3) 	 Low water holding capacity, low cation exchange capacity, low pH (acidity), and low 
base saturation. 
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4) 	 Some soils are highly erodible, especially those with a low organic matter content and 
light sandy texture. During a rainstorm the clay particles are easily dispersed and 
move downward with water to settle in between the rows of the crop or low spots, 
leaving almost pure sand particles on the ridges where the crops are transplanted. The 
clay particles settle and often form a sheet that hardens into a surface crust which can 
impede water infiltration, aeration, drainage and seedling emergence. 

5) 	 Low biological activity in the soils due to the lack of available carbon (or energy) and 
the presence of factors unfavorable for microbial activity. 

Water 1) 	 The total amount of annual rainfall is not much different from other parts of the 
country, but duc to high evapotranspiration rates coupled with low water holding 
capacity of the soils, the crops grown in this regien require more water and have a 
greater risk of water stress and drought. The climatic analysis shows that surplus 
water occurs only between August and October. Rainfall may exceed the 
evapotranspiration rate fbr a short period in May, but it is not long enough for most 
crops to survive and reach maturity. 

2) 	 Irrigable land is limited. 

3) 	 The risk of salinity increases when the land is put under irrigatior because most of the 
exising irrigation system is designed fbr paddy rice; hence, the drainage system is 
ignored. Without a proper drainage system the groundwater level, which has a high 
salt content, will gradually be raised until it reaches the root zone, after which the 
crop will be adversely affected. 

Panichapong and Hemsrichart (1982) prepared an agroclimatological map of Thailand 
using soil suitability and moisture availability index (MAI) values as criteria for 
classification. The results of their study showed that the Northeast can be separated into 
agroclimatological regions as listed 	 in Table 4. 

Recommendations 1) 	 Salinity will continue to be a major research topic but more attention should be given 
to (a) movement of salt in relation to groundwater, (b) distribution of salt-affected 
soils in relation to movement of groundwater, and landscape and rainfall distribution, 
and (c) crop varieties tolerant to saline conditions. 

2) 	 Research to develop appropriate technologies for the management of other problem 
soils, such as skeletal soils and sandy textured soils, must be accelerated. 

3) 	 Development of cropping sy.;!ems or crop varieties that are adaptable to conditions in 
the Northeast Region is of utmost importance. 

4) 	 Water consumption and water use efficiency by each crop must be determined. 

5) 	 Technology for managing acid soils must be developed and transferred to critical areas 
to minimize iesearch costs. 

6) 	 Conservation tillage systems must be developed that can be easily and successfully 
adopted so as to effectively minimize soil erosion. 
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Table 4. Agroclimatological Zones of the Northeast
 
Region of Thailand (Panichapong and
 
Hemsrichart, 1982).
 

Map Legend 	 Description Area 

rais 

AU-L-M Areas with a long rainy season (,>5 months) suited 45,000,000 
for most annual crops, biennial crops and some fruit 
trees. Growing season starts in May. 

AU-M-Mrl 	 Areas with a medium rainy season (3-4 months) 11,000,000
suited for most annual crops and some biennial crops. 
Growing season begins in May but o dry spell may 
occur for one nionth (firing June or Iuly. 

AU-M-Mr2 Similar to AU-M-Mrl except that the dry spell period 11,000,000 
is two months between June and August. 

AU-M-Ju 	 Areas with a medium rainy season (34 months); 240,000 
suitable ;or most annual crops and some biennial 
crops. Growing season starts in July. 

AP-L-M 	 Suitable areas for late rice varicties. Growing 16,000,000 
season starts in May. 

AP-L-J 	 Suitable areas fOr late rice varieties. Growing 3,600,000 
season starts in hnne. 

AP-M-Mr 	 Suitable areas for medium rice varieties. Growing 6,400,000 
season starts in May but dry spell may occur between 
June and August. 

NA-F 	 Nonagricultural land including steep lands and i1,000,000 
watershed areas. 

Water 980,000 

Total f 100,000,000
 

mayt T,,atl not be precise duc to rounding. 
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Excursion 	Route 

Physical Environment of 
Northeast Thailand 

Physical Environments and Soil Profile Characteristics of Northeast
 
Thailand
 

C. Mongkolsawat, R. Katawetin, T. Tulapitak and C. Pairintra 
Khon Kaen University, Khon Kaen, 71ailand 

ABSTRACT. The objective of this paper is to provide some information on physical
environments for discussion thring the field trip. It also describes projile characteristics ofthe representative soils in the Northeast. 17he phYSical environments as described here were 
ertractedfioin several publications. 

The schematic map of the excursion route is shown in Figure 1. 

Stop I 	 Maha Sarakham Field Crop Experiment Station. 
The route first passes along the Friendship Highway and turns left to Maha
Sarakham. We will stop at Maha Sarakham Field Crop Experiment Station
where the experiments on soil, water and crop management have been 
conducted for several years. The results and activities of the Station will be 
explained to overview the agricultural problems existing in the region. 

Stop 2 	 Kalasin Land Development Station (see map).
 
The profile characteristics of the most extensive upland soil in the Northeast

will be shown. The discussion will be concentrated on the Yanagement

practices of this soil. Moreover, the research activities conducted at the Station 
will be explained to help point out the existing problems. 

Stop 3 	 Profile of the paddy soil.
 
The profile is characteristic of paddy soil. The discussion will cover the
 
practical management of this soil under rainfed conditions.
 

Stop 4 	 Huai Srithon Experiment Center.
 
The activities of the Center mainly deal with soil, 
 water and crop management
under irrigation. 

Climate 

The dominant feature of the climate of Northeast Thailand is the marked seasonality inrainfall distribution with nearly 80 percent of the total rainfall being recorded in the wet season from May to October. The controlling mechanism for this is the seasonal shift of
the low pressure belt of the Intertropical Zone of Convergence (ITC) with the apparent
movement of the sun and corresponding changes in wind patterns. Superimposed onto thisis the development of a marked zone of high pressure over the Asian continent during the
winter and of low pressure during the summer. 

The main seasons are a relatively cool, dry season from November to February and a wet season from May to September with an intermediate warm to hot season from March to
April, and again in October. 
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Figure 1. Schematic Map of the Excursion Route. 

The dry season is associated with the extensive high pressure system over the cold Asian 
continent and the ITC over the Indian Ocean slightly to the south of the equator. The 
resulting north-south pressure gradient causes fresh, dry northerly to northeasterly winds 
over Southeast Asia. 

The premonsoon season from March to April is characterized by changing wind systems 
and a marked increase in temperature. Unsettled conditions and thunderstorms mark the 
approaching wet season. It is associated with a low pressure belt over the Asian land mass 
resulting in a pressure gradient opposite to the one dominating the dry season. Wet season 
winds are southwesterly moisture bearing winds from the sea which bring heavy rainfall to 
the area. Tropical cyclones originating in the Pacific contribute erratically to the rainfall. 
The postmonsoon period in October marks the change in the predominant wind and 
pressure systems. 
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There is some spatial variation in rainfall and evaporation across the Korat Plateau. The 
lowest rainfail occurs in a rain shadow zone east of the ranges dividing the plateau from 
the Central Plains and the highest evaporation occurs in a zone across the southern part of 
the plateau. These two zones coincide in Korat and Chaiyaphum. 

While these characteristics reflect the general long-term weatther pattern the actual 
year-to-year situation may vary considerably with below or above average rainfalls. Delays
in the start of the wet season and dry spells within the wet season can seriously affect 
agricultural activities. 

Most serious for agricultural activities, and in pailicular for rainfed, lowland rice 
agriculture, are rainfall variability at the beginning of the wet season and diy spells within 
the wet season. Variability in the onset of the wet season can result in a considerable 
range in planting date for rice nurseries and time of transplanting with resultant yield
variations. Dry spells within the wet season result in significantly lower yields or even 
crop loss due to the drying out of freshly transplanted rice fields. No detailed study has 
been made of the extent of dry spells or drought days but gcneral information indicates 
that dry spells of three weeks are possible. The total number of dry days in the months 
from May to July is, with 50 percent probability, 44 at Roi Et and 35 at Surin. Since dry
spells are identified merely by the number of consecutive days without rain, the actual 
effect of dry spells can be expected to be much more significant if one looks at the total 
water balance and identifies dry spells in terms of moisture stress. 

Geology, Geonorphology and Soil 

The Northeast region of Thailand is virtually identical with the Korat Plateau, a large
saucer-shaped basin with prominent raised margins to the souh, southeast and west formed 
by outward facing escarpments. The boundaries to the north and east follow more or less 
the course of the Mekong River. Apart from the steep and high margins, the only other 
prominent topographic teture of the Korat Plateau is the Phu Phan Range, a southeasterly 
row of hills which separates the plateau into two basins, the larger Korat Basin to the 
south and the smaller Sakon Nakhon Basin to the north. Due to the predominantly
horizontal structure of the sedimentary sequence which underlies the plateau and the 
generally low elevation (100 to 200 i1 MSL), the landscape is relatively featureless and 
consists of low hills and ridges separated by broad, shallow valleys. 

The central areas of the two basins are formed by flat to gently undulating alluvial plains
which are drained by easterly flowing drainage systems. The Korat Basin, covering some 
33,000 km2 , is drained by two major rivers, the Mun and Chi Rivers, which join at Ubon 
Ratchathani. The smaller Sakon Nakhon Basin, extending only over some 10,000 km 2 , is 
drained by a number of disconnected shorter rivers most of which drain directly into the 
Mekong River. Of great significance for the development of the Korat Basin is the 
presence of a series of rapids near the junction of the Mun River and the Mekong River 
since these control the iocal base levels of ei'osion and are largely responsible for the very
low gradients of the Mun and Chi Rivers. The geological map of Northeast Thailand is 
shown in Figure 2. 

Geologically, the Korat Plateau is formed by a thick sequence of Mesozoic sediments, the 
Korat Group, ranging in age from upper Triassic to Tertiary and attaining a maximum 
thickness of about 5000 in. This sequence unconformbly overlies a relatively rigid folded 
Palaeozoic basement block. The Mesozoic sequence has been subdivided into numerous 
formations; however, only the upper Korat (subgroup), cons;sting of the Phu Phan, the 
Khok Kruat and, above all, the Maha Sarakham Formation, is of significance for the land 
salinization studies. 
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Figure 2. Geology of Northeast Thailand (After Jacobson et al., 
1969). 

The Phu Phan Formation is a relatively thin (100 to 140 in), but resistant iayer of hard 
sandstone capping the steep escarpments surrounding the Korat Plateau. It is overlain by 
the Khok Kruat Formation, a series of interbedded siltstones, shales and minor sandstones 
with the sandstone beds decreasing in thickness upwards in the sequence. The Khok Kruat 
Formation is relatively nonresistant and contains a few small salt beds in the upper parts 
of the sequence, 

The most important formation, the one which underlies the entire excursion area, is the 
Maha Sarakham Formation. Formerly called the Salt Formation, it contains considerable 
quantities of evaporites (salt beds) in the form of rock salts, halite, gypsum and potassium 
minerals. The sequence consists of interbedded siltstones, sandy shales, mudstones and 
sandstones. The rocks are nonresistant and surface outcrops are rare since they are 
invariably deeply weathered. Occasionally, sandstone outcrops occur near ridges and along 
road cuts. The distribution of saline soils in the Korat Plateau closely coincides with the 
occurrence of the laha Sarakham. 
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The salt deposits within the formation are of variable thickness and range from salt veinsor thin layers of salt of only a few centimeters thickness to bodies of salt exceeding 250 min thickness. Recently, it has been reported by the Economic Geology Division of MRDthat salt domes hundre,'s of meters thick have been discovered extending to within 80 m ofthe land surface. Tlhe salt deposits are not found at depths of less than 60 m due to 
leaching of the salt. 

The Maha Sarakham Formation was deeply weathered in the Tertiary period. In some areas the weathered mantle is fully preserved, but in others it has been partially or whollystripped. During the Pleistocene, a deep valley system was incised into this weathered

landscape. Uplift along the margins subsequently caused its filling with sediments.
 

Most of the present-day landscape is more easily explained as an erosional landscape
which developed over the near horizontal to gentle warped bedrock. At least 
 two major

periods of erosion and incision can be recognized. The Tertiary period 
was characterizedby deep weathering of the bedrock and a gently undulating landscape. Low, flat-topped
plateaus of gravelly remnants with deep weathering profiles (high terrace) wnich 
occur
along the margin of the Mun and Chi River basin may also be remnants of this period.During the early Quaternary period, a lowering of base level caused this landscape to bedissected and the main valleys were deepened to 150 m below their present levels. This
was followed by a major period of sedimentation in the basins leading to filling of the

valleys and the formation of the extensive plains.
 

Superimposed on these events were climatic changes associated with worldwide cooling
and warming during the Pleistocene. 
 We have evidence that in Northeast Thailand thiscooling was associated with drier conditions probably resulting from the gready extendedland area during the glacial low sea level stage. At tl-nt time, the entire Gulf of Thailand,
the Sunda Shelf and the Malacca Straits were dry land and the west coast lay some
150 km west of the present coast. These drier environments resulted in reduced vegetative

cover in the catchment areas and increased supply of sandy sediments into the rivers
causing braided flood plain conditions. This led to widespread accumulation of sand in thelower lying, low energy basins. The landforms of the Korat Plateau have generally been
fitted into the model of landscape-evolution as described by Moormann et al. (1964) 
 andSchoiten et al. (1973). Moormann et al. (1964) distinguished several terraces extending
over much of the plateau area 
and regarded the present day undulating to low hillylandscape as essentially alluvial in origin. During several stages of erosion, this alluvial
landscape was dissected and, result,as a a series of terraces developed which they termedhigh, middle and iow terrace. Scholten et al. (1973), in a more recent study, proposed thateolian activity was associated with these processes and Moormann's middle terrace deposit 
may have originated from this activity (Figure 3). 

The general physiography, including the main quaternary formation of the Korat Plateau,
is shown in Figure 4 (after Mekhong Committee, 1978). 

The identification of landforms helps to identify the soil boundaries since their
relationships are intimately associated. The terrace landscapes and corresponding soil series
in the Northeast are illustrated in Figure 3. 

18 



5 4 3 2 	 1 

Depression 	 Basin Levee 

Old alluvium " / ":,': . '. : '.'. '• . Recent alluvim 

Bedrock (sandstone, conglomerate, basalt, etc.) 

Figure 3. 	Schematic Cross-Section of the Terrace Landscape in 
Northeast Thailand (After Scholten et al., 1973). 

1. 	 Flood plain of recent river alluvium with Tha Muang, Chiang Mai and Sanphaya soils 
on levees, and Chainat, Ratchaburi and Phimai soils in the basins. 

2. 	 Low alluvial terrace of old alluvium with Roi Et, Tha Turn, On, Phen, Kula Ronghai 
and Ubon soils, and also Tha Phanom soils on old levees. 

3. 	 Middle alluvial terrace of old alluvium with Korat, Satuk, Nam Phong and Phon 
Phisai soils, and also Ubon and Kenu soils in depressions and lower parts. 

4. 	 High alluvial terrace of old alluvium with Warin and Yasothon soils. 

5. 	 Hills with Tha Yang, Lat Ya, Phu Sana, Borabu, Buriram, Surin, Chok Chai and 
Chatturat. 

Description of Soil Profile Stop 2 
Characteristics 
(Stop 2 and Stop 3)I Information on the Site 

Soil name: Fine loamy, mixed, isohyperthermic aerie Paleustults 

Date of examination: February 17, 1985 

Authors: C. Mongkolsawat, R. Katawetin and T. Tulapitak 

Location: Southern part of the area belonging to Kalasin Land Development Station. 
About 15 km west of Kalasii Province at approximately 16'24"N 
103 025'E. 

Elevation: 155 meters 

Landform: 	 Physiographic position: Middle terrace 
Surrounding landform: Undulating 
Microtopography: Nil 

Slope: Gentle slope 

Vegetation and land use: Mainly used for field crops 

Climate: Annual rainfall about 1300 mm, mainly in the rainy season. Average 
temperature 26 to 28°C. 
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II General Information on the Soil 

Parent material: Old alluvium 

Drainage: Well-drained 

Moisture condition in profile: Dry 

Presence of surface stones and rock outcrops: Nil 

Evidence of erosion: Nil 

Presence of salt and alkali: Apparently free 

Human influence: Plow pan created by agricultural machines 

III Profile Description 

Ap 0-34 cm Reddish brown (5 YR 4/3) moist; loamy sand; weak fine 
subangular blocky structure; aonsticky, nonplastic; few fine 
roots, smooth boundary to Bit; medium acid (pH 5.0) 

Blt 34-74 cm Reddish brown (5 YR 5/4) moist; sandy loam; weak fine 
subangular blocky structure; slightly sticky, slightly plastic; 
broken thin clay coating in pores; very few fine roots; clear 
smooth boundary to B22t; medium acid (pH 5.5) 

B22t 74-110 cm Reddish brown (5 YR 5/4) moist; sandy loam; weak fine 
subangular blocky structure; slightly sticky, slightly plastic; 
common interstitial pores; broken thin clay coating in pores; 
very few fine roots; clear smooth boundary to B23t; medium 
acid (p-I 5.5) 

B23t 100+ cm Reddish brown (5 YR 5/4) moist; sandy clay loam; weak fine 
subangular blocky structure; slightly sticky, slightly plastic; 
bro n moderately thick clay coating in pores; strongly acid 
(pH 5.0) 

IV 	 Inferred Characteristics of the Soil 

The land has been generally used for field crop experiments, probably with high 
fertilizer application. 

Stop 3 

Information on the Site 

Soil name: Clayey, mixed, isohyperthermic aeric Paleaquult 

Date of examination: February 17, 1985 

Authors: C. Mongkolsawat, R. Katawetin and T. Tulapitak 

Location: 200 m north of road from Kalasin to 1hon Kaen. About 12 km west of 
Kalasin Province at approximately 16'24'W 103'26'E. 

Elevation: 140 m 
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Landform: Physiographic position: On low terrace 
Surrounding landform: Flat 
Microtopography: Nil 

Slope: Flat 

Vegetation and land use: Mainly used for paddy field 
Climate: Annual rainfall about 1300 mn, mainly in the rainy season. 

temperature 26 to 28C. 
Average 

11 General Information on the Soil 

Parent material: Old alluvium 

Drainage: Poorly drained 

Presence of surface stones and rock outcrops: 

Evidence of erosion: Nil 
Presence of salt and alkali: Apparently free 

Nil 

III Profile Description 

Ap 0-17 cm 

Bltg 17-34 cm 

B21tg 34-64 cm 

B22tg 64-90 cm 

B23tg 90+ cm 

Brown (7.5 YR 5/4) moist; strong brown (7.5 YK 5/8)
mottles; sandy loam; weak fine subangular blocky structure;
nonsticky, nonplastic; few fine roots, graaual smooth 
boundary to Bltg; medium acid (pH 5.5) 

Brown (7.5 YR 5/4) moist; strong brown (7.5 YR 5/8)
mottles; loam; weak fine subangular blocky structure; slightly
sticky, slightly plastic; common interstitial pores; continuous 
moderately thick clay coating on ped faces and in pores; few 
to frequent iron concentrations; few fine roots; gradual smooth 
boundary to B21tg; strongly acid (pH 5.0) 

Light brown (7.5 YR 6/4) moist: yellowish red (5 YB 5/8)

mottles; loam; moderate medium subangular blocky structure;

sticky, plastic; common interstitial pores; continuous
 
moderately thick clay coating on 
ped faces and in pores; few 
to frequent iron concretions; few fine roots; gradual smooth 
boundary to B22tg; very strongly acid (pH 4.5) 

Light brown (7.55 YR 6/4) moist: red (25 YB 5/6) mottles; 
clay loam; moderate medium subangular blocky structure;
sticky, plastic; many tubular and interstitial pores; continuous
moderately thick clay coating in pores and ped faces; few to
frequent iron nodules; smooth boundary to B23tg; extremely 
acid (pH 4.0) 

Gray (5 YR 6/1) nioist; dark reddish brown (10 YR 4/6) 
mottles; clay; moderate medium subangular blocky structure;
sticky, plastic; many tubular and interstitial pores; continuous 
moderately thick clay coating in pores and ped faces; few to 
frequent iron nodules; very strongly acid (pH 4.5) 
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IV Some Information on Agricultural Practices Used by the Farmers 

Rice has been cultivated during the rainy season with 

Fertilizer: 16-20-0, 150 kg/ha 
Pesticide: Furadan 
Variety: RD 6, Sanpathong 
Yield: 3000 kg/ha 

During the dry season watermelon, peanut and vegetables have been planted. 

Watermelon: 	 Variety: Crisione, Sugar Baby 
Fertilizer: 15-15-15, 150 kg/ha 
Pesticide: Lannite 
Irrigation: Twice 

Net Income: 20,000 B/ha (dependent on marketing price) 
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Overview of Rainfed Agriculture in Northeast Thailand 

I.A. Craig and U. Pisone 
University of Kentcky, Northeast Rainfed Agricultural
Development Project, lha Pra, K/ol Kaen. 7hailandand 
Northeast Regional Office of Agriculture and Cooperatives, 
Via Fra, K/uon Kacn, Vlhaiand 

ABSTRACT. his paper provides background infiormation about the Northeast at the region
level and makes coiparisons with "lhailatd as a whole. Data are presented on thephysical, agroecoloc.ical and socioeconomic conditions in the region, and national
agriculturalp 'lic' iad its iniilications fot the Northeast are brie/hy reviewed. Agricultural
production patterns, trends and "'ield levels are Suonmarized and comparisons are made 
nith other re'gianl.( and 77ailand as a whole. Agroccological Parameters are used to define
the five major a,'roecosyste',is of the re,'ion and tit critical crop production constraiti.. in 
each are identified and discussed. 

Ai attempt is inade to assess iic variabilitY of pro,ltction (it the region, the agroecosysten
and the Jatin levels. 7he inlortance (y stabilit\%at the ]arm-in level is described and its
implications jor firinerdecision-iaking, techthology-ahption and tehnology-design trediscussed. Finall , the persctive fin agricultural production in the region is considered
and the major critical constraints to d 'velopment are siimnarizna d. 

Introduction The purpose of this paper is to provide background inlbrmation concerning rainfed 
agricailture in Northeast Thailand. This revie cannot hope to be complete and, therefore,focuses on the agricultural characteristics of the region that have important implications for
the objective, of this wor:shop and presents infbrmation that will not be directly addressed 
in other papers. 

The Northeast Region The Northeast region covers 170,000 km2 and is bounded on the north and east by the 
Mekong River which torms the common border with Laos, on the west by the Phetchabun
Mountain Range and on the south by the Dangrek Mountain Range where it borders with
Kampuchea. The Phu Phan Mountains run in a northwest to southeast direction dividing
the region into the Sakon Nakhon and Korat Basins. The former is drained by theSongkram River directly into the Mekong while the Korat Basin or Triangle is drained by
two major rivers, the Chi and the Mull, which flow into the Mekong in Ubon (Figure 1).Both basins are at an elevaicn of approximately 200 m and are characterized by a gently
rolling topography which s!opes toward the southeast. A scematic cross-section of the 
region is shown in Figure 2. 

Rainfall patterns are dominated by both the southwest monsoon and tropical cyclonesoriginating over the Indian Ocean. There is a distinct rainy season from May to October 
exhibiting a bimodal pattern with peaks in June and September. Average annual rainfallvaries from less than 1000 mm in the rain shadow in the west to over 2300 mm along the
Mekong in the northeast giving three distinct rainfall regimes (Figure 3). The critical
factor affecting agriculture. however, is the extreme variability both within and between 
years rather than the total amouni of rainfall received. 

There are 35 different soil types in the Northeast but the majority fall into one of four 
great groups (Table 1). 
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Figure 3. Rainfall lsohfyets and Major Rainfall Regimes. 

With the exception of soic limestone areas inthe hills, virtually all soils inthe Northeast
 are derived from sandstone, shale or siltstone and, therefore, are inherently low in
potassium, calcini,magnesium and phosphorus (Ragland el al., 1984). Being highly

kaolinitic) contents.weathered, they are extremely sandy and have low organic matter and clay (predominantly
Low clay contents combined with the iow acidity of kaolinitic mineralsgive rise to soils with extremely low cation exchange and buffering capacities which are
often extremely acidic, especially when dry. In addition, parts of the region are underlainby salt bearing rock, often quite close to the surface, resulting in geologically induced 
salinity problems (Mitsuchi, 1984). 
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Table 1. Major Soils of Northeast Thailand (KKU, 1982 and 
Mits;uchi, 1984). 

USDA Classification National Systems Major Series 

Ustifluvents Semirecent alluvial Tha Muang, Sanphaya 

Tropaquepts Recent alluvial Ratchaburi, Phimai 

Paleaquults Low-Humic Gley Roi Et, Tha Turn 

Paleustults Red-Yellow/Gray Korat, Warin, 

Podzolic Satuk. Yasothon 

The region contains approximately 17 million people or about one-third of the total 
population of Thailand and has an annual population growth rate of 2.3 percent. The 
majority are "Thai issan" who migrated from LIaos across the northeast bank of the 
Mekong over the past several hundred years (KKU, 1982). fhcre are also many ethnic 
subgroups including Laos-Wieng, Thai Korat, Khmer in the southern provinces, recently 
migrated Vietnamese and long established ethnic Chinese mainly in the towns and larger 
villages. 

Farming is the major occupation of 80 percent of the population and, on average, 75 
percent of household inconme comes directly from farming (USAID, 1981). The average 

agricultural household income for the region is 15,000 Baht. or approximately $540 per 
year, which represents only 65 percent of the national average (OAE, 1983). The 
Northeasterners are extremely mobile and will often migrate to the provincial centers, 
Bangkok or other regions to find work in the off-season to supplement their incomes. A 

significant number also migrate to Singapore or the Middle East to find work mainly as 

laborers for periods of one to three years. 

The region is well served with air, rail and road systems linking the major market towns 

and the region as a whole with Bangkok. Laterite roads link most of the villages directly 
with market centers or at least provide access to the highway system. Small-scale industry 

the region.and construction in the Changwat centers provide some off-farm employment in 

Administratively, the Northeast is organized according to Table 2. Agriculture receives 
high priority in the nation's economic policy and greater attention is now being given to 

rainfed and poverty areas than in the past with obvious positive implications for the 
Northeast. The region includes 60 percent of the nation's government-designated poverty 

areas with over 75 percent of the region's Districts falling into this category. Such 
Districts receive additional aid through various development programs. A major policy 

shift in recent years is towards greater reliance on local initiative and participation in 

development programs which should, as a consequence, solve locally important problems 

and thus better serve the real needs of the farmers. This should greatly benefit the 

Northeast which in the past has suffered from inappropriate programs administered from 

Bangkok. Specific agricultural policies which will help the Northeast include the promotion 

of export crop commodities, reforestation, small-scale water resource development and 

improvement of problem soil areas (saline, acid and eroded soils). 
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Table 2. Administrative Organization of the Northeast. 

Total area 17 Mha 
Provinces 17 
Districts 193
 
(Poverty Districts) (147) 
Tambons 1981 
Villages 20,828 
Farms 1,840,184 

Average farm size 4.5 ha 
Average household members 6.6 people 
Population 17 million 
Population growth rate 2.37% 

Production Patterns Total cropped area in the Northeast is increasing as population pessure causes the farmers 
to cut the forest and bring it tinder cultivation. Deforestation is occurring at an alarmingrate and currently stands at seven percent per year (Table 3). Most of the forest clearanceis not for permanent agriculture. Farmers are exploiting the initially high organic matterand nutrient levels for two to three years after which the land is abandoned as fertilitylevels and yields decline. This is adding significantly to the region's problems throughincreased flooding in the rainy season and reduced river flow in the dry season. 

Permanent agriculture in the region is essentially small, pre!dominantly crop-based, mixedfarming with 80 percent of agricultural income obtained from cropping activities. T!!eremainder accrues from the sale of livestock and fish, production of silk and charcoal, sale 
of forest products, etc. 

A variety of cropping systems have been evolved by farmers in response to their localagroecological conditions and family requirements. Ninely-five percent of the region hasno irrigation and the crop production environment is characterized by rainfall withextremely high annual variability. Staggered planting dates, cultural practices and the cropsgrown are the most common farmer strategies for dealing with this variability. 

Cropping patterns in the region can best be summarized according to five generalized landtypes: lower paddy, middle paddy, upper paddy, upland and hill land. Most farms arecomposed of a mixture of two, three or more of these land types in varying proportions
depending on their location. 

The lower paddy land is bunded and planted to long-duration rice every year in the wetseason. Rice seedling nurseries are also generally established on this land type as soon assufficient water is available. Other crops grown in part of this kenaf beforearea includerice and a variety of vegetables for home consumption with sale of the surplus in localmarkets. The major problems on the lower paddy land are occasional flooding of the ricein wet years and difficulty in establishing prerice upland crops due to temporary
waterlogging of the soil. 
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Table 3. Land Use in Northeast Thailand (OAE, 1983). 

Land Use Area Percent of Percent 
Total Area Change in 

Last 5 Years 

Mha 

Total area 17 100 Unchanged 

Forest land 2.7 16 - 35 

Farm holding 8.3 49 + 6 

Unclassified 5.9 35 +20 

Farm holding 8.3 100 + 6 

Irrigated area 0.4 4.8 +44 

Paddy land 5.8 70 + 5 

Field crops 1.7 20 +31 

Others 0.8 10 Unchanged 

Head of cattle 6 million + 7 

No. of pigs 1.1 million +24 

The middle paddy is probably the most productive land in the region, as it combines 
reasonable water control with a reduced risk of flooding. A medium-duration rice crop is 
produced in the rainy season in most years, sometimes with vegetable, legume or tobacco 
crops before and/or after the rice. 

The upper paddy is also bunded but may be planted to short-duration rice in only three or 
four years out of ten with a successful harvest occurring even less frequently. This land 
has the potential for producing one or two upland crops during the rainy season. Farmers 
will p'ant rice whenever possible, however, and by the time the decision is made that 
there will be insufficient rainfall for rice, it is generally too late to plant an upland crop. 
Weed problems are severe on this land since it often lies fallow for two to three 
consecutive years allowing weed populations to build up. 

The uplands account for 20 to 30 percent of the cultivated land in the Northeast and 
consist of unbunded fields, often on land reopened from a short bush fallow. The major 
crops grown on this land in order of importance are: cassava, kenaf, sugarcane, upland 
rice and legumes such as peanut or inung bean, which are usually grown as monocrops 
during the rainy season. The major problems here are rapid reduction in soil nutrient 
levels, selective soil erosion of clay and organic matter (Mitsuchi, 1984), and disease 
build-up in the continuously cropped areas. 
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The hill lands are found in the more mountainous areas in the south, the west and in the 
Phu Phan Range. The hill soils are usually of higher inherent fertility than those found in
the river basins and generally produce good yields of maize, upland rice, cotton and a
variety of other crops in the rainy season. The major problems include: sheet and gulley
soil erosion, poor water retention due to the shallow nature of the soils in some areas,
isolation from markets and market price fluctuations. Farmers in these aeas are especially 
at risk from price fluctuations ;as they often grow no rice and are, therefore, totally
dependent on selling cash crops to buy their subsistence rice supplies. 

Production Levels The crop production data presented in Table 4 illustrates a number of important properties
of the agricultural situation in the Northeast. 

First, the Northeast is a vital contributor to the successful Thai economy through its 
contribution to agricultural production, which for Thailand as a whole accounts for 
65 percent of total export earnings. The region supplies 36 and 59 percent, respectively,
of the country's rice and cassava, Thailand's two largest export earners. It also produces
22 percent of the maize, I I percent of the sugarcane and 100 percent of the kenaf which 
are also important export commodities. 

Table 4. Crop Production in Northeast Thailand (OAE, 1983). 

Land Use Production 

Crop Planted 
Crop Area 

Change in 
Planted 
Area 
1978-83 

Percent 
of National 
Production 

Mean 
Yield 
1978-83 

National 
Mean 
Yield 
1978-83 

Percent 
of 
National 
Average 

ha x 103 ...... % ........ .... kg ha - 1 .... % 

Rice 4,260 + 9 36 1,200 1,660 73 

Cassava 726 + 15 59 13,400 13,900 96 

Maize 501 + 53 22 1,780 1,990 90 

Kenaf 217 - 31 100 1,040 1,040 100 

Sugarcane 104 +124 11 39,800 40,600 98 

Peanut 28 + 25 19 1,020 1,190 86 

Cotton 25 - 13 25 1,270 1,150 112 

Mung bean 18 + 55 4 664 594 112 
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Agroecosystems of the 
Northeast 

Stability 

Second, despite the generally poor soils and erratic rainfall in the regioa, yield levels are 
generally comparable with and in some cases exceed national averages. Rice yields are low 
not only because of soil and water control problems but also because, unlike many larger 
rice farmers in the Central Plain and elsewhere, rice is produced as a low-input, 
subs';-tence crop in the Northeast and produces little or no cash for the purchase of 
fertilizer and other inputs. Considering the production constraints facing the Northeastern 
farmers, the yields obtained should dispel any ideas that the farmers are backward or lazy. 
They are undoubtedly among the most skilled in southeast Asia and are behaving rationally 
in the face of the constraints facing them. 

T-irA, :harfiges in the planted area of the major crops illustrate that agriculture in the 
Northeast is extremely dynamic. The rice area varies considerably from year to year in 
response to rainfall. Changes in planted area of the other crops, however, are more a 
response to market opportunities and prices received. Cassava is the best example of this. 
Within the last ten years as demand grew in Europe, cassava, a virtually unknown crop, 
has become the second most important crop after rice and the largest cash earner for the 
region. These shifts in production patterns illustrate how farmers will respond to new 
opportunities and should help to dispel the myth that they are resistant to change. 

With the exception of rice and cassava, where planted area has fluctuated annually, and 
kenaf production which has declined, the area of all the other major crops has increased 
significantly in recent years. Production levels have also increased duc mainly to the 
expansion of the area planted rather than higher yields; yields have fluctuated from year to 
year but have not significantly increased. In the future, if production is to continue to 
expand and the natural resource base of the region is to be maintained, then yields per unit 
area must be improved. 

Various attempts have been made io classify the Northeast into zones or domains for 
agricultural purposes (Pisone, 1984; OAE, 1980; DOA, 1979). These efforts have been 
based mainly on rainfall, soil type and economic conditions but have generally not been 
found to be very helpful and have not been widely used. This is probably due to two 
major reasons. First, local diversity within the various zones or even within villages and 
individual farms is considerable and probably accounts for larger differences in agricultural 
practices within the zones than between them. Second, the zoning systems have failed to 
take sufficient account of the topography of the region which is the main determinant of 
both hydrology and soil nutrient status, two critical factors for crop production. 

Based on topography and water regimes, five major agroecosystems can be identified for 
Northeast Thai.and. These are: hill, miniwatershed, nonflood plain, flood plain and 
irrigation system, (Limpinuntana, 1984). This is not offered as an alternative form of 
agroeconomic zoning but rather classifying the region in 'his way facilitates the description 
of the major agricultural production patterns and allows conclusions to be drawn regarding 
the important problems and constraints facing farmers. Figure 4 shows the location of 
these systems and their major characteristics are summarized in Figure 5. 

Agriculture in the Northeast is subjected to two major types of instability: first, production 
instability caused mainly by climatic variability, and second, price instability for both 
marketed products and purchased inputs. 

The greatest production variability occurs in the wet season rice crop and is reflected in 
both the area planted and yield per planted area. Regional production data do not give a 
true picture of this variability. It is not until the lower levels in the hierarchy are reached 
that the real variability facing farmers becomes apparent (Figure 6). This is due to internal 
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Miniwatershed system 

Hill system 

Flood/nonflood plain systems 

Irrigation systems 

Figure 4. 	Major Agroecosysterns of Northeast Thailand (After
KKU, 1982; USAID, 1978). 
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I 

Hill System 

Forest Bush fallow Orchard Crops 
I I 

Soils 	 Paleus.tults (loamy, fine.clayey), Haplustalfs 

Crops 	 Gathering, Upland rice, Mango, Maize, cassava,
 
firewood, cassava, jackfruit, mung bean,
 
hunting maize custard sorghum
 

apple 

Problems 	 Diminishing Shorter Marketing, Drought, 
area 	 fallows, prices weeds,soil 

weeds, erosion, 
erosion prices 

Lqcatlon 	 Western and southern hills and the Phu Phan mountains. 

" 	 Miniwatershed System 

I Upper I Middle Lower 
Upland Paddy Paddy Paddy 

Paleustult! 
Soils Paleustult Paleaquult Paleaquult Paleaquult 

Crops 	 Vegetable Cassava, Rice (short- Rice (long. Rice (long. 
gardens, kenaf, duration) duration) duration) 
mulberry sugarcane, 

watermelon 

Problems 	 Low O.M. Insufficient Low soil Low soil 
content, water, weeds, fertility fertility, 
selective- drought occasional 
erosion, flooding 
marketing 

Location 	 Throughout the Northeast In areas between the hills and the
 
flood and nonflood plains
 

Figure 5. Characteristics of the Major Agroecosystems of 
Northeast Thailand. 
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Irrigation System 

Figure 5. (Continued) rCanal 

Paddy 

Soils Paleaquult 

Crops Rice, rice-rice, rice.peanut/corn/vegetables 

Problems Irregular water suppliea, salinity, marketing 

Locations Throughout the region in limited area 

I 

Upland Upper Paddy Lower Paddy 

Soils Paleustult 
Paleaquult or
Dystropept 

Paleaquult or
Dystropept 

Crops Cassava, kenaf, 
sugarcane, 

Rice followed by 
peanut/tobacco, 

Long-duration rice, 
kenaf-rice-water. 

peanut sesame-rice melon 

Problems Low soil 
fertility, 
marketing 

Drought, low 
soil fertility 

Salinity, water
logging of upland 
crops, marketing 

Locations Throughout the Korat Triangle but predominate in the southern 
parts of Maha Sarakham, Roi Et and Yasothon and the northern 
parts of Srisaket, Surin and Buriram. 

,'R ___ Flood Plain 

I Upland IPaddy 

Soils Us!ifluvents Paleaquults, Dystropepts or Tropaquepts 

Crops Vegetables, fruit 
trees, mulberry 

Long-duration rice, rice-vegetables 

Problems Marketing, limited Flooding 
area 

Locations Areas along the Chi, Mun and Songkram Rivers 
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Figure 6. Percent Deviation of Rice Yields From an Eight-YearMean. 

buffering within the region: dra,.'ts in one place are compensated by high rain
elsewhere; high rainfall re,.iucus yields in the flood plain through flooding but increases 
yields through better water control in the nonflood plain or miniwatershed systems, etc. 
Individual farmers still have to cope with the variability, however, and they have 
developed various strategies for coping with risk. In rice, for instance, they use 
photosensitive rice varieties so that planting date can be adjusted depending on the 
availability of sufficient water; they' keep a number of years' rice supply in their barns to 

carry them over years of low production and they use minimal purchased inputs to reduce 
risk in drought or flood years when they may lose the entire crop. 
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In cash crops, a further factor of market risk is also introduced. The farmers respond
similarly with minimal inputs in these crops; they choose export crops which have more
stable prices and plant crops with flexible marketing schedules such as cassava or kenafwhich can be left in the ground until prices improve, or choose storable crops such as rice 
ind maize which can be sold when prices are higher. 

The inherent instability has a number of important implications for technology design andtransfer. First, rice is the key to agricultural development in the region; if rice yields can
be stabilized and improved, this will remove many of the constraints currently facing
farmers in the Northeast. Second, overemphasis on productivity and insufficient attentionto the stability properties of' new technologies have led to low adoption rates in the past.
Finally, many of the current croppin g s*ystemsare exploitive in nature and are degrading
the production resource base. In the future, it' agricultural production is to continue toexpand, and the natural resource base of the region is to be maintained or improved, thenyields per hectare must be increased. This will not be achieved in tile initial phases,
however, by dramatic increases in purchased inputs. Rather, attention must focus on lowcost improvements in water control such as small weirs, shallow wells and better leveled
paddies, and on low-input systems of soil improvement such as green manuring, liming
and more efficient use of animal manure and compost, that the poor subsistence fanners 
can afford. 

Conclusion The problems facing Northeastern farmers are severe but not unsolvable. However,
solutions will conic only through a joint effort between research, extension and the farmer.The latter should be considered an active partner in the development process in order thathis real needs, the constraints facing him, and the wealth of local knowledge 'that he has tooffer are incorporated into the design of new technology. In conclusion, the problems thatneed to be addressed, sonic of which will be considered by this workshop, are as follows: 

1) Rapid deforestation 

2) Limited opportunity for irrigation: five percent at present; 20 percent maximum 
3) Problem soils: Low O.M. and nutrients, acidity, salinity, low water holding capacity 
4) Irregular rainfall: drought/flooding 

5) Farmers' lack of cash for purchased inputs 

6) Farmers' unstable subsistence rice production 

7) Low and unstaL,' market prices 

8) Lack of area-specific farming system recommendations 
9) Poor links between farmer, research and extension. 

References Asian Institute of Technology. 1978. Water for the Northeast: A strategy for the 
development of small-scale water resource, Vol. I. Asian Institute of Technology,
Bangkok, Thailand. 

Department of Agriculture. 1979. Rainfed farming practices and systems in relation to
agroecological zones of Thailand. Dept. of Agric., Bangkok, Thailand. 

Khon Kaen University. 1982. An agroecosystem analysis of Northeast Thailand. 
KKU-Ford Cropping Systems Project, Fac. of Agric., Khon Kaen University, Khon 
Kaen, Thailand. 

Limpinuntana, V. 1984. Agroecosystens of Northeast Thailand. pp. 10-36. hi Proc. of a
Seminar on Viable Farming Systems fcr the Infertile Upland of Northeast Thailand,
November 26-29, 1984, Khon Kaen University, Khon Kaen, Thailand. 

36 



Mitsuchi, M. 1984. N,,te on the soils of Northeast Thailand. Report of the JICA Expert 
Team, Agric. Dev. Res. Project in Northeast Thailand. 

Office of Agricultural Economics. 1979. Agricultural statistics o"Thailand crop year 
1979/80. Center for Agricultural Statistics, Office of Agricultural Economics., Bangkok, 
Thailand. 

Office of Agricultural Economics. 1983. Agricultural statistics of Thailand crop year 
1982/83. Center for Agricultural Statistics, Office of Agricultural Economics, Bangkok, 
Thailand. 

Pisone. U. 1984. Situation of foodgrain production under rainfed conditions in Thailand. 
FAO Contract Report Northeast Regional Office of Agriculture, Khon Kaen, Thailand. 

Ragland, J.L., I.A. Craig, C. lintager, P. Chouangchani, and L. Meyer. 1984. Quarterly 
Report No. 8, Northeast Rainfed Agricultural Development Project. University of 
Kentucky Technical Assistance Team. 

U.S. 	Agency for International Development. 1981. A socioeconomic survey report of 
Northeast Rainfed Agricultural Development Project. Office of Agriculural and Rural 
Development, Bangkok, Thailand. 

37 



Section II 
Agroclimatology and Cropping Systems 



Agroclimatology in Northeast Thailand 

N. Vorasoot 
Khon Kaen UniversitY, Khon Kaen, 7haihind 

ABSTRACT. The inportant factors liniting crop yields in Northeast Thailand are the poorqualityv soils and erraticraiifall.Soils are sandy with a low moisture holding capacity;the, are also !f low fi'rtilitv. The clinate is classified as tropical savanna. There are threerecognizable :;easons, the rain v season with annual rainfall rangingfront 1100 to 2300vinter with average temperature of 220 to 25°C and suniter with average 
mii, 

temperature (1 280 to 30'C 

Farinin the Northeast is crop-based; the nain crops are rice and a varietv of up/a11dcrops. 01"the 200,000 kin2 in the region, 54,00() kin 2 are planlted to rice and"14,000 knt2 
to upland crops. Vegetables cover 640 kn12 aiid fruit trees are planited on 320 kin 2. Theremainderof the cultivated lana is under grasslaidpasture or left idle. The success ofintroduciis ,,c:' ctopping pattern, such as peanut after rice or sesame he/ore rice isclosely dependent uponi planning based on a more detail'd knowlede'e of variationi in local 
rainfall. 

Introduction Northeast Thailand is the largest region of the country and covers an area of 200,000 km2 .
Its population is about 17 million which is one-third of the national total. Per capitaincome of the Northeasterner is about 40 percent of the national average, ranking thelowest among those of th, four regions. This can be attributed largely to low agriculturalproductivity. There are several constraints on farming in the area, but the most importantfactors are erratic rainfall and the lack of irrigation facilities (KKU-Ford Cropping SystemsProject, 1982). At present, over 90 percent of the cultivated land depends entirely uponthe monsoonal and cyclonic rains because of inadequate irrigation. Although the amount ofrainfall is not as low as that of the semiarid and arid zones, its inconsistency makes it lessuseful to agricultural development. Either dry spells or flooding generally occur as a resultof rainfall irregularity. Since k'ertile land has become less available due to the high rate ofpopulation growth, both the good lands and those which are of marginal quality must beutilized to their iull potential. This can be done by increasing the cropping cycles of plantsgrown on the good quality lands or selecting proper crops to be grown on the margina!lands. This approach requires careful planning to establish a proper cropping patternsuitable for each location in the region. Detailed information on the amount and

distribution of annual local rainfall is essential for the development of such a plan. 

Location The Northeast is located between latitude 140 and 18 'N and longitude 100' and 106 °E(Figure I). The average elevation ranges from 2)0 to 300 m above sea lcvel (Meteorology
Dept., 1977). It is bordered by a 400 in mountain range to the south, and a 1300 mmountain range in the west; the Mekong River provides the border with Laos in the northand east. Hills in the south define the boundary between Northeast Thailand and 
Kampuchea (Figure 2). 

Topography The Northeast region consists mostly of' undulating plain and plateaus tilted slightly toward
the northeastevn corner. Rugged hilly areas are also present along the southern andwestern boandaries of the region, as well as south of Udon Thani and Sakon Nakhon. TheChi and Mun are the two main rivers providing an outlet for four-fifths of the monsoonrunoff of th,. region. The rivers join near the Kampuchean border and flow into the 
Mekong River. 
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Figure 1. Map of Thailand Showing the Northeast Region. 

Geology and Soils 	 The Northeast regio is a high plateau, known as the Korat Plateau. Geologically, the 
plateau is comprisee of sandstone and shale strata overlain in the valley depressions by 
alluvial and river terrace deposits. Sandstone forms the upper strata and is highly pervious 
(KKU-Ford Cropi .Ag Systems Project, 1982). 

Keeratikasikorn (1984) reported that the soils of the region originated from two types of 
parent material: 1) transported and 2) residual parent material (colluvium). 

41 



Nong Khai" Laos 

" .Udon Thani i Nakon Phanom 

Sakon Nakhon 

Khon Kaen Kalasin Mukdahan 
" Maha Sarakham 

Chalyaphum(I Roi Et 
o 

.... " _----....., 
Nakon RatchasimaBuriram- Surin 

, 

-- N . 

,
 
:'Yasothon
 

,. Ubon Ratchathani 
rSsaket 

Kampuchea 

Figure 2. The Northeast Region Showing Changwat (Provincial)
Boundaries. 

Soils derived from the transported parent material are found in the lower areas of the 
plateau. These are: 
1) Flood plain soils (brown colored soils) 
2) Lower terrace soils (brown colored soils)
 
3) Middle terrace soils (brown and yellow colored soils).
 

Soils derived from residual parent materials are found in the high terrace and/or the hills.
 
They are mostly red or red-brown in color with good drainage capacity.
 
The soils found in the r..,rtheast region belong to 22 great soil groups and eight orders
 
(Figure 3).
 

Climate The climate of Northeast Thailand is classified according to Koppen's climatic
classification (Griffiths, 1978) as tropical savanna. There are three recognizable seasons,namely, the rainy season, winter (or cool season) and summer (Meteorology Dept., 1977).These three seasons are influenced by the southwes, and northeast monsoons. 

The rainy season extends from May to October. The pattern of rainfall is double-bell
shaped or bimodal with the first peak in the period from May to June, and the secondpeak from July to October. The early season (May to June) rains derive mainly from thesouthwest monsoon. Total rainfall received in this period is actually less than that obtainedduring the second phase (July to October). Rains received during this phase are derived 

42 



Quartzipsamment PlInthustult Quartzlpsamment 

Great Group Paleustult Quartzlpsamment Paleustult 
Plinthustult Plinthustult 
Haplustult Haplustult 

Haplustox Paleaquult Dystropept 
Dystropept Halaquept Ustifluvent 
Paleustult Natraqualf Tropaquept 

Plinthaquult 
PaleaquultHills High 

terrace Middle 
Middle terrace terrace Middle terrace Flood plain 

Lower terrace Lower terrace 
PgWn Basin Leveel kP I Ng Kt N,Suk wb KPPWb Pp I I I't Wd e Kt _ rm~ 

Figure 3. 	Physiographic Cross-Section and Soil Series of
 
Northeast Thailand (Modified from Keeratikasikorn,
 
1984).
 

from the southwest monsoon and cyclonic rain from the South China Sea. Rainfall during 

the second period is more frequent and heavier than during the first phase. Cyclonic rains 

occur three to four times annually and annual rainfall is usually determined by the 
frequency of the cyclonic rains. The average monthly rainfall over 30 years (1951-1980) in 
each province of the Northeast region (Meteorology Dept.. 1982) is given in Table 1. 
Nakon Ratchasima receives the least, 1100 mm, whereas Nakon Phanom ranks highe;t, 
receiving 2300 mn annually. 

The region cran be divided into three distinct zones according to the average amount of
 

rainfall received annually (Figure 4):
 

1) 	 Areas receiving more than 1400 mm, i.e., areas located in the northern and eastern 
parts of the region. 

2) 	 Areas receiving less than 1200 mm, i.e., the western band. 

3) 	 Areas receiving between 1200 and 1400 mm, i.e., areas between zones 1 and 2. 

The winter or cool season extends from November to February. The weather during this 

period is generally dry and cool and attributed to the northeast monsoon. The monthly 
means of relative humidity and air temperature of 30 years (1951-1980) in the Northeast 
provinces are given in Tables 2 and 3, respectively. Average relative humidity during this 

period is generally low ranging from about 58 percent in Chaiyaphuni to 70 percent in 

Nakon Phanom. The average air temperature is within the range of about 22C in Loei to 

25 'C in Surin. During this period, frontal rain may occur but contributes relatively little 
to the total 	annual rainfall. 

The summer extends from March to mid-May. Early in the season, the weather is dry and 
warm with occasional showers. The average relative humidity ranges from about 
62 percent at Chaiyaphum to 71 percent at Nakon Phanom. The temperature gradually 
increases and reaches a peak in late April. The average summer temperature ranges from 

28'C in Loei to about 30'C in Chaiyaphum. The i..itensity and frequency of the rainfall 

increases with time due to the onset of the southwest monsoon. 
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Table 1. Monthly Mean Rainfall (mm) of the Provinces in the Northeast 

for the Period 1951-1980 (Modified from Meteorology Dept., 1982). 

Province Month 
Totalt 

Jatj Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

................................................................................................................ 

Nong Khai 6 9 28 97 250 290 250 330 300 51 8 4 1600 

Loei 6 16 47 88 200 170 160 190 250 95 12 4 1200 

Udon Thani 7 20 39 80 220 240 230 290 280 80 7 3 1500 

Nakon Phanoni 7 19 44 100 240 480 420 590 320 52 5 1 2300 

Sakon Nakhon 7 16 42 85 230 260 210 320 260 62 6 2 1500 

Khon Kaen 8 15 34 63 170 180 160 190 280 86 14 3 1200 

Roi Et 3 15 29 89 190 190 210 260 320 88 9 1 1400 

Ubon Ratchathani 1 8 43 79 210 250 280 320 280 92 20 2 1600 

Surin 2 9 28 88 180 160 190 200 280 130 22 2 1300 

Nakon Ratchasima 4 23 55 70 160 120 130 130 260 160 30 3 1100 

Chaiyaphum 4 18 51 84 160 150 150 150 310 120 16 4 1200 

t Totals may not be precise due to rounding. 
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Figure 4. 	Isohyets for Annual Rainfall (After KKU-Ford Cropping
 
Systems Project, 1982).
 

Farming in the Northeast is traditionally crop-based. The main crops are rice and a variety
of upland crops. The total area of this region is 200,000 km2 of which 54,000 km2 is 
normally sown to rice and 14,000 km2 to upland field crops. Vegetable production consists 
of 640 km2 and fruit trees are planted on 320 km2. The remainder of the agricultural land 
is under grassland pasture or left idle (KKU-Ford Cropping Systems Project, 1982). 

Rice in the 	Northeast is grown mainly for subsistence purposes; only the suiplus is left for 
sale. The highest proportion of cultivated land under rice paddy is found in the eastern 
provinces 	 on the flood plain along the Mekong River, and in the central and southeastern 
provinces of Roi Et, Yasothon, Surin and Srisaket (i.e., on the plain along the lower 
terrace of the Chi and Mun Rivers). The size of the rice planting area, its yield and the 
total production are the three main factors determining the income level of people in the 
region. Consequently, those who live in the north and eastern provinces where the annual 
mean rainfall exceeds 1400 mm seem to have the most stable income. The least stable 
incomes are found among people who live in the western hilly provinces where the rainfall 
is less than 120() mm annually. This region has more than 100 rain-free (lays in the period
from May to October. The proportion of paddy land actually planted in any year depends 
on the occurrence of drought conditions early in the season, whereas yield is primarily a 
function of the later rainfall pattern (KKU-Ford Cropping Systems Project, 182). 

Field crops are the most important source of cash income for the Northeast farmers. Most 
of the area suitable for field crops is in the western provinces where the land is very
undulating or mountainous. The mean annual rainfall is less than 1200 mm in this area and 
is, therefore, more suitable for upland field crops than for paddy. In the central area of 
the Northeast, 10 to 20 percent of the cultivated land is suitable for field cropping. This 
area has a gently undulating topography. Paddy rice is normally grown in the depressions
and field crops on the higher areas. To the east there are only small areas sown to field 
crops. 
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Tabc 2. Monthiy Mean Relative Humidity (%) of the Provinces in the Northeast 

for the Period 1951-1980 (Modified from Meteorology Dept., 1982). 

Province Month Average 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

. ......... ........... ... .. .. % ....................................................... 

Nong Khai 67 64 63 68 78 82 83 85 83 76 70 67 74 

Loei 65 61 59 64 75 78 78 80 83 79 74 70 72 

Udon Thani 69 66 63 66 77 80 s0 83 83 77 72 70 74 

Nakon Phanom 69 68 66 69 79 85 86 88 85 77 72 71 76 

Sakon Nakhon 64 63 62 65 77 80 80 82 82 74 69 67 72 

Mukdahan 64 62 60 63 73 79 79 82 82 74 69 67 7! 

Lhon Kaen 63 62 60 63 72 76 77 80 82 76 70 66 70 

Ro; Et 65 63 62 65 74 78 78 81 83 74 72 68 72 

Ubon Ratchathani 66 64 63 67 76 80 81 83 83 77 72 69 73 

Surin 65 62 62 66 75 79 80 82 84 80 75 69 73 

Nakon Ratchasima 67 65 65 68 76 76 77 78 83 81 76 69 73 

Chaiyaphum 55 54 55 60 70 73 75 77 80 72 63 58 66 



Table 3. Monthly Mean Air Temperature (0C) of the Provinces ilW the Northeast 

for the Period 1951-1980 (Modified from Meteorology Dept., 1982). 

Province Month Average 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

.............................................. C......................................................... 

Nong Khai 22 24 28 29 28 28 28 27 27 27 24 22 26 

Loei 22 24 27 29 28 8 28 27 26 26 24 22 26 

Udon Thani 22 24 27 29 28 28 28 27 27 26 24 22 26 

Nakon Phanom 22 24 27 29 28 28 27 27 27 26 24 22 26 

Sakon Nakhon 22 25 28 29 29 28 28 27 27 27 25 23 26 

Mukdahan 23 25 28 30 29 28 28 27 27 27 25 23 27 

KhonKaen 23 26 29 30 29 29 28 28 27 27 25 23 27 

Roi Et 24 26 29 30 29 29 28 28 27 27 25 23 27 

Ubon Ratchathani 24 26 29 30 29 28 28 27 27 27 25 24 27 

Surin 24 27 29 30 29 28 28 28 27 27 25 24 27
 

Nakon Ratchasima 23 26 28 29 28 28 28 27 26 26 24 22 26 

Chaiyaphum 24 27 29 30 30 29 28 28 27 27 26 24 27 



Cassava, kenaf and corn are the most important field crops, sharing about 95 percent of
the uplands. Cassava and kenaf are planted throughout the west and in the central area,
while corn is more limited to the three provinces of Nakon Ratchasima, Loei and Srisaket. 
Sugarcane i1 rapidly replacing kenaf and cassava in those areas having adequate moisture 
in the dry season. Small acreages of peanuts, cotton, castor bean, sesame, soybean and 
mung bean are planted in some areas (KKU-Ford Cropping Systems Project, 1982). 

Information on the variation of local rainfall can be used for planning cropping cycles and 
cultural practices. This is illustrated by the rainfall data from Khon Koen and Surin 
Provinces. These two locations are in somewhat different agroecological zones. Surin has a 
mean annual rainfall of 1300 mm, which is slightly higher than 1200 mm for Khon Kaen. 
Annual rainfall for both locations also has a bimodal distribution. 

Due to the differences in agroecological conditions, farmers in Khon Kaen and Surin 
provinces have different types of cropping systems. Khon Kaen farmers grow only paddy
rice in the lower areas and kenaf, cassava, or sugarcane in the upland areas as a main 
crop. In contrast, in certain areas of Surin, farmers practice rainfed double cropping, i.e.,
they do not only grow rice during the middle of the rainy season but also grow short
duration field crops, either before or after rice and on the same fields. By doing this, they 
can fully utilize the off-season rain and dry season soil moisture. In the uplands of Surin, 
peanuts are planted after the early maturing rice or kenaf is harvested. The peanut is
planted at the end of rainy season without irrigation. According to the farmers, the late 
and early rains affect the performance of dry season peanut differently. Off-season rains in 
late November and December make the soil surface more compact and, therefore, obstruct 
peg penetration and pod formation, resulting in decreased yields. On the other hand, early
rains in February and March markedly increase peanut yield as the rains provide ample
moisture during the final pod filling stage. Similarly, in some provinces such as Burirum,
farmers grow sesame before rice transplanting. Turkish tobacco is grown after rice in 
Roi Et. 

In order to successfully transfer cropping system technologies from one place to another,
the rainfall probability must correspond with' the critical growth stages of the introduced 
crop in that particular location. When growing peanut after rice, crop performance can be 
expected to be satisfactory in those locations with a chance of receiving little or no rain in
late November and December, but with sufficient rain in February and March. However, 
for peanut, Jintrawet et al. (1983) reported that rainfall may not be the only factor 
influencing the performance of dry season plantings. The results from three years of 
studies on peanut growth and development in Surin indicate that the level of the subsurface 
watertable in the postrainy season is also a critical factor affecting peanut growth. High
watertable levels can adversely affect the growth of this crop. By checking the level of the 
subsurface watertable, a suitable area for dry season peanut planting can be located. The 
final yield, however, will depend almost entirely on the rainfall pattern. 
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KKU-Ford Cropping Systems Project, Fac. of Agric., Khon Kaen University, Khon 
Kaen, Thailand. 

48 



Meteorology Department. 1977. Climate of Thailand. (In Thai). Meteorol. Dept., 
Bangkok, Thailand. 

Meteorology Department. 1982. Climatological data of Thailand 30-year period (1951-80). 
Meteorol. Dept., Bangkok, Thailand. 

49 



Recent Advances in Agroclimatological Research in the 
Semiarid Tropics 

S.M. Virmani 
InternationalCrops Research Institute for the Semi-Arid 
Tropics, Hyderabad, hidia 

ABSTRACT. The clintate of the Northeast region of Thailand is semiarid tropical. It is
characterized by high temperatures, low and variable rainfall, and a relatively shortgrowing period. In this region the rainy season ranges from 2 to 4-1/2 mnonthts;
consequently, the crop growing season lasts from about 70 to 15C days. 

The goal of the dryland agricultural researcn program in 7hailand is to evolve techniques
for increasing and stabilizing crop production by increasing the rainfall utilization
efficiency. 77Te intro,hction of new cropping sYstemns and soil and water management
techniques is envisioned. 

A complete and agronomically relevant knowledge of climate is essential for developing
strategies for improved dryland agriculture. 7his includes information on the thne and 
amount of rainfall. An evaluation of the probability of rainfall and soil moisture
availability could help define the periods oj moisture sufficiency and stress during the cropgrowing period. 7he anount of runtf water available for recycling should be estimated.
Through pioper application of agroclinatological knowledge, an agroecological assessment
of selected areas for crop production could be made. Such knowledge would accelerate the 
process of technology developmet for rainfed crop production. 

Khon Kaen and Chiani Mai Universities have taken a keen interest in the quantification of
the climatic environment. Computer programs for Markov chain probabiliy, incomplete
Gamna distribution, soil moisture balance a'td crop weather modeling are available inboth of these universities. Khon Koen University has gone ahead with the analysis of
rainfall data of the Northeast region amid a publication on the subject is expected shortly. 

Introduction The Semiarid Tropics (SAT) are those regions of the world which 're geographically
°situated 23-1/2 north and south of the equator. These areas have mean annual

temperatures which exceed 18 'C. They are characterized by seasonal rainfall which mayextend from 2 to 4-1/2 months in the drier parts of the SAT and 4-1/2 to 7 months in thesomewhat wetter parts. Most of Northeast Thailand has a dry semiarid tropical climate.The annual temperature exceeds 33 'C and the main rainy season lasts from June to
September. Additionally, some rains are received in May and October. 

Although there is a more or less w2ll-defined rainy season in the SAT, the amount ofrainfall received and its frequency are highly variable. The coefficient of variability of
annual rainfall ranges from 20 to 30 percent. In practical terms this means that at alocation receiving an anraual average rainfall of 780 mm (e.g., Hyderabad, India), theamount of seasonal rainfall could vary between 400 and 1400 mm. The number of rainydays each year also varies considerably. Thus, in the SAT the moisture environment for crop production can be highly variable. There are periods of excessive rainfall interspersedwith periods of unpredictable droughts which often adversely affect the growth and yield
of crops. 

At the International Crops Research Institute for the Semiarid Tropics (ICRISAT)considerable thought has been given to the question of quantification of the moisture
environment of the semiarid tropics in relation to crop water requirements. Much work hasbeen done on the assessment of soil moisture adequacy for crop growth, the pattern of
rainfall, and the length and variability of the crop growing season. In this paper some
examples of our recent work relevant to Northeast Thailand are discussed. 
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Estimation of Moisture 
Adequacy for Crop 
Production 

Pattern of Rainfall 

Estimating moisture adequacy for crops is the first step in the characterization and 
assessment of a given area for dryland crop production. There are two methods that are 
generally used. For areas where the available rainfall records exceed 30 or 40 years, it is 
useful to follow the Hargreaves Moisture Availability Index method (Hargreaves, 1971). It 
involves estimation of the probabilities of monthly rainfall using incomplete Gamma 
statistics. The amount of rainfall expected at 75 percent probability is calculated. This is 
referred to as dependable precipitation or DP. The moisture availability index (MAI) is 
then assessed as follows: 

MAI = DP/PE, 

where PE is the average potential evapotranspiration. 

For cases where long-term rainfall records are not available, or where computer facilities 
are 	 not readily accessible, it is convenient to use the method of Troll (1965) to evaluate 
moisture adequacy. In this case, a month is designated as a humid month if the amount of 
rainfall received during the month is adequate for crop production. MAIs calculated by the 
methods of Hargreaves and Troll for two locations in Niger, West Africa are shown in 
Table 1. The locations, Maradi and Niamey, are 600 km apart but at approximately the 
same longitude. The average rainfall at Maradi is slihtly higher than at Niamey, but the 
potential evapotranspiration is somewhat lower. The data period for estimating DP, PE, 
and 	MAI for Niamey was 1943 to 1974, and for Maradi 1931 to 1974. 

The data (Table 1) shows that July and August are humid months at each location and 
constitute the core growing season for both locations. The Hargreaves MAI values range 
between 0.21 and 1.16 for Niamey, and 0.18 and 1.56 for Maradi, respectively. 
According to Hargreaves (1975), if the value of this index is in excess of 0.34, the 
moisture supply for the month is adequate for crop growth. Accordingly, both of these 
locations show moisture adequacy for dryland crop production for the months of July, 
August and September. According to Hargreaves' classification, the area is semiarid and is 
suitable for growing crops requiring about three to four months to mature. 

It is 	useful to determine MAIs for a large number of locations in a geographic area when 
delineating zones of varying moisture adequacy and assessing their suitability for growing 
crops of different durations. MAI related information could also be used for evaluating 
differences in climatic moisture balance in various months. For example, data in Table I 
show that at both locations, August has the most favorable moisture balance compared to 
other months. The results could also be used for interlocation comparisons. The MAI data 
for Maradi show higher values for all three rainy months than for Niamey (Table I). This 
means that, on tie average, the moisture environment for growing a 90- to 110-day crop 
at Maradi is super.:r relative to Niamey. 

Markov's chain analytic techniques have been used to estimate rainfall probabilities. A plot 
of initial and ,onditional rainfall probabilities, RIPE > 0.33, is shown in Figure 1 for 
Hyderabad, India. It is assumed that a probability level of 70 percent signifies an 
acceptabl, level of risk for dependable dryland production. Figure 1 shows: 

(a) 	 that he probability of occurrence of rainfall increases to above 70 percent in week 
No 25 (18-24 June) signifying the commencement of the cropping season; 

(b) 	 that the probabilities of rainfall exceed 70 percent for a period of about six weeks 
after the beginning of the cropping season; 

(c) 	 that a midseason break in the continuity of rains occurs in the month of August during 
four to six years of a ten-year period; and finally, 

(d) 	 that the rains subside abruptly during week No. 39 (24-30 September). 
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Table 1. Actual Rainfall, Dependable Precipitation (DP),
Potential Evapotranspiration (PE) and Moisture 
Availability Index at Niamey and Maradi, Niger. 

Characteristic Month Total 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

.................. ......... ID!
............ ... .......... .
 

Niamey (Lat. 13'29 'N, Long. 02010 'E) 
Rainfall 0 0 0 0 26 77 159 201 101 15 0 0 580 
DP 0 0 0 0 0 44 109 152 64 4 0 0 
PE 163 165 207 202 215 204 157 131 135 172 154 141 2046 

MAlt  - - 0.21 0.69 1.16 0.47 - 

Troll's lndex: D D D D ) D H H D D D D 

Maradi (Lat. 13028 'N, Long. 07025 ',) 
Rainfall 0 0 0 4 32 60 164 260 110 12 0 0 642 
DP 0 0 0 0 9 33 126 193 62 0 0 0 
PE 
 119 126 153 168 189 179 
 143 123 134 131 125 115 1704
 

MAI -  - - - 0.18 0.88 1.56 0.46 
Troll's Index D D D D D D H H D D D D 

t Moisture Availability Index after Hargreaves (1971). 
:Troll index of moisture adequacy. D-Dry month, in which average rainfall is less than the average PE;

H-Humid month, in which average rainfall exceeds PE. 

In summary, the probability data for Hyderabad exhibit a seasonality of rainfall. The rainy
season occurs from 18 June through 30 September with a fair chance of a midseason break
in August and the rainfall in July and September is relatively more dependable. This
information could be used for developing improved crop calendars and for the introduction 
and transfer of improved dryland agriculture technologies. 

52 



Elev. 545 mHyderabad 170 27' N 780 28' E 

100

80

60000 60- Initial- > I!! 

Z' ;, 'I il I 

- ,,<-Conditional . , 
(W, ) 

40-


iiiHV (w/o) .. 
-

I i I '
 I I I I I0 II202

0 5 10 15 20 25 30 35 40 45 50 

Weeks
 

Figure 1. initial and Conditional Rainfall Probabilities of RIPE >, 
0.33 at Hyderabad, India (After Virmani et al., 1982). 
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Soil and Water Management in a Farming Systems Project 

C. Alton 
U.S. AgencI filrInternationalDevelopment, Northeast Rai,'d
Agricultural Development Prject, 7ha Pra, Khon Koen, 
Thailand 

ABSTRACT The Northeast region of 'Thailanlshares ain of the soil and outercontstraintv bfound in other seiniaril countries. However, the con gurati)n of theseconstraints, in relation to the biological and soc'ioc'colloinic environtnen! in which rainfidfarmers make a living, is consideratbly ald.f'erent. iw institutional,vettiiug fromtechtolo, i.al .stutio)n, to theis, constraints arise is also unique. 
which 

The Northeast RainfidAgricultural Developiment (NERAD) Project iv one, sueh resonse. It uses the FarmingS.vstem,s Rc' r
m']ch and Er'ensioi 
assessnnlt, 

(FSRE) approach aIs a franelvorkfir interrdisciplinttryt vdecsign and itiplelmntalltiolil of activities to increase the productivity' and incOII/eof poor, sid)sistcnce'-t.*pc rainfi'd 4iiruiers. This is accomnplished b\'alleviation of theirconlstrlintlts, aitong Which are soil cind witer onlstrailts. Alnlty J)roject activitit'stndertket as t collaebortuve cfiwi inion 
ite 

.1iarltiers, researche'rs and ctc'tsiomt aglents.NERAD hay i tnc that tlh:.se constrailts call onl.Y e removed and productivity increasedwhnll finer.% are invulved in the te'chinolog.y development proces.. Reseatrchers must have(I chr lIt (li'i.tcldin, oJtlrtIln'rs"'r'source's, coglitive processes id /)rc'/erences we'ndeveloping tc'chnolo,,. to alleviate soil and water con.,traints. Research methodologies mlustalso be tppr priate for "laiinstitutions to carr'y out Iheir inissions with the human andJfiaiaicilresillrce. available. lie r'sultin, technolog\, will only worthwhile if it canassist the flrmner in obl ltining better control of his soil aind water 
,be 

resources and,conseqtn'nt y, achievini, greater j'rochuti 'it\,and well-bcin, especially from his own fo;int
of viewI.t' 

Introduction The Northeast region of Thailand experiences many of the constraints to soil and watermanagement and improved agricultural productivity found in other countries representedhere today. The configuration of these constraints in relation to the biological andsocioeconomic milieu in which rainfed farmers make a living, however, is considerablydifferent. Likewise, the institutional setting through which the Royal Thai Government(RTG) or. more specifically, the Ministry of Agriculture and Cooperatives (MOAC)develops and delivers techt.iogy to respond to these constraints is unique. The purpose ofthis paper is to share sonic of the experiences of one project in Northeast Thailand whichis making an effort to respond to the problems and needs of' rainfed farmers who areconfronted with serious soil and water constraints limiting agricultural productivity. 
Some of the main soil and water constraints confronted by Northeastern rainfed farmers 
are: 

Water In sonie years all the f'ollowing occur: 

- highly erratic rainfall patterns 
- drought during the rainy season 
- flooding. 

Soil The fbllowing contribute to infertility of the soil: 
- low organic matter 
- low nutrient levels 
- acidity 
- salinity. 
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NERAD: Northeast 	 The Northeast region of Thailand has among the poorest soils in Southeast Asia and highly 
Rainfed Agricultural 	 erratic rainfall patterns. Under optimum conditions, less than 20 percent of the arable land 
Development Project 	 can potentially be irrigated by conventional medium., or large-scale irrigation projects. 

Thus, it is no surprise that tile majority of the farmers in the Northeast are subsi;tence 
oriented, rainfed rice farmers-the poorest in the Kingdom. Their farming systems include: 
some field or vegetable crops in a fraction of paddy land before and/or after rice 
production: upland fields planted to cassava or kenaf: two or three head of cattle and 
buffalo along with a few chickens: fishing and hunting/gatheri!ig activities which 
supplement dhets and lifestyles; 	 sonC cottage industry: and off-farm employment. To 
address these conditions most of tfie technology developed by the national agricultural 
programs of MOAC have either been cotmmtodity or discipline oriented under the relatively 
protected cond itions of' the departmental experiment stations. In this tech nology 
development process the linkages between research and extension have also been very 
tenuous. 

The Northeast Rainfed Aigricultural l)evelopment (NHEAI)) Project is an effort. by MOAC 
to begin to address this gap in tile development and delivery of technology to Northea, 
rainfed subsistence farriers. Fhe purpose of the Project, as stated in the Loan and Graw, 
Agreemens, is "to develop in eight representative talnbons a ,'eplicable agricultural 
development program for increasing fIari production and inco ... particuI rly aniong 
lower income farmers in the raifl'el agricultural zones.'' The Project will establish 
adaptive agricultural research and extension prograns which are readily accessible and 
responsive to the needs of poor farmers. 

There are five interrelated thermes for implementing the Project: 

I) 	 Integration: aniong and within research and extension programs. 

2) 	 Technology development: a collaborative effort between friers, researchers and 
extension agents to adapt technology through on-Iarm trials and demonstrations-the 
FSRE approach in NERAI). 

3) 	 hinplenrtation: a plan to build On lessons learned rather than a blueprint in order to 
allow tile l1exi;ility t) responrd ill a tillll lnaniner to farmers' needs. 

4) 	 Top-down/bottom-up interaction: tile process of articulating rainfed farmers' problems 
and needs by means of tile tambon flanning process and matching MOAC's 
tcchnology and resources to those needs. 

5) 	 InstitutionalI development: enhancing tit capacity of the participating MOAC 
departments to deliver more effective ac ricnLuural research and extension services. 

In the NERAD strategy, the five themes focus on two points for development: 

- Farmers' capacity, both as individuals and its members of the community, to 
confidently and effec:tively manage their resources. This process begins with tambon 
planning and extends through the implementation of' the various activities. 

- MOAC departments' capacity to develop problem-solving, adaptive research and 
extension programs, and to develop arid deliver appropriate arid relevant technologies 
which are responsive to rairifed farmers' needs arid are readily accessible to the 
farmers. 

Farming Systems Research 	 The Farming Systems Research and Extension (FSRE) approach is used in NERAD to link 
and Extension Approach 	 the agricultural research and etension services to the needs of the farii/village systeri. 

FSRE attributes I central role to the farmer, his problems, needs and resources. Farmers 
seek self-reliance. From their perspective, their understanding of the environment and 
resources have resulted in reasonable choices of farrming activities and practices. Farmers 
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Lessons Learned About 

Soil/Water Management 


will alter ihis mix of activities only when they see that technical innovations have
significant advantages over the practices which are to be replaced. They make thesedecisions within the context of their overall family/farm/village resources and their other 
on- and off-farm opporiunities. Technical innovations are more likely to be adopted bythese peasant farmers when they are mixed and matched in step-wise fashion rather than inpackages. To build unders:anding. farmer participation in technology development isencouraged through on-farm trials and demonstrations. Any resulting innovations will be 
more attractive to other farmers, thus facilitating their possible later adoption. 

This integrated FSRE approach requires concerted, coordinated interdisciplinary efforts to
help solve the farmer's problems. This reflects the perspective of the farmers who seetheir problems within the context of their whole farm system. A systems approach isrequired to help solve systems problems. This means cxamining physical, biological and

.cioeconomic interact'ons, a task for which no single discipline is fully adequate. 

Another characteristic of the FSRE approach is the strengthening of linkages between
research done on tileexperiment stations and extension. The technology generated by thevarious experiment stations is tested in a real farm setting in a collaborative effort among
farmer, researcher and extension agents. Extension's active participation is essential in

order to better understand and disseminate the new technology.
 

Finally, the FSRE approach comilemnents and supplements the traditional disciplinary
commodity approachs of the departments. The technology used in FSRE usually is 

and 

initiated in regular research programs. On-farm testing and feedback from a systems
perspective are essential for a more effective technology development and delivery process. 

The lessons learned about specific technologies will not be discussed here. Those havebeen covered by Craig (1985) and Ragland (1985). Instead, the lessons here will refer
 
more to techniques of how to approach the problem 
 from the two perspectives mentioned
 
above: the farm/village system and the government system.
 

NERAD's use of the FSRE approach as a framework to contribute to the solution of the

Northeast rainfed farmer's problems is extremely useful in the 
area of soil and watermanagement. NERAD is making an effort to improve MOAC's agricultural programs in
adapting technologies to local conditions. Interdisciplinary methodologies, mechanisms and
techniques have been generated and tested to better assess farmers' problems and needs
 
and to marshal the proper resources for their solution.
 

Farm/Village System 

It is almost trite to mention the importance of understanding the farmer's existing systemof resource and technology use before we catl begin to assist him with more productive,
sustainable and equitable technological innovations. But many agricultural development
programs, projects and activities are planned and implemented with only a cursoryknowledge of the existing system. One mechanism which NERAD has used to increase
this understanding is the Rapid Assessment Technique (RAT) Team. It is an
interdisciplinary effort to better describe and analyze the farmer's existing cropping
systems, his constraints and problems, and his decision-making processes. 

From RAT and other experiences NERAD has learned some of the following items about
the Northeast rainfed farmer's current circumstances: 

The farmer's soil and water constraints are only a subset of his total constraints,
which include economic (e.g., policy, markets and credit), biological (e.g., varieties,
pests and diseases) and social (e.g., inappropriate innovations and insensitive 
dissemination techniques) constraints; 
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- The farmer is an opportunity recognizing decision-maker, that is, reasonable but 
cautious in his learning and decision-making processes. This means that change is 
usually weighed carefully; 

- The farmer is subsistence oriented, espccially with rice production, meaning that his 
needs come first: 

- The farmer is averse to risk in his decision-making, considering rainfall variability, 
uncertain markets, unsure (in his mind) new technologies, etc.: and 

Contrary to popular opinion, the opportunity costs for family labor on-farm are not 
zero, which also implies s;easonal labor constraints for on-farm activities. 

Northeast rainfed farmers havc evolved strategies over time ti cope with soil and water 
constraints. NERAD has tried to understand these strategies and build upon them to assist 
the farmer in improving his well-being. Any proposed interventions must take into account 
all of the farmer's constrairis, in addition to soil/water constraints, and the various 
attributes which characterize his cognitive (learning and decision-making) processes. Thus, 
any proposed technical solutions to these constraints are tested with the farmer as a 
partner, in order to elicit his input into the technology development process which will 
then hopelfilly facilitate ultimate dissemination )I' the final product to other i'ainfcd 
farmers. 

The following are some existing farmer strategies and project technological responses 
designed to alleviate soil/water constraints: 

Constraints Strategies Technologies 

Erratic rainfall - Land preparation - Continued testing 
(Surin technique) (Surin technique) 

- Short maturing upland - Continued testing with 
varieties new varieties before and 

- Mixture of photoperiod after 
sensitive varieties - Testing planting dates 

- Mul- hing of high value - Shallow and modified 
crop., shallow wells 

- Compensatory system - Diversion weirs 
- Submerged darns 

Drought - Larger rice bunds - Shallow and modified 
- Drought resistant shallow wells 

varieties - Diversion weirs 
- Off-farm cmploymncot -- Land shaping 

- No tillage 

Flood - Flood 'olerant - Diversion dikes 
rice varieties - Improved upland use 

- Use of very marginal 
upland 

Organic matter - Limited composting - Extensive compost 
- Prerice and postrice introduction 

crops - Green manuring 
(cowpeas and swordbeans) 
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Nutrient levels - Limited fertilization - Fertility trials 
- Prerice and postrice 

crops 

Acidity - Inundating paddies - Liming trials 
- Tolerant varieties 
- Animal manure 

Salinity - Mildly tolerant 
varieties 

- Salt harvest 
- Water control 

The cropping systems technologies proposed by the Project are based on the hirmers'existing systems. Researchers and extension agents examine the proposed changes togetherwith farmers and arrive at a consensus on problem definition and possible solutions fromboth practical and technical perspectives. From the volunteers, participant farmers are thenselected to undertake the ensuing cropping systems trials with researcher and extension
collaboration. Cropping patterns and component technologies are tested and refined.Recently. these cropping technologies have been triaged, that is, sorted into those whichneed more on-farm testing: are presently inappropriate for farmers and need moreexperiment station testing; are ready to be demonstrated or disseminated by extension; andfor which a search may be retquired to identify those technologies tha, are not presentlyreleased from experiment stations but seem to hold some potential for on-farm testing.Other technologies such as land shaping, shallow wells, submerged darns, etc., triedand attempts are made to evaluate and improve upon them based on 

are 
farmer feedback. 

Government System 

Perhaps the biggest challenge for an institution-building project is the marshalling ofcommon understandings and resources among implementing agencies to attack the technicalproblems identified. This is especially difficult when multiple agencies are involved, as isthe case with NERAD, which iavolves nine implementing departments. When a newperspective such as FSRE is taken, difficulties in implementation are only compounded. 

NERAD has experienced instititional difficulties in undertaking on-farm testing of many ofits proposed technologic; to improve production. Some of these constraints to using asystems perspective, as it r,-lates to soil, water and plant relationships, are: anunderstanding of farmers' existing systems, accessing proper personnel for field testing andsocioeconomic analysis of proposed technologies. Since the systems perspective isrelatively new in Thailand, the understanding of the farmer's indigenous knowledge andbehavior is very narrowly viewed from a disciplinary or commodity perspective.Interdisciplinary research among physical, biological and social scientists is needed tobetter understand farmers' existing soil and water management practices before they can
begin to suggest potential technologies for testing and adoption. 

When the time comes for field testing, appropriate personnel are not readily available toassist in the trials. For example, there has been difficulty in getting qualified soilphysicists and chemists since they were located within another subagency or in the capitolcity. Hence, soil/water problems have not been adequately addressed. 
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Once technologies have been field tested there is too little analysis from a systems 
perspective. The physical and biological interactions of the tested technology are not only 
glossed over, but the socioeconomic interactions are almost completely overlooked. This is 
in part due to the personnel accessing problem previously mentioned, and in part (lue to 
questionable methodologies. 

Summary and Conclusions 	 The real challenge in the alleviation of the soil! and water constraints in the farmers' 
cropping systems in Northeast Thailand is to assist in the development of technologies 
which will allow farmers better control of their land (soil) and water resources for 
increased production and well-being. Interdisciplinary research methodologies are needed 
which take into account farmers' resources, knowledge bases and preferences when 
developing these technologies. These research methodologies must also be appropriate for 
Thai institutions to execute with the human and financial resources that are available. 

Again, we can assist the farmer with better information and decision-making so he can 
control and manage his soil and water resources more effectively. 
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Rainfall Analysis for Rainfed Cropping Systems in 
Northern Thailand 

M. Ekasingh, S. Buranaviriyakul and S. Sukasern 
Chiang Mai University, Chiang Mai, 77tailand 

ABSTRACT. Daily rainfall records at selected stations in Northern 77tailand were analyzedto facilitate cropping systems research atntd development for rainfed agriculture. Thevariability of raifillpatterns reflects the differences in the dates of successful onset ofrain for crop prohiction. The dates marking the end of the growing season at differentlocations are iffected both by rainfall characteristics at the end of ntonsoon attd availablesoil water. Variations in the length of the potential growing season and dry seasonpatterns at various locations suggest that difierent cropping patterns and management
strategies must be considered for efficient rise o;f soil and water resources in the Norther' 
region. 

Research and development programs in rainfed areas must focus on developing technology
that increases crop productivity while promoting the stability and ,uitainability of existingagricultural systems. To achieve this goal, the environments in which proposed programswill be implemented must be characterized prior to the design of cropping systems andmanagement strategies that are in concert with both the physical and socioeconomic
 
environments.
 

In the semiarid tropics, spatial and temporal variations of rainfall are common features thatcontribute greatly to variable and unstable crop production under rainfed conditions.
Northern Thailand is no exception since a large percentage of the cultivated la.ds dependsolely on rainfall as a source of water for crop production. The importance of rainfall

analysis for characterizing the potentials and constraints 
 related to soil management and
 
crop production is widely recognized by researchers at international agricultural research
centers, ranging from dry areas at ICARDA (Dennett ct al., 1983) and semiarid tropics atICRISAT (Virmani et al., 1978) to subhumid tropics at IRRi (Morris and Ruumbaoe,
1980). Earlier attempts have been made to utilize rainfall and climatic data for
agroclimatological zoning in Thailand by estimating the monthly moisture available index(Panichapong and Hemsrichart, 1982). This technique is useful for characterizing physical
resources for agricultural planning at the macro level. However, for planning of thesowing dates for crops at specific locations, the weekly or daily rainfall analyses would be 
more appropriate. This approach was used in the study described herein. 

Daily rainfall data for synoptic weather stations in Northern Thailand provided by the

Meteorological Department were reorganized and stored on 5-1/4-inch diskettes for use
with a microcomputer running on a CP/M-80 operating system. They can be easily

-?dated in the future when 
more data are avaiiable. The sites of these stations are shown
 
t Figure 1.
 

'rhree characteristics related to rainfall, namely, the duration of the dry period, dates atwhich rain began and the end of the growing season, were analyzed, and the growingseason was estimated using the technique of Stern et al. (1982) with a slight modification 
to suit the conditions of Northern Thailand. 

For analysis of the start of rain, the threshold value for differentiating wet and dry dayswas defined. Days having less than I mim of rainfall were considered to be dry days. This
small amount of rainfall is subject to measurement errors and is not considered to be ofsignificant benefit to crops. The probability of dry periods occurring at Chiang Rai and 
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Figure 1. The Sites of Rainfall Stations in Northern Thailand
 
Where Daily Rainfall Records are Analyzed.
 

Phrae for at least five, seven and ten days within a 30-day period from April to October 
was calculated and is shown in Figures 2 and 3. 

The estimation of' the start of rain is achieved by examining the plots of dry periods 
obtained above. The date after which a dry spell of ten lays or more occurred within the 
following 30 days, with a probability of 0.2 or less, is used as the beginning date for 
marking the successful start of rain. The first occurrence of 20 mm of rain over two 
consecutive days, without a dry spell of ten or more days during the following 30 days, is 
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Figure 2. 	 Probability of Dry Spells of at Least Five, Seven and
Ten Days Occurring at Chiang Rai in the 30 Days
Following Each Date. 
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Figure 3. 	Probability of Dry Periods of at Least Five, Seven and
Ten Days Occurring at Phrae in the 30 Days Following 
Each Date. 
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used as the date of the successful start of rain for each year. This criterion is considered 
to be adequate for marking the start of rain for sowing field crops (Stern, 1982). 
Cumulative probabilities of the starting dates of rain are then calculated. 

The median dates for the start of rain (Table 1) range from 5 May at Chiang Rai to 
23 May at Tak. The start of rain at Tak is delayed until 4 June at the 80 percent 
probability level. The start of rain in Table 1 is estimated by using 20 mm of rain within 
two consecutive days as the criterion. If 50 mm of rain over three consecutive days, 
without a ten-day dry spell in the following 39 days, is used as a criterion, the onset of 
the successful start of rain will be different. Morris and,Ruumbaoe (1980) suggested that 50 
mm of rain over three consecutive days can be used satisfactorily to determine the date for 
dryseeding of lowland rice under iainfed conditions. 

Table 1. 	Distribution of the Start of Rain at Selected Stations in 
Northern Thailand Based on the Onset Criterion of 20 
mm of Rain in Two Consecutive Days. 

Station Probability Level-% 	 Standard 
Deviation 

20 	 50 80 

.................. date .................. d ays
 

Chiang Rai 26 Apr 5 May 15 May 12 

Mae Hong Son 4 May 11 May 18 May 7 

Chiang Mai 2 May 10 May 18 May 10 

Nan 30 Apr 5 May II May 7 

Lampang 4 May 12 May 20 May 9 

Mae Sariang 4 May 11 May 18 May 8 

Phrae 3 May 12 May 21 May 11 

Uttaradit 6 May 14 May 22 May 10 

Tak 11 May 23 May 4 Jun 15 

Phitsanulok 7 May 13 May 19 May 8 

Mac Sot 16 May 22 May 28 May 7 

Phetchabun 3 May 12 May 21 May 11 
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Based on this criterion, the cumulative probability of dates at which rain will start isshown in Figure 4 for Chiang Mai. When the criterion changes from 20 n.,i of rain overtwo days to 50 mm of rain over 30 days at the 80 percent probability level, the start ofrain shifts from 18 May to 2 June at this statien. Similar delays occur at every station 
analyzed but the data are not shown. 

End of the Growing The simple 	daily watei balance (Stern et al., 1982)Season 	 is used to mark the end of the growingseason. This is definer] as the first date on which available water drops to zero. The date
is recorded for each year and the cumulative probability of the end of the growing season
is computed. In this analysis, two levels of available water capacity (AWC) of soils,and 200 mam, have been used to evaluate the effects of AWC 

100 
on the end 	of tile growingseason. An example 	of a plot of cumulative probability of the end of the growing season

for Chiang 	Rai is shown in Figure 5. 
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Figure 4. 	Cumulative Probability of the Starting Date of Rainfall 
at Chiang Mai Using the Criteria of 20 mm Over Two
Consecutive Days and 50 mm Over Three Consecutive 
Days. 
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Figure 5. 	 Cumulative Probability of Ending Date of Growing
 
Season at Chi-a.g Rai for Soil with an Available Water
 
Capacity of 100 and 200 min.
 

The distribution of the estimated date of the end of the growing season (Table 2) shows 
variations among stations for the available water capacity of a particular soil. The median 
date for this parameter ranged from 10 November at Phrae to 6 December at Chiang Rai. 
Rainfall characteristics at the end of the monsoon contribute significantly to this difference. 

The values in Table 3 are 'he estimated initial and conditional probabilities of weekly 
rainfall of at least 10 mm calculated by a first order Markov chain model described by 
Virmani (1978). The results show higher initial and conditional probabilities and mean 
amounts of rainfall at Chiang Rai than at Phrae in most weeks from October to the end of 
December. Th,. .'ccurrence of rain during this period recharges soil profiles, maintains 
availability of soil water and prolongs the end of the growing season. 

The AWC of the soil affects the end of growing season differently at the various stations. 
In this analysis, an increase in AWC from 100 to 200 mm causes the median end of the 
growing season to be extended from 6 December to 26 January at Chiang Rai, and from 
10 November to 15 December at Phrae. The soils with higher AWC can store water to a 
greater depth and benefit from the wetter years, while shallow soils or soils with low 
AWC receive relatively little benefit from the occurrence of rain at the end of the 
monsoon. 
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Table 2. 	Distribution of the Estimated Date of the End of the
 
Growing Season on Soils with 100 and 200 mm of

Available Water Capacity (AWC) at Selected Stations in
 
Northern Thailand.
 

Station AWC 

100 inin 200 mm 

Probability level % Probability level % 

20 50 80 2C 	 50 

. . . . . . .. ................... date..................
 

Chiang Rai 16 Nt 25 D
6 D 	 6 J 26 J 17 F 

Mae Hong Son 11 N 24 N 8 D 26 D 11 1 28 J 

Chiang Mai 15 N 5 D I1 12 F25 D 21 J 


Nan 
 300 12 N 26 N 8 D 26 D 17 J 

Lampang 15 N 26 N 8 D 23 D 6 J 21 J 

Mae Sariang 12 N 26 N 10 D 11 124 D 29 J 

Phrae 280 ION 23 N 3 D 15 D 28 D 

Uttaradit 2 N 14 N 27 N 6 D 19 D 3 J 

Tak 18 N 2 D 16 D 23 D 7 J 21 J 

Phitsanulok 7 N 21 N 5 D 13 D 27 D 12 J 

Mae Sot 5 N 16 N 28 N 10 D 22 D 43 

Phetchabun 31 0 	 10 N 21 N 2 D 12 D 22 D 

t 0, N, D, J and F abt-reviate months from October to February. 

The correlation coefficients for the starting and ending dates of rain were calculated andfound to be nonsignificant with coefficients of less than 0.2 for all stations analyzed.Therefore, independence between the starting and ending dates of rain is assumed. 

80 
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Table 3. 	Initial (W)and Conditional (W/W; W/D) Probabilities of 
Rainfall (%) for Amounts > 10 mm at Chiang Rai and 
Phrae During the Weeks of October through December. 

Period Chiang Rai 	 Phrae 

W 	 W/Wt W/Dt Mean W W/W W/D Mean 

......... % ......... m m .......... % .......... in n
 

Oct 	 01-07 67 55 50 38.0 62 50 46 23.6 

08-14 53 56 36 29.6 48 64 33 19.5 

15-21 47 71 63 17.7 48 43 53 15.3 

22-28 67 40 40 40.3 48 7 27 23.0 

29-04 40 25 28 15.3 17 20 8 6.2 

Nov 	 05-11 27 25 9 11.6 10 0 4 3.9 

12-18 13 0 15 6.9 3 0 7 3.7 

19-25 13 50 12 5.4 7 50 0 1.7 

26-02 17 20 8 7.0 3 0 0 1.3 

Dec 	 03-09 10 33 15 4.1 0 0 7 0.3 

10-16 17 20 16 8.1 7 0 0 1.2 

17-23 17 0 16 5.2 0 0 0 0.3 

24-31 13 50 8 3.0 0 0 0 0.5 

f W/W is the probability of this week being wet, given the pt.,vious week was wet. 
t W/D is the prebability of this week being wet, given the previous week was dry. 

Potential 	Growing Season For each year of record, the length of the potential growing season can be computed as 
the period between the start of rain and the end of the growing season. The mean length 
of the growing season and the associated standard deviation for each station analyzed are 
shown in Table 4. 
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Table 4. Mean Length of Growing Season in Days for Soils with
Two Different Available Water Capacities (AWC) at
Selected Stations in Northern Thailand.
 

Station Annual 
 Mean Growing Season 
Rainfall 

AWC 

100 nini 200 mm 

M M ............ days ............
 

Chiang Rat 1800 216 ± 26 267 ± 26 

Mae Hong Son 1280 200 ± 21 249 ± 19 

Chiang Mai 1260 210 ± 25 256 ± 26 

Nan 1310 193 ± 18 237 ± 23
 

Lampang 1070 194 ± 27 
 234 ± 44 

Mae Sariang 1220 201 ± 17 246 ± 22 

Phrae 1100 183 ± 17 218 ± 15 

Uttaradit 1450 186 + 15 221 + 17 

Tak 1050 194 ± 22 
 229 ± 22
 

Phitsanulok 1360 192 + 15 229 + 17 

Mae Sot 1470 179 + 16 215 + 17 

Petchabun 1150 184 ± 16 215 + 16 

The results show variations in the mean potential growing season, both within and anv)ng
stations, and suggests that there are potentials for and constraints to increased cropping
intensity and production in those areas. For soils with an AWC of 200 mm at Chiang Rai,
the probability of growing a second crop successfully is 80 percent if the crop is harvested
before 6 January (Table 2), The probability of success will be reduced to five out of ten 
years if the second crop reaches maturity after 26 January. However not every crop can
be grown successfully during the cool months of December and January in Northern
Thailand even if ,vailable water is not seriously limited. Wheat is one of the postrainy 
season crops that is planted after corn during the last week of October and harvested 
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during the first week of February. It is grown successfully on the Ban Chong soil series 
with an AWC of 260 mm and more than 100 cm rooting depth (Norman, 1982). In soils 
with lower AWC (e.g., 100 ram), a shorter duration crop such as mung bean can be 
successfully grown in the postrainy season. 

In Phrae where the mean growing season is relatively short and the soils have a relatively 
low AWC, i.e., 100 mim, the probability of having adequate available water for a growing 
crop is 80 percent if harvest occurs before 28 October (Table 2). In this situation, 
cropping systems that utilize two three-month crops in sequence will involve high risk due 
to a lack of available soil water at the end of the rainy season. Rainfall analysis at Phrae 
also reveals the probability of a dry spell of at least seven days occurring between 
mid-June and mid-July in five out of ten years (Figure 3). The necd for developing 
strategies to avoid severe stress during this period is obvious. Some of the potentially 
useful soil and crop management techniques are discussed by Virmani (1983) and Taylor et 
al. (1983). The probability of a dry spell of the same duration at Chiang Rai is 
significantly less than at Phrae (Figure 2). 

High mean annual rainfall does i,,i always extend the mean growing season (Table 4). 
Mae Sot, for example, has a mean annual rainfall of 1470 mm which allows for 184 days 
of mean growing season in soils having 100 mm AWC. However, at Chiang Mai where 
the mean annual rainfall is 1260 mm, a mean growing season of 210 days has been 
estimated for soils with the same AWC. Heavier rainfall at Mae Sot from mid-July to the 
end of August (data not shown) results in runoff and deep percolation and does not 
contribute to increased storage of available water during the postrainy period. The low 
probability of long dry spells at Mae Sot means that late varieties of crops can be grown 
to utilize the full growing season with minimum risk of severe stress. Relay cropping of 
soybean beween rows of corn is another strategy that farmers in this area practice in 
order to maximize the use of stored soil water. It is critical to develop strategies for 
managing cropping systems under rainfed conditions. 

Summary 	 Daily rainfall records of selected stations in Northern Thailand were analyzed to provide 
information necessary for identifying potentials and constraints of physical environments 
that affect cropping systems research and develpient under rainfed conditions. Variation 
in the starting and ending dates of rain, coupled with heterogeneous properties of soil in 
storing maximum available water to plants, produces a range of potential growing seasons 
among the stations analyzed. The design of crops and cropping systems must take this into 
consideration to avoid spending unnecessary efforts and risk. This general analysis can be 
considered the initial step in a systematic approach toward developing cropping systems 
and related technology for rainfed conditions in Northern Thailand. 

Additional research is required 	to fine-tune the knowledge on soil, water and the plant 
environment before more accurate predictions can be made. Studies of water storage and 
movement as afiected by properties of major soil types in Northern Thailand are essential. 
More informat-,n is needed on 	rooting depths and density of major crop varieties in the 
medium to deep soils of the region. Studies on water use by different cropping systems are 
essential to effectively design optimal cropping systems and strategies under different 
rainfall and soil water regimes. Crop improvement programs should be directed toward 
varieties that can adapt well to postrainy season conditions when water and temperature 
are suboptimal. Dry periods that occur during the rainy season are of particular concern. 
Soil, water and crop management techniques that can avoid or minimize the severe stress 
conditions during these periods will result in a more stable agricultural system. Finally, it 
should be emphasized that the above activities require a systematic approach for 
interdisciplinary efforts and cooperation among the researchers and various organizations 
involved. 
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I.A. Craig 
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Development Project, Tha Pra, Khon Kaen, 7iland 

ABSTRACT. The goals, objectives and implementation strategy of the cropping systems 
component of the Northeast Rainfed Agricultural Development (NERAD) Project are 
described with emphasis on the "Farming Systems Research and Extension " approach 
adopted by the Project. lTe agroecological and socioeconomic conditions in the trial sites 
are described arid an assessment of the major crop production problems and constraints 
facing the firmers is made. 7The results of the cropping systems and component technology 
trials are surnnarizedarid the extent to which the' met their stated objectives is discussed. 

Some traditional croppinl'g systenrs designed through an evolttionary process by tire farmers 
themselves for optinal managenent of soils, water and crops are described. These farmer 
strategies are then related to tire cropping system trials conducted by NERAD in an 
attempt to explain tire successes and failures in the Project's cropping trials program. 
Finally, tire major soil and water management problems facing tire cropping systems 
component of tire project are stmurarized. 

Introduction 	 The Northeast Rainfed Agricultural Development (NERAD) Project is developing a 
Farming Systems Research and Extension (FSRE) approach appropriate for agricultural 
development in Northeast Thailand. FSRE has different meanings to different people, but 
as far as the cropping systems component of NERAD is concerned, the major elements of 
such an approach are (Patanothai, 1984): 

Integrated: 

Farmer 

Research 	 Extension 

1) 	 An FSRE approach is an integrated effort by research and extension personnel who 
should be jointly involved during all phases of the work. 
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Holistic: 

Rice 

Field Crops 	 Livestock 

Fish 	 Off-farm 

Hunting 

2) 	 FSRE is a holistic approach which should consider all important interactions within 
the farm-family system. 

Interdisciplinary: 

Soils 

Agronomy 	 Climatology 

(Problem) 

Economics 	 Sociology 

Plant 
Protection 

3) 	 FSRE work should be conducted in an interdisciplinary manner that cuts across 
departmental and divisional boundaries. It does not replace specific, single discipline
research, however, but should complement it, especially in the area of assisting in the 
definition of research priorities. 
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On-farm: 

Technology 	 lem 

4) 	 It focuses at the farm level and should include on-farm trials and resenrch where
 
relevant to gain a better understanding of real problems and of the performance of
 
new technologies under actual farm conditions. The farmer should be considered a
 
partner in this phase of the research and should be actively involved throughout.
 

Bottom-up: 

Policy 	 Policy 

Research 	 Research 

Traditional 	 FSRE1. 	 4W 
Extension 	 Extension 

Farmer 	 Farmer 

5) 	 It has a stronger bottom-up orientation than the traditional technology-based approach 
to development and thus requires a greater delegation of responsibility to junior 
scientists and technicians. 

Earlier papers in this workshop have stressed a number of key characteristics of 
agriculture in the Northeast that have important implications for cropping systems 
development programs in the region. Some consideration of how tl. se implications are 
translated into strategic and tactical responses within NERAD's cropping systems 
component will be made here. 
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Farmer Strategies 

First, it has been stressed that the subsistence rice crop is the key to cropping systems
development in the Northeast. If improvements can be made to the rice crop, then
constraints will be removed enabling farmers to diversify their cropping activities.Conversely, any cropping system technology which interferes with the subsistence rice 
crop is unlikely to be successful (Craig and Pisone, 1985). Most of the major advances inrice-based cropping systems development throughout the world have come through the

introduction of new rice varieties. 
 In most cases, these have been short duraion,
nonphotoperiod sensitive varieties enabling planting of rice to be adjusted for timely
planting of prerice or postrice crops (Dalrymple, 1971; Carangal, 1977). In rainfed
 
environments such as 
 the Northeast, however, the use of photoperiod sensitive rice is

essential to ensure a crop. Thus, this type of breakthrough is unlikely. NERAD's focus
has been moving more towards component technology work on rice itself and exploring

the potential for stabilizing and increasing rice yields by selective prerice and postrice
 
crops. 

Second, it would appear that Northeastern farmers are highly skilled and their traditionalpractices are already well-tuned to local agroecological conditions (KKU, 1982a). The

implication here is that rapid, revolutionary breakthroughs in cropping systems

development are unlikely. NERAD has attempted to make small improvements to thefarmers' traditional practices in each locality based on the farmers' problems and has taken 
account of the constraints facing them. 

Many papers have stressed the extreme variability of agroecological and economic
conditions over both time anO space in the Northeast (KKU, 1982b). It is, therefore,
unlikely that cropping syste: ., can be developed which will give optimal returns every

year or will be suitable for the entire region. Rather, the approach should attempt to
identify for .ach specific location a series of low-risk, robust technologies which give atleast adequate returns for all years. These technologies will have to be low-cost and

purchased input levels should be adjusted towards risk minimization rather than yield

mirximization.
 

Finally, most of the cropping systems development in the world to date has been inirrigated areas and has been a result of increased cropping intensity (Andrews and Kassam,
1976; Anon., 1975; Dalrymple, 1971). There is always the danger, however, ofoveremphasizing cropping intensification as the major objective of this work especially inrainfed areas where the potential for more than one crop per year is extremely limited.
Previous papers have clearly shown that although there is potential for multiple cropping

in some situations in the Northeast, 
 many of the current problems with the traditional 
monocrop systems warrant higher research priority than cropping intensification. It isanticipated that NERAD's cropping systems work in the future will focus more on tacklingthese problems than attempting to increase cropping intensity per se. Hopefully, the results
of this workshop will give the project some guidelines on how this may be done as regards
soil/water rrinagement problems. 

It would appear that the majority of the traditional cropping systems in the Northeast are
exploitive in nature and the farmers' strategy is essentially one of mining the natural soil
fertility established when the land was under forest-cover (Ragland et al., 1983).
Purchased fertilizer in the rice crop is zero or minimal and the predominant upland
systems of kenaf or cassava also generally receive no fertilizer. A review of the soil
fertility levels for four principal villages, shown in Figure 1, gives some idea of how long
this exploitation process has been going on in each province. 
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Figure 1. 	Combined Soil Analysis Data for NERAD Principal 
Villages, 1983. 

In Roi Et, where the land has been cultivated for the longest time and where soil fertility 
levels are the lowest, cropping intensity (Figure 2) is surprisingly the highest among all 
the villages. This is due to a locally evolved strategy for dealing with declining nutrient 
levels and decreasing rice yields. Farmers commonly plant watermelon after rice, not with 
the primary objective of earning cash but more as a means of stabilizing rice yields. 
Manure and fertilizer are applied to the watermelon plots resulting in residual fertility. The 
plots are rotated between fields from year to year in order to spread the benefit over all 
the paddy land. 
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Figure 2. 	Crepping Intensity Indices for NERAD Principal 
Villages, 1983. 
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In Srisaket where fertility levels have also declined markedly, the strategy appears to be to 
!rpend more money on fertilizer applied directly to the rice crop (Figure 3). This has 
probably been made possible by the higher proportion of the rice harvest which is sold,
thus generating cash to purcase the fertilizer (Figure 4). 
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Figure 3. 	Money Spent on Fertilizer Applied to Rice for the 
NERAD Principal Villages, 1983. 
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Figure 4. 	Percent of Rice Harvest Sold in the NERAD Principal 
Villages, 1983. 

In Chaiyaphum and Nakon Phanom, where the land has been cropped for a shorter period,
soil nutrients have not yet declined to such low levels and farmers are following the 
strategy of mining soil nutrients with continuous low-input monocropping. Figure 5 
indicates that all three strategies produce approximately equivalent rice yields. However, 
the dominant strategy in Chaiyaphum and Nakon Phanom of mining natural fertility is not 
sustainable 	in the long term. 
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Figure 5. 	Me...., Rice Yields-Farmer Estimates (kg/rai) for 
NERAD Principal Villages, 1983. 

Farmers also have various strategies for dealing with the uncertainty of rainfdll in the 
region. For these include: use of photosensitive rice varieties; small, bunded fields; 
rice-storage; L,d by following what can best be termed compensatory cropping strategies. 
A good example of the latter comes from Roi Et where farmers plant kenaf in the naddy 
before rice. In dry years the kenaf produces higher yields because waterlogging problems 
are reduced and the kenaf can 	be left in the field longer since rice transplanting is either 
not 	possible or is delayed by lack of rain. Thus, there is some compensation for reduced 
rice yields 	in dry years by higher cash earnings from kenaf. 

Results 	 NERAD has been running cropping system trials for two years in farmers' fields in nine 
tambons in four changwats in Northeast Thailand. Two sets of trials have been conducted. 
First, cropping intensification trials have been conducted over the entire tambon following
DOA-recommended practices for planting dates, fertilizer rates, etc. The second set of 
trials were conducted in only one principal village per tambon and were designed to solve 
current farmer problems identified during an interdisciplinary needs assessment conducted 
in each village. A summary of the results of last year's trials arc presented in the 
Appendix. 

At most, 100 trials, generally replicated over five farmers, were conducted with varying 
degrees of success. Available resources, however, were overextended, causing problems of 
inadequate 	data on which to base decisions for improving the systems. This made it 
difficult to prioritize the trials and to concentrate efforts on the technologies with the 
highest potential for benefiting 	farmers in each tambon. 

A technical workshop was held to review the results of all the trials conducted and to 
classify the technologies into three categories: 

1) 	 Successful technologies which are considered suitable for expansion through extension 
demons trations. 

2) 	 Promising technologies which still require further testing or modification by 
component technology research. 

3) 	 T ,chnologies which under present or expected conditions are unlikely to significantly 
benefit farmers. 
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As a result of this triage process, technologies assigned to category I will be demonstrated
in an extension phase by DOAE with technical support from DOA. Those trials classified 
as category 3 will be discontinued or passed back to the research stations but regularly
reviewed to determine if technological advances or economic circumstances have changed
sufficiently to warrant farther testing. The project's cropping system trials program will 
concentrate on category 2 with an intensive series of on-farm trials including
superimposed, component technology work to solve the remaining problems and develop
the systems until they are ready for the extension phase. The overall oroppir.6 systems

strategy will be implemented according to the system summarized in Figure 6.
 

Instead of reviewing the results of all tile tr;.Als, some examples will be chosen to illustrate
the triage process, to demonstrate the importance of understanding traditional cropping
strategies and to assess the potential for cropping systems development in the Northeast.
 
These examples are presented in Tables 1, 2 and 3.
 

A green manure trial was implemented in Srisaket to address the problems of low soil

fertility and the high cost and associated risk of applying fertilizer to rice. Both the
 
objectives of increasing rice yield and reducing fertilizer requirements were met by the
trials. Although yield increases were only moderate, the farmers' response was extremely
enthusiastic and the technology is already being rapidly adopted in the area. It is believed
that the reason for this is that it satisfies the farmers' rice yield stabilization objective and
does so in a low-cost, low-risk manner. A Cuban kenaf crop before rice as an improved
compensatory system for fluctuating rice production is also consideced ready for extension
for similar reasons. At present prices, a net return of 747 Baht/rai from kenaf is
 
equivalent to over 350 kg/rai rice, which is an acceptable yield level.
 

Yield and return from direct-sown rice and sesame before rice technologies were rather
variable and well below potential. Still, they represent viable compensatory and income
 
stabilization strategies with considerable potential for meeting these objectives in their

respective areas. For this reason, they will receive high priority for further on-farm
 
component technology trials to overcome 
 the remaining problems. For direct-sown rice,
research will include developing better plant spacing to facilitate weed:ng, herbicide trials

and planting date trials. For sesame, 
the component technology work will be concentrated
 
on planting date trials in an attempt to avoid waterlogging and drought.
 

Although net returns a sweetfrom corn crop before rice were acceptable, this trial was
based on the erroneous assumption that farmers wish to increase cropping intensity on 
their paddy land. 

Farmers in Nakon Phanom, however, have plenty of underutilized upland area which they
prefer to use for cash cropping if it does not interfere with their subsistence rice
production. The objectives of the mung bean before rice trial are considered to be valid 
and in line with farmers' objectives. Currently, however, the available mung bean varieties 
are not suitable for local conditions due to their preference for clay soils, sensitivity
waterlogging and their susceptibility to common 

to 
pests and diseases. It is, therefore, felt

that more on-stion breeding work is necessary before further on-farm trials of this 
technology are undertaken. 
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Figure 6. Implementation of NERAD Cropping System Trials. 



Table 1. Examples of Successful Technologies Ready for Extension 

Through Multilocation Testing. 

1.Cowpea (green manure) - Rice 	 Srisaket 

Farmer problems 1. Low soil fertility
 
identified 2. 
 High cost and risk of fertilizing rice 

3. Prerice season undere-np!oyment 

Objectives of' the 1.Increase rice yields

trial 2. Reduce fertilizer requirements in rice
 

Results Cowpea-Rice 15-15-15 + 16-20-0 at 20 kg/rai YIELD =
 
(mean of (DM)05) and ammonium sulphate at 10 kg/rai 543 kg/rai
 
15 plots)
 

Fallow-Rice !5-15-15 + 16-20-0 at 20 kg/rai 
 YIELD 
(DM 105) and ammoniun sulphate at 10 kg/rai 487 kg/rai 

Fallow-Rice 44 kg varous 	fertilizer YIELD = 
(local) (farmer check) 444 kg/rai 

- Yields are significantly different* 

Conclusion: Improved Low-Input, Low-Risk "Stablization" Strategy 

2. Cuban Kenaf - Rice 	 Chaiyaphum 

Farmer problems I. Unstable rice yields
identified 2. rot disease build up onRoot limited upland area where 

kenaf is continuously monocropped 

Objectives of the I. Identify a prerice cash crop for the paddy
trial land 

2. Test a root rot-resistant kenaf variety 

Results 	 Cuban kenaf yield 280 kg/rai= 

(mean of 5 plots) 	 Net returns 747 Baht/rai 

Upland Thai kenaf (control) = 207 kg/rai
Rice after Cuban kenaf = 46 kg/r'i 

(4 plots = 0) 

Conclusion: Improved "Compensatory" System 



Table 2. 	 Examples of Promising Technologies That Require 
Further On-Farm Testing and Component Technology 
Research.
 

1. Direct-Scwn Rice (Upper Paddy) Chaiyaphum 

Farmer problems 1. Unstable subsistence rice production 
identified 2. Upper paddies planted only 1 year in 3 

Objectives of the 1. Produce rice in the upper paddies every year 
trial 2. Identify situations where direct-sown rice will give higher 

or more stable yields than transplanted rice 

Results Direct-sown rice (RD6) yield = 154 kg/rai 
(mean of (Rat + weed problems) 
5 plots) Net returns = 127 Baht/rai 

Transplanted rice (control) yield = 0 kg/rai 
(Insufficient water for transplanting) 

Conclusion: "Compensatory" Strategy for Dry Years 

2. Sesame - Rice 	 Roi Et, Srisaket 

Farmer problems 1. Limited market and unstable prices for present cash 
identified crops (watermelon and yard long bean) 

Objectives of the I. Test the potential of a traditional technology successful 
trial elsewhere in a situation with similar agroecological 

conditions 
2. Identify a viable prerict crop with high and stable prices 

Results Sesame yield = 90 kg/rai 
(mean of (waterlogging/drought) 
5 plots) Net cash returns = 747 Baht/rai 

Rice yield = unaffected by 
sesame 

Conclusion: Promising Income Stablization Strategy 
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Table 3. Examples of Technologies Unacceptable to Farmers to be 

Referred Back for Further Basic Research. 

1. Sweet Corn - Rice 	 Nakon Phanom 

Farmer problems 1. Underutilization of paddy land 
identified 

Objectives of the 1. Increase cropping intensity in the paddy 
trial 

Results Corn yield = 2924 ears/rai
(mean of 13 plots) Net returns = 476 Baht/rai

Rice yield = unaffected by 
sweet corn 

Conclusion: Trial Objectives Do Not Fit Farmer's Strategy 

2. Mung Bean - Rice 	 Roi Et 

Farmer problems I. Declining soil fertility
identified 2 Limi:ted markets and unstable prices for traditional cash 

crop (watermelon) 

Objectives of the 1. Improve soil condition by incorporation of legume crop
trial residues 

2. Stabihze returns from cash crops 

Results 	 Mung hean yield = 44 kg/rai
(mean of 5 plots) Net returns 88 Baht/rai

Rice yield (after mung bean) = 348 kg/rai 
Rice yield (after fallow) = 344 kg/rai 

(not significantly different) 

Conclusion: Stablization Objectives Not Achieved in Trials 

Major Soil/Water 	 It would be appropriate to conclude with a summary of the major problems in soil, water
Management Issues 	 and soil fertility management currently facing the cropping systems program within 

NERAD. Component technology work is already planned to address some of these issues.
Suggestions and advice as to how to besi design and implement on-farm trials to solve the 
following problems are welcomed from this workshop. 
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Upland Crops - Adjustment of planting dates in accordance with local rainfall 
probabilities. 

- Selective erosion of organic matter and clay content (Mitsuchi, 
1984). 

- Soil acidity management. 

Prerice Crops - Planting methods and soil management techniques to reduce the 

problems of waterlogging. 

- Adjustment of pianting/harvesting dates in accordance with rainfall 
probabilities to avoid waterlogging and drought. 

- Management of soil acidity. 

- Green manure management for maximum benefit to the following 
rice crop. 

Rice Crop - Fertilizer types/rates/timing and placement to reduce risk under 
erratic rainfall conditions. 

- Decision guidelines based on rainfall amounts and dates for when to 
transplant and when to direct-sow rice in the upper paddies. 

- Rice crop residue management lbr maintenance of soil fertility. 

Postrice Crops - Soil moisture conservation. 

- Planting methods and other management practices to reduce crop 
turnarotnd time. 

- Fertilizer application in dry conditions. 

Entire Cropping - Assessing trade-offs between optimal system planting dates for 
component crops in a multiple cropping system. 

- Long-term assessment of soil fertility maintenance by cropping 
system rotations. 

- Maximizing the utilization of residual fertility from a previous crop. 
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Introduction 

Crop Production in the 
Northeast 

Paddy Rice Production 

Soil, Water and Crop Management Practices for Rainfed 
Agricultural Systems in Northeast Thailand 

V. Limpinuntana 
Khon Kaen University, Kiln Kaen, Thailand 

ABSTRACT. This paper discusses the principalproblems and constraintsin crop 
production at the fin level in the undulating lands of Northeast Tiailand. There, farmers 
grow rice mainly for subsistence, and drought tolerant long-duration cassava and kenaffor 
cash. The rationale for farmers choosing such crops is given. The principal constraints to 
agricultural production on the undulating land, including poor utilization of upper paddy, 
are the shortage of water and low soil ]ertilitv on both paddy and uplan~dfields. Tie 
recentlyv terninated KKU-Ford Cropping Syvsteins Project at Khon Kaen University 
attempted to improve the existing cropping s\ystems by introducing several multiple 
cropping patterns to raise net income per unit area of land. Most of the cropping patterns 
tested gave poor and unstable yields. Some promising patterns, although agrononically 
successful, were not readily accepted by farners because certain cropping practices 
interfere with other existing farn activities. Later on, well-established rainfed, multiple 
cropping systens were fouind to be practiced by some firners in certain areas of the 

Northeast. These svstemns may provide soni answers to the problems of underutilization of 
upper paddy land aridpoor soil fertilit'. Such findinigs also reflect how certain Northeast 
farnersutilize rainfall, soil moistur' andfertilizers efficiently, and their integration with 

crop managentntpractices that are both profitable and sustaiiable for rainfed agriculture. 

Although the Northeast is the largest region of Thailand, the population is among the 
poorest in the Kingdom since the principal source of income is based primarily on rainfed 
agriculture. Low and unstable agricultural productivity in the Northeast are attributed 
mainly to low soil fertility and erratic rainfall. Areas for agricultural production cannot be 
expanded further, and off-farm employment opportunities are limited. As population 
density increases, the policymakers and researchers are striving to increase the efficient 
utilization of agricultural land by upgrading soil fertility, developing water resources to 
all, ie drought problems, and more recently by multiple cropping (Patanothai, 1983). 

Knowledge of how the Northeast farmers respond and adjust their cropping systems to 
drought stress and low soil fertility is lacking. Therefore, the purpose of this paper is to 
examine, particularly at the farm level, the problems and constraints to rainfed crop 
production in the Northeast. Ways to overcome such problems have been identified by the 
farmers themselves and by the researchers of the recently terminated KKU-Ford Cropping 
Systems Project at Khon Kaen University. 

There are only four or five major crops that are grown in the Northeast. Rice (paddy) is 
the principal cultivated crop and is grown on 70 percent of agricultural land. Eighteen 
percent of the land is devoted to four upland crops including cassava (nine percent), corr. 
(six percent), kenaf (two percent) and sugarcane (one percent). Fruit trees, vegetables and 
other field crops occupy only a ,,mall portion of the agricultural land. (Office of 
Agricultural Economics, 1983). 

As a result, this discussion will center mainly on the problems and sustainability of rice 
and upland crop production as part of the cropping/farming systems of Northeast farmers. 

The average regional yield per area of rice produced in the Northeast is always low 
compared to other regions of Thailand (Office of Agricultural Economics, 1983). 
Presumably, this is due to low soil fertility and erratic rainfall. In the past, there were 
recommendations to shift some of the areas that were traditionally planted to rice into 
upland crops, or even pasture for livestock. Such recommendations were largely ignored 
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since rice is the preferred crop and the staple food throughout the Northeast region.Moreover, the farmers are reluctant to change their paddy fields into cash crops becauseof unstable markets. At the village level, people also regard the level of rice productionper household as the best indicator of a farmer's economic and social status.preference of the Northeast farmers The 
to grow rice continues to be strong as evidenced bythe many upland fields previously under cassava production which are now planted toupland rice (Townsend and Baker, 1984). As a result, a careful assessment of riceproduction in the Northeast region has identified certain areas that appear to be stable fromyear to year in terms of the area planted to paddy and padd' yield per unit area(KKU-Ford Cropping Systems Project, 1982). These areas are along the Mekong Riverwhere rainfall is high and more evenly distributed. Rice production tends to be eitherunstable and/or low in the areas away from the Mekong River, particularly toward themountain range in the west and southwest of the region (KKU-Ford Cropping SystemsProject, 1982). In these areas, rainfall is lower and tenis to be more erratic in both theannual amount and distribution during the rainy season. 

Closer examination of the areas with rice production problems in the Northeast regionshows that rice is frequently grown on the updulating land (Figure 1). ,".....rs on thistype of land begin growing rice at the botiom of the depression and, subsequently,continue planting up the slor toward the upland. Rice production in the bottom or lowerpaddy is considerably more stable than rice grown in the upper paddy fields (Figure 1). Atthe upper paddy position, rice can be grown successfully only one to three years out offive because of insufficient water for transplanting. It follows then that two principalchallenges to agriculture in the Northeast region are (1)how to increase stability of riceproduction on the upper paddy fields, or alternatively, how to manage this type of paddyland so as to stabilize or even increase the income per unit area, and (2) how to increasethe overall rice yield per unit area by improving soil fertility. 

Increasing the Utilization E~fficiency of Upper Paddy Land 

The Origin of Upper Paddy Lakd and its Current UseEfforts to grow rice on the upper paday position were prompted by the increasingpopulation of the region. Nevertheless, crop failures occur frequently on upper paddyfields because of insufficien: and erratic rainfall. Even if rice can be transplanted, yieldsper unit area are still low compared with those of lower paddy fields. Some farmers whohave sufficiently large landholdings have had some degree of success on upper paddy land
using short-duration rice varieties. 

I 

Upland 

I
 

Upper paddy I ad 
UUpper p 

I Lower paddy iI 

Figure 1. Undulating Topography of the Northeast Showing
Upland, Upper Paddy and Lower Paddy Positions. 
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In many areas of the Northeast, drought is an event that occurs with expected certainty 
(KKU-Ford Cropping Systems Project, 1982). For example, in Khon Kaen, farmers who 
have comparatively large landholdings may not be too concerned about drought if it coim;es 
in alternate years with good rainfall. This is because the rice surplus obtained from the 
upper paddy fields in the good rainfall years will compensate for low production in the 
drought years. 

To fully utilize the short period coring which water collects in the upper paddy fields, 
short-duration rice varieties are used. These varieties are transplanted to upper paddy fields 
about one to two months later than those grown in the lower paddy fields, but harvested 
about 1/2 to 1-1/2 months earlier. Short-duration varieties often produce low yield due to 
the short vegetative growth period. 

Research to Improve the Productivity of Upper Paddy Fields 
Improvement of crop productivity on upper paddy fields was a critical issue addressed by 
the KKU-Ford Cropping Systems Project from 1976 to 1983. Several cropping patterns 
were tested (Figure 2), and results are available elsewhere (KKU-Ford Cropping Systems 
Project, 1982; Patanothai, 1983, Polthanee, 1983). Only a brief summary of results is 
presented here. 

1) Growing short duration field crops before rice. An objective of this project was to 
utilize the previously vacant upper paddy fields prior to the delayed transplanting of short
duration rice. Short-duration field crops were planted in late April and May and harvested 
before rice seedlings were transplanted about mid-August to September. Several field crops 
were tested but only a few promising possibilities emerged, including mung bean and red 
cowpea. These two crops are short-duration legumes which can be harvested within 
75 days, thereby allowing sufficient time for paddy fields to collect water for subsequent 
rice transplanting. This technology, though practical, was not readily accepted by the 
farmers. Planting of the two legumes required substantial production inputs and intensive 
management (e.g., weed and pest control) which tended to compete for labor that was 
committed to transplanting rice on the lower paddy fields during June and July. 
Furthermore, good mung bean production seemed to be location-specific, occurring mainly 
on slightly heavy soils, and there was no established market at that time for cowpea. 
Unlike cassava and kenaf, these two legumes were not sufficiently drought tolerant, 
causing the yields to vary considerably from year to year. 

2) Growing field crops after rice. An attempt to establish field crops after rice was met 
with total failure due to lack of sufficient residual soil moisture to support growth. 
Techniques to conserve soil moisture were also not well-established at that time. 

3) Double cropping of field crops on upper paddy fields. Studies on double cropping 
with two short-duration field crops were conducted as a possible option for replacing rice 
on upper paddy fields. However, experiments over a number of years produced variable 
results. Establishment of the second crop was of'en unsuccessful because of waterlogging 
during the heaviest rainfall period. The cooperating farmers were never very interested in 
double cropping as an alternative system, believing that the upper paddy fields should be 
utilized for rice production. Planting of the second crop was often delayed until September 
or later. Establishment and performance of late planted field crops depend on the 
occurrence of late rains which are also uncertain. 

4) Direct seeding of rice. Some stabilization of rice yields against drought on the upper 
paddy fields can be achieved by direct seeding of rice in early June. This concept was also 
evaluated by the KKU-Ford Cropping Systems Project (1978). The results looked 
promising in terms of yield. However, the problems that were of greatcst concern were 
the increased labor required for weeding, flooding of small rice seedlings, and pest control 
practices. 
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Figure 2. Calendar of the Improved Cropping Systems for the 
Upper Paddy Fieids on Undulating Land in the 
Northeast as Proposed by the KKU-Ford Cropping
Systems Project (f.c., field crop). 

Because of the increased demand for rice to meet the needs of an increasing population,
there should be a tendency for farmers to adopt direct seeding methods on the upper paddyfields. In low rainfall areas of Chaiyaphum, farmers in some villages have already started
to use direct seeding by broadcasting rice seed and incorporating it by shallow plowing.
This practice is followed when the rains come late, or when an earlier drought has
destroyed the nursery bed. Although rice yield per unit area is rather low and can bcunstable from .y.ear to year, the farmers are willing to take the risks (Jureerat Thomas,
personal communication). In many areas of Khon Kaen Province. upland rice has beenestablished for more than five years by some local farmers and it slould be relatively easy
to apply their methods and techniques to the upper paddy fields. 

Indigenous Cropping Systems on the Upper Paddy Fields in the NortheastThe rice-based cropping systems evaluated by the KKU-Ford Cropping Systems Projectnot entirely successful when implemented in certainwere areas of Khon Kaen Province.
However, it was later learned that similar systems had been successfully established andutilized much earlier in some small areas of the Northeast. Examples of growing field 
crops before rice were found at a number of locations: sesame before rice (ChangwatBuriram) and kenaf before rice (C. Chaiyaphum, C. Roi Et). Examples of field cropsgrown after rice on the upper paddy fields are: peanut and native cowpea (C. Surin),
cassava (Amphoc Ban Phai, C. Khon Kaen), and rice-watermelon-kenaf (C. Roi Et). Someof these cropping patterns have been practiced for over 20 years (e.g., peanut after rice).
Examples of some systems are shown in Figure 3. 

Studies of existing cropping patterns have been undertaken by monitoring the farmers'
cultural practices, assessing environmental changes (e.g., soil moisture status and watertable fluctuations) and conducting farmer interviews (by KKU-Ford Cropping SystemsProject/KKU-USAID Farming Systems Project). The results thus far have shown how the 
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Figi- 3. 	 Alternative Cropping Systems for Upper Paddy Fields 
on Undulating Land in the Northeast. 

farmers select a certain crop to plant under a specific set of environmental conditions and 
in accordance with certain modifications in cultural practices. It has been observed that 
land preparation and planting techniques can differ widely, depending on whether the field 
crops are grown before or after rice. 

Where peanut is grown after rice, three to four tillage operations may be needed to ensure 

that the top soil is sufficiently finely tilled to conserve subsoil moisture. This practice is 
critical because there is an extremely low probability of any rainfall occurring during the 

first two months (December-January) of peanut growth. Thus, early growth of this crop 
will depend almost entirely on stored soil moisture. Peanut seed is also pregerminated to 
enhance early growth and then planted at about a five-inch depth when soil moisture is 
adequate for root growth (Polthanee, 1983). The success of this cropping system may also 
depend on choosing the right crop. For example, peanut has been observed to develop its 
entire fibrous root system along the tap root underneath the seed position (Limpinuntana, 
private communication). This is in contrast to many other field crops, particularly cereals, 
which tend to develop fibrous roots close to the soil surface even when they are 

deer-seeded (e.g., six to ten inches in corn) (Martin and Leonard, 1965). Rainfall may 

also modify crop performance. If off-season precipitation occurs before pegging 
(December-January), crop yields tend to be reduced. In contrast, early rains prior to the 

following rainy season (February-early March) tend to increase yields (Polthanee, 1983). 

The first type of rainfall often results in soil compaction which increases bulk density and 

impairs penetration of the young pegs into the soil. The second type of rainfall may serve 

to replenish the supply of stored soil moisture during the critical pod-filling stage. 
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Land preparation and planting techniques may be quite different when field crops aregrown before rice. lKenaf and sesame crops that canare be grown successfully before rice.Both of these crops can survive extended periods of drought and resume normal growthwhen rainfall occurs. This type of crop is, therefore, most suitrd for growth during theligh' and sporadic rains which occur at the onset of the rainy season (February to April).For land preparation, plowing is done only once after the early rains have wetted the soildown to a depth of five to six inches. Seed is broadca,;t and the soil is immediatel-'harrowed to cover the seed. It is essential that farmers finish land preparation and seedingwithin a short period tc maximize germination and plant establishment before available soilmoisture is depleted. Yield per unit area may b,- small but ttile iotl yield "or one opcrationis high. thus, the avaiitble soil water raust be efficiently used. 

Careful monitoring of eoisting cropping systems suggests that good performance of certaincrops, e.g.. groundnut and scsame, may be location-specific and dependent upon theexistence of sha'low water tables. The utilization of capillary water from shallow watertables by cr.aps may play an imp,',tant role in supporting crop growth during the drypnriods. On the other hand, performance of' some crops such as kenaf ;!,ay be lessdependent oai shallow wate- tahles but more on adequate initial moisture to st-pport early
growth and establishment. 

Inprovement of Soil Fertility on Paddy Fieds 

Low fertility of paddy fieldis is tbe current problem of most concern to many farmers inthe Northeast. This problem !s particularly severe at sites where there is little or noadjacent iorest land. In the past, reasonably high rice yields were obtained on the lowlandpaddy fields because of the accumulation of organic matter and debris from the nearby
forest areas. 

In view of the erratic rainfall patterns and inadequate levels of soil moisture, farnes arereluctant to apply chemical fertilizers o. their paddy fields because of high risk due todrought and the high cost of fertilizers. The use of fertilizers in Northeast paddy fields israther low, with an aver ,ge of about 3-5 kgrai of N-P-K fertilizer. Farmers will applyfertiF~zers by broadcasting, but very sparinigly as a "medicine" on poor spots of paddyfields. However, both chemical fertilizers and animal aremanures used intensively for theestabli:;hment of rice seedlings in nursery beds. 

Most farners prefer to put heavy rates of fertilizer on a few rai of high value cash cropsgrewn after rice, e.g., watermelon (C. Roi Et), tobacco (C. Roi Et) and green corn (BanFang, C. Khon Kaen), and allow the following rice crop to be grown on the residualfertilizer from these cash crops. Tne farmers also rotate the plots where
planted so tnat cvery paddy field can 
the cash crops are
receive fertilizer every three to four years. Recently,it was observed that changing the rice variety from a traditional one such as San Pa Thonto an improved glutinous variety such as RD6 requires fertilizer input to achieve optimumyields. Farmers in villages such as Ban Hill Lard and C. Khon Kaen are now applying

relatively heavy rates of fertilizer to this new variety. 

For ii:e-based double cropping systems, we still do not know whether there is any effectof residues from field crops on subsequent rice yields. Where cassava is grown afterpaddy, some farmers claim that residues from unfertilized cassava can increase the yield ofthe following rice crop. Nevertheless, studies have not conclusively shown !hat therebenefits from cassava residues 
are 

on subsequent rice yields (Watayanon, 1985). 
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Upland Crops Zones of Upland Crops in the Northeast 

The problems involving the producti, of crops on upland fields of the Northeast are 
generally less severe than for paddy i icc. There are two principal zones for upland 
agriculture in the Northeast. The fir.t is found at the foot of mountain ranges in 	the 

zone arewestern, southwestern and southern tarts of the region. The soils of this upland 
rather heavy textured and very fertile since they originated from parent materials enriched 
in various inineral nutrients. Field crops that require more fertile sa)ils are grown in this 
foothill zone, usually without the additioa of fertilizers. Crops grow', here are corn, 
sorghum, cotton, soybean, cassava and kenaf (KKU-Ford Cropping Systems Project, 
1982). The chief constraints to crop production in the foothill zone are erratic ,ainfall, 
drought and unstable markets. The latter problem can be a most serious one for those 
farmers whose operations consist mainly of upland crops with little or no paddy 	 land. 

A second zone of upland crop peoduction is the upper position ot the topographic scheme 

shown in Figure 1, which is also referred to as a miniwatershed (KKU-Ford Cropping' 
Systems Project, 1982). Farmers in this zone grow subsistence paddy in the depression 
areas and raise cash crops on the upland areas. These upland soils have been extensively 
leached and eroded and, consequently, are of low fertility, sandy texture, low water 

holding capacity, low organic matter, low pH and low cation exchange capacity 
(KKU-Ford Crcpping Systems Project, 1982). Upland crops grown on these areas are 
mainly low-input and long-duration type such as cassava and kenaf. 

Rationale for Growing Cassava and Kenaf on the Upland Areas 

Farmers choose to grow the low-input, long-duration upland crops on the undulating, 
upland areas because they are basically rice farmers who have little available labor for 

other crops during the rainy season. Since precipitation at the onset of the rainy season is 

light and sporadic, the crops most suitable for these conditions are those which are drought 
tolerant, and also able to grow on low fertility sandy soils. Moreover, the long growing 
period of these two field crops a',lows the fanner to devote most of his time and labor to 

transplanting rice during toe rainy season (June to September). Early establishment of 

cassava or kenaf at the onset of the rainy season also provides plenty of time for weeding. 

Upland crops grown during the rainy season, especially with the addition of fertilizer, 

require considerable hand labor for weed control and compete with rice transplanting for 

available labor. Eaily establishmeut of kenaf allows for lef cancpy closure prior to the 

period of midseason, high rainfall intensity, providing effective control of soil erolion. 
Also, growing cassava at the end of the rainy season (October) can further reduce both 

weeding activity and soil erosion. 

Figure 4. shows how the farors of undulating upland areas may allocate their time and 

labor on different types of land (Polthanee, 1983). 

Problems of Upland Crop Proeuction and How Farmers Resolve Them 

The problem with cassava and kenaf planted on upland with undulating topography is 
has beenliainly low productivity rather than yield instability. Low yield per unit area 

cited by miny farmer,; who have grown cassava and kenaf on the same piece of land for 

several years. A few farmers have already started to fertilize cassava and kenaf. 	Once 

used, the fertilizer rate is still low (about 10 kg/rai of mixed N-P-K fertilizer). For both 

cassava and kenaf, chemical fertil-zer is "dded at tht time of weeding, mainly by 
handful ofbroadcasting. In some villages, one spoonful of chemical fertilizer plus one 

livestock manure are used to sidedress the cassava plant. Some farmers of Tambon 
grow up;and rice iru rotation with cassava. HighDonchang, a subdistrict in C. Khon Kaen, 

yields of upland rice (300-500 kg/rai) have been obtained with the application of 20 to 

30 kg/ha of a mixed N-P-K fertilizer. Farmers also reported increased yields of cassava 
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Figure 4. Seasonal Distribution of Labor for a Farm Household 
Cultivating on the Three Positions of Undulating Land
(Polthanee, 1983). 

when planted after upland rice that received heavy fertilization. Some farmers occasionallyrotate cassava with peanut and have attributed increased cassava yields to the peanut plant
residue. 

Research on Improvement of Cropping Systems for Undulating Land 

Improvement of cropping systems on the upland position of the undulating topography ofNortheast Thailand was also a goal of the KKU-Ford Cropping Systems Project during1976-1983. Types of cropping systems tested included intercropping of cassava withshort-dura%,on field crops, double cropping of two short-duration crops (to replace cassavaand kenai), and growing short-duration field crops after kenaf (Figure 5). Results of thesestudies can be obtained from a number of sources (KKU-Ford Cropping Systems Project,
1982; Polthanee, 1983; Patanothai, 1984). 

For intercropping of cassava with short-duration crops, the most promising patterns were cassava and peanut, and cassava and red cowpea, as these patterns produced higher incomethan growing cassava alone in several .::als. However, farmers were reluctant to adoptintercropping of certain crops because of the additional labor requirement. Weeding wasthe main constraint to intercropping of cassava 
than on cassava monocropping. This, c 'course, 

since it takes three to four times longer 
competes for labor normally devoted torice transplanting. Traditionally, farmers accomplish weeding by running a buffalo plowalong the cassava rows. Intercropping cassava with a legume prohibits the use of buffaloin weeding. The weeding then must be done with hand labor, i.e., with a hoe. Moreover,to obtain yield stability, both cassava. and the intercropped legume must be planted ratherlate i;-the rainy season (late April-June). increasing the probability of insect problems. 
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Figure 5. 	Calendar of the Improved Cropping Systems on the 
Upland of the Undulating Topography Proposed by 
KKU-Ford Cropping Systems Project (a, traditional 
planting date; f.c., short-duration field crop (2-1/2 to 4 
months)). 

Growing short-duration field crops after kenaf produced poor results as assessed by the 

Cropping Systems Project. The decrease in kenat' fiber yield due to early cutting could not 

be compensated by the net return from the subsequent field crops. Many second crops 

showed low and unstable yields because of insufficient soil moisture. However, this type 

of cropping system, e.g., kenaf-peanat (C. Surin), kenaf-watermelon (C. Nakon Phanom), 

is practiced by some farmers in certain areas of the Northeast. 

The kenaf is cut at full maturity, then the second crop is grown successfully on the 

capillary soil water derived from the shallow water table below. 

Growing two short-duration field crops to replace cassava and kenaf on the upland areas is 

not likely to be adopted by the farmers. Most crops tested required much higher cash 

inputs for fertilizers and pesticides, and more labor than cassava or kenaf. The double 

cropping systems also competed with rice transplanting for labor. Establishment of the 

second field crop was also difficult due to waterlogging from heavy rains. Risk of soil 

erosion was substantially increased after the soil had been plowed and harrowed for the 

second crop. The farmers themselves avoid planting crops on the upland during the rainy 

season, but if they do, the cropr are planted in beds to avoid waterlogging and to prevent 

soil erosion (e.g., growing watermelon in September in Ban Sam Jan, C. Khon Kaen). 

ThV. paper 	has described the current cropping systems at the farm level in the Northeast,Conclusion 
identified the principal agronomic and economic constraints to increased agricultural 

can be improved.production with these systems, and suggested ways in which the systems 
Noteworthy conclusions are as follows: 
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Soil and Water Management Research Experience in the 
Central Region 

C. Tongyai and T. Na Nagara 
Department of Agriculture, Bangkok, Viailand 

ABSTRACT. Understanding the complex interaction of soil properties, p/ant growth and 
develolment, and atntospheri-environmentalrelationships is a basic prerequisite to the 
development of an inroved crop prothction nanagement program. Past soil and water 
management re1SChlr1i effiorts were aimted ait collecting and anal'vzillg relevant data and 
quantit.,ving some 01 the soil-plant-water relationships fir us , in systems modeling. In the 
Centra! Highland region ofThailand, the, goal is to utilize the nodeling approIach to 
evalate (lt characterize those relatio,;iNI)sh that would bst stabilize and iniprove tit 
field crop production systems fin soils , thi' Ultisols on/cr. 

This pajer discusses sone of the important considerations and constraints in the modeling 
approach and empjhasizes the importan' that inodeiing can play in fiuture agrotechnology 
transfer schents. 

Introduction 	 A high percentage of soils in the Central Highlands corn belt belongs to the order of 
Ultisols. This classification implhes that the soils are \cry old and inherently low in plant 
nutrients. Soil fertility is contained primarily in the organic matter or humous fraction and 
not in the kaolinitic clays which are generally the dominant mine,-al component of these 
soils. Trees exploit these soils by removing nutrients from deeper soil depths and recycling 
them near the soil surface in decomposing leaf litter. Forest canopies provide the necessary 
protection of topsoils against soil erosion and nutrient losses from intense tropical rains. 
Humus, in effect, helps topsoil hold water against dry spells and by absorbing runoff, it 
slows erosion. Thus, a satisfactory natural equilibrium for the semiarid tropics is 
sustained. 

Indiscriminate deforestation has created such rapid ecological imbalance in the hydrologic 
cycle, energy balance and biotic environment that the region has become reputed for the 
hazards of drought, fire. flash floods and severe soil erosion. These adverse environmental 
conditions are also often conducive to insect and disease infestation, which can inflict 
widespread damage to crops. With proper management, the newly cleared forest areas can 
maintain a satisfactory subsistence level of production for a number of years. As long as 
farmers did not expect a high yield from these lands, they usually found that the natural 
fertility of the soil was sufficient. In fact, until the last decade, little attention was given to 
the problems of fertility and conservation of these lands and essentially all crops were 
cultivated without fertilizer The most damaging circumstances, however, have been 
attempts to "modernize" ciop production. Modern technology and economic pressures 
have helped encourage a ri!,kier way of farming, i.e., a shift away from mixed crop
livestock farming, crop rotations and soil conservation practices toward intensive row 
cropping and chemical weed control which render soils vulnerable to erosion and nutrient 
runoff. Topsoil left unprotected on a hill slope gradually gives up its organic matter to a 
thin sheet of moving water. Tropical rains are intense with a high energy load and can 
cause severe erosion to exposed soil, particularly when the soil is freshly plowed and has 
little or no residue to protect the surface from direct raindrop impact. As the slope erodes, 
runoff increases and less water infiltrates. Thus. in those areas where water storage in the 
soil profile is critical, there will be little available for future use and crop yields will be 
reduced because of moisture stress and drought. The thinner the topsoil layer, the greater 
the productivity loss for each additional increment that erodes. In shallow soils, or those 
areas where the water holding capacity of the topsoil has been reduced by continued 
overcultivation, crop productivity cannot be restored by only applying more fertilizer. 
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Agronomic Results and 
Observations 

This is the situation which many farmers are currently facing. The hazards are particularlyprominent in maize production on soils commonly referred to as Pak Chong and whichbelong to the family of very fine, clayey, kaolinitic, acid Oxic Paleustults. 

Results from six years of experimentation show that a greater and more stable yield ofmaize can be achieved with zero-tillage compared to tilled Pak Chong soils (Table 1). hi
fact, untilled soil with killed-sod cover results in greater rainwater conservation, i.e.,greater infiltration and a reduction in evaporative water loss (Tongyai et tl., 1981). Table2 shows results from runoff plots in the adjacent area of Phra Phuttabat Station (Uenoet al., 1983) whcre a 16 to 20 percent reduction in runoff occurred under cropped no-tillplots compared with conventional tillage. Although these figures may be less thangenerally expected, they do demonstrate the fact that runoff can be greatly reduced. Evenwhen soils are poorly managed, infiltration and the retention/storage of precipitation canbe substantially increased with no-till compared to conventional tillage. 

The agrc nomic solution to greater and more stable crop yields in the Central Highlands-Northeast Plateau regions, where short-term drough:i of approximately 20 days arecommon, tends to be increasingly weighted toward conservation tillage practices. Thereare, however, many constraints associated with the practice of conservation tillage. Themost important prerequisites for success are fertilizer application and a good weed control 
program. 

Nitrogen fertilizer, particularly, is needed as a normal crop requirement and to offset theeffect of microbiological immobilization of mineral nitrogen. During early maize growththe killed-sod cover, which has a wide C/N ratio, undergoes decomposition. This couldlead to a temporary, but serious, nitrogen deficiency for crops. The recommendedN-fertilizer level for tilled soil, however, appeared to be adequate in the zero-till
experinents at Phra Phuttabat Station and Suwan Farm. 

Table 1. Grain Yield of Maize Under Varying Tillage Practices
and Fertilizer Applications from a 1979-1984 Long-Term
Experiment on Pak Chong Soil at Phra Phuttabat 
Station, lApburi, Thailand (Tongyai et a!., 1981). 

Tillage Practice Fertilizer Grain Yield 

N P K 1979 1980 1981 1982 
 1983 1984
 

.................kg ha -
 .................
 
Rough conventional - + + 2140 2210 2800 1630 2890 1020
 

+ + + 3000 4280 3960 2500 3420 1880 
Powdery - + + 1980 1980 1960 1220 2410 130 
Conventional + + + 2590 2620 4910 2710 2220 430 
Zero-till - + + 1590 3210 1550 1190 3570 1390 

+ + + 3080 5160 5380 3640 4010 3430 

Seasonal rainfall (am) 320 730 850 500 670 490 
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The method/rate of N.fertilizer application under this higher zero-till moisture regime 
needs to be investigated in more detail, particularly in relation to soil water movement 
characteristics. The gr-later leaching of N03-N that has been observed in some zero-till 
experiments could be a great economic constraint to the use of this management practice in 
many areas. 

The fertilizer requirement for crops was essentially the same for zero-till and conventional 
tillage at the Phra Phuttabat Station. Here, the downward movement of water is greatly 
impeded below a depth of 50 cm by subsoil characteristics. In 1979, low rainfall 
conditions, conventional tillage and the application of a high rate of fertilizer to maize 
resulted in noticeable salt injury, with only slight effects observed under zero-till. In an 
experiment at Suwan Farm, where the soil is deep and downward water movement is niot 
noticeably restricted, greater leaching was observed under zero-till conditions. Thesc 
conflicting results suggest a complex interaction between soil water movement and ; ie 
behavior of N-fertilizer under different tillage systems. This should be investigated ior :il 
locations before zero-till systems are widely recommended. Since these soils are know\n to 
be deficient in phosphorous and the incidence of potassium deficiency is frequently 
observed in imbalanced fertilizer experiments, other fertilizer requirements should also be 
studied. 

Table 2. 	 Runoff as Percent of Total Annual Rainfall from a 
1981-1982 Experiment on Pak Chong Soil at Phra 
Phuttabat Station, Lopburi, Thailand (Ueno et al., 1983). 

Tillage Management Conditions 	 Runoff 

Crop 	 Slope 1981 1982 

Conventional - 38 41 
5 50 49 

+ 	 1 26 31 
5 33 38 

Cornstalk mulch 	 I I5 6 
5 21 16 

+ 	 1 3 2 
5 i 6 

Zero-till 	 1 21 27 
5 21 15 

+ 	 1 9 6 
5 17 12 

Annual rainfall (mm) 	 930 920 
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rhe Modeling Approach 

As mentioned earlier, it is of the utmost importance to have a good weed control programprior to planting because conservation tillage practices rely heavily on the use ofherbicides. Too much vegetation in the field might require mowing or some other thinningmethod before applying a herbicide. Increasing the rate of herbicide application, or followup applications may also be necessary for effective weed control. On the other hand,insufficient vegetation would not provide the necessary protection of the soil surfacewhich, in turn, would lower tile effectiveness of the method. Therefore, weed taxonomy,growth and development characteristics, and methods to effectively control weeds shouldbe studied thoroughly at every location where conservation tillage is likely to be adopted. 

There is great concern regerding the use of paraquat, the herbicide that made conservationtillage possible. Th;s bipyridyl herbicide is highly toxic to man and has no known antidote.If ingested orally, it causes damage to the lungs, kidneys and liver. If splashed into theeyes, it is a severe irritant. It is likewise a moderate skin irritant, but it does not appearbe significantly absorbed through intact skin (WI-O, 
to 

1975 Data Sheet on Pesticides No.4). Paraquat, however, is already widely used in this region. Thus, careful attention shouldbe given to each specific area may be used,where the herbicide particularly taking intoaccount tile water supplies av;!iahle for emergency situations and the need of users to take
precautionry measures when working with it. 

The greatest potential benefit of conservation tillage would be its long-term contributionmaintaining and improving soil productivity. For example, there is no waiting period 
to 

necessary to perform tillage. Cornstalks can be easily knocked down to provide moreeffective soil cover which helps to conserve enough soil water at the end of the croppingseason for growing another short-term legume crop such as cowpeas or mung bean.Residue left on the soil surface in this manner not only serves as mulch, which reducesevaporation and provides the necessary protection against direct raindrop impact, but italso decomposes slowly, thereby providing a valuable addition to soil organic matter.Residue from the relayed legume crop provides an additional measure of low C/N organicmatter to the soil, which contributes to tile improvement of soil productivity. 

The experimental results indicated that only four out of six years received adequate rainfallat tile end of the growing season to support a second crop. Nevertheless, the tilth andfriability of the soil was noticeably improved after three to four years of a maize-cowpearotation. A suitable cropping pattern, however, will depend primarily on the weather,
more specifically tile rainfall distribution/water balance, 
 which would have to be analyzed
for each specific location. 

It is obvious from this brief discussion that many factors need to be investigated, and theireffects integrated, before conservation tillage management practices can be properly andconfidently recommended for any specific area. Using the trial-and-error approach wouldcertainly be costly, not only in terms of the budget and manpower, but also in terms of

the loss of valuable time.
 

In modeling, the effects and/or interactions of various factors on plant growth and
development are quantified and then assembled into an integrated model in an orderlymanner. This type of model, when properly assembled physically and mathematically, canbe used to simulate plant growth and development under various soil-water-plant nutrientconditions, management practices and environmental situations. Thus, the effectsinteractions of these factors on crop yield, which is the most important criterion in 

and
crop

production, can be determined and characterized. 
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Modeling of crop growth and development has been restricted to certain conditional 
relationships because of insufficient detailed information on soil-water-plant-atmosphere
environment relationships and, obviously, the voluminous data and computational capability 
are needed to run a simulation model. Advances in research, through the development of 
higher precision instrumentation for measuring the soil-plant-water-nutrient relationships, 
plus the availability of low-cost high-power computers, now makes it possible to utilize 
this powcrful analytical tool more fully. 

The CERES-WHEAT, CERES-MAIZE and SOYGRO models presently used in the U.S. 
demonstrate that modeling crop growth is possible. Their utilization for decision-making in 
production inanalycenent, even for determining the most suitable insect spraying program, 
demonstrates their powerful capability for practical application. 

In research, a model serves as a practica! two-way analytical tool. Not only does it enable 
greater detailed and integrated analysis of"the results of experiments, utilizing all available 
and essential data more fully, but it also aids in a better planned and organized data 
collecting system, minimizing the data sets to those that are most essential and sensitive 
for the research situation. At present, conservation tillage research is being studied under 
the International Benchmark Sites Network for Agrotechnology Transfer (IBSNAT) 
program. This program is aimed a'tcollecting their interrelationships and characteristics to 
fit the crop growth model, and, through computer siifUlations, determining their 
applicability and sensitivity to the system. After the relationships and the model have been 
refined, the essential minimum set of data for extension of prediction to other sites will be 
identified and collected. Thc n'crll objective is to achieve gl.aie," prcc'is;,,a ild ieliabi;'ty 
in agrotcchnology transfer. 

Although many relevant past research results are already available, they generally lack 
certain essential data to enable their direct use in this research scheme. They will, 
however, still be useful for verification purposes after the model is completed. In studying 
the IBSNAT minimum data set scheme and some of the mentioned models, it is obvious 
that many soil, plant and atmospheric parameters and relationships still need to be 
evaluated for their applicability under tropical conditions and conservation tillage 
situations. At least one experiment will have to be set up with detailed measurements and 
samplings of soil and plant characteristics to obtain the necessary basic parameters and 
relationships required for the model. 

The experiment at Suwan Farm was set up to gather this basic soil-plant information in 
addition to the maize N-fertilizer requirements under conventional versus zero-tillage 
systems. Suwan Farm (the National Corn and Sorghum Research Center) was selected 
because it is located on Pak Chong soil and it is fairly well-equipped for collecting the 
minimum data set. During the study, however, many problems in the experimentation and 
data collection procedures became apparent. Five main problem areas are identified below. 

The Need for a Highly Detailed Data Collection Program 

The manual provided by the IBSNAT Program to participants was very thorough in detail 
on experimental design and minimum sets of soil-crop-weather data necessary for testing 
and validating simulation models. However, it did not elaborate on how these data are 
presently being utilized in the simulation models. To a researcher who lacks knowledge in 
some of the specific fields and who has little or no background in modeling, this manual 
will be misleading. He will collect only the minimum data set, thinking that it is adequate 
for simulation purposes. Actually, meaningful simulation is possible only when the basic 
soil, plant and atmospheric parameters and relationships have already been established. 
This calls for a much more detailed data collection program. 
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The Need for a Basic State-of-the-Art Manual 

Since it is unlikely that every researcher will be knowledgeable in all of the fieldsintegrated into the simulation model, i.e., micrometeorology, soil-plant-water relationships,and plant physiology and nutrition, it is absolutely necessary that information on standardand alternative procedures, and the state-of-the-art information in obtaining these basicparameters and relationships be made available to all participants. To produce such amanual, however, would be a major undertaking and would require cooperationscientists with expertise in all the specific fields. This 
from 

can probably be arranged only by
organization such as IBSNAT. 

an 

The Need for Instrumentation 

Many key instruments for precision measurements in the field will not be available formany years under normal budgetary situations. This is an important problem for manydeveloping countries and could be a major setback to this type of integrated researchprogram. Among the most needed instruments are data loggers and sensors for acquisitionof rnicrometeorological data, precision balances, ovens, portable area meters and neutron
moisture meters with surface and depth probes. 

The Need to Demonstrate the Importance of Modeling 

Each key participant needs to have available a personal computer (PC) compatible incapacity and capability with those used by others in the network. This is essential notfor the data gathering and analysis/organization/communication/nodeling only
work required by

the program, but also for case in demonstrating and convincing other researchers,
administrators and colleagues of the importance of the modeling activities. 

The Need to Establish Scientist-to-Scientist Linkages 

There is a need to establish scientist--to-scientist linkages, especially between scientists withthe same field of interest, in countries within the network so that a more personal researchatmosphere can be achieved. This will promote a more effective exchange of information,closer cooperation among research scientists and a more productive effort overall. 

References Jones, C.A. 1984. Experimental design and data collection procedures for IBSNAT 
collaborators. IBSNAT Project, Univ. of Hawaii-USAID (DAN-4054-C-00-2071-00).

Tongyai, C., S. Chandraparnik, and D. Thawornmas. 1981. Corn production underminimum tillage management, 1. Feasibility for Pak Chong soil. Proc. of the 12th Nat.Corn and Sorghum. Prince of Songkhla Univ., Songkhla, Thailand. 
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Soil and Water Constraints and Management in 
Rice-Based Cropping Systems of Songkhla Lake Basin 

Y. Crozat, A. Sithi-Chareonchai and R. Apakupakul 
Prince of Songkhla University, Songkhla, Thailand 

ABSTRACT. Most of the rice producing areas of Southern Thailand are ,ocated on tile 
eastern coast and are characterizedby a short rainy season and a pronounced dry season. 
One such region is Songkhla Lake Basin. Rice prodtuction is dominated by a single wet 
season rice c'rop cultivated untder rainfi'd conditions. 

As large-scale irrigation projects are under stud"v fir Sathing Phrapeninsula, this paper 
points out some f'atures of the present soil and water constraintsand management in rice
based cropping syvstems in the Sathing Phra area in order to evaluate the feasibilitv of 
such irrigationprojects. 

Regarding tlte rainfidl pattern probabilitiesand voils properties, tile difficulty of controlling 
tilewater level in paddies is ihe key constraint to soil and water management in the area. 

During the rain ' season, the sudden and high flooding firces farners to grow drseeded 
rice in such conditions that drought na\'occur bothiat the earlv stage of cultivation and at 
grainfilling. Thie quality of /andprep.a1ration is the major determinant of yields. 

in contrast, during the prerainy .season, upland crops like rnung bean are generally 
dramatically damaged b%, temporary waterlogging of soils. 7he value of irrigation without 
a good drainagenetwvork is then highly questionable. Other relevant research programs 
are discussed. 

Introduction 	 Southern Thailand is often erroneously classified as belonging to the wet monsoonal 
tropics. Closer analysis of rainfall data reveals that the eastern plain, with only three 
consecutive wet months (monthly rainfall > 200 tum) and a pronounced dry season (at 
least two months < 100 im), is comparable to the major part of central and north 
Thailand (IRRI, 1974: Apakupakul, 1984). 

In fact, most of the rice producing areas of Southern Thailand are located on this eastern 
plain such as along Songkhla Lake Basin (SLB) with almost 1.5 million rai (240,000 ha) 
of paddies (Figure 1). Rice production is dominated by a single wet season rice crop 
cultivated under rainfed conditions. Yields average 250 to 300 kg/rai (1.6 to 1.9 t/ha). 
According io SLB Project estimates (1985), the existing irrigation systems together may 
cover a total of 69,000 ha (29 	percent of the total area), but this is mostly operative 
during the wet season rice cultivation. Only five percent is irrigated during the dry season 
for rice cultivation and probably less than three percent of the paddies are being used for 
field crops between rainy seasons. 

As Southern Th..iiand is a net 	importer of rice from other parts of the Kingdom, the 
temptation is great for agricultural planners to propose irrigation projects in the belief that 
these will improve rice-based cropping systems. The recent construction of a 56 km canal 
(ARTHIT canal) from Ranot to Songkhla, together with the launching of a feasibility study 
of a salinity barrier on Songkhla Lake which could irrigate up to 200,000 rai (32,000 ha), 
illustrate this latter belief. 

One should consider, however, whether irrigation is really the answer to improving the 
existing rice-based cropping systems of Songkhla Lake Basin. The aim of this paper is to 
point out some features of the present soil and water constraint:; and management in rice
based cropping systems of SLB in order to evaluate the potential usefulness of irrigation. 
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Figure 1. Songkhla Lake Basin Resources: Location of the
Principal Rice Producing Areas. 

This evaluation will focus on the peninsula area of Sathing Phra, primarily because it isthe target area of these large-scale irrigation projects, and second because detailed analysesand research have been carried out in this area by the Thai-French Farming SystemResearch Project since 1982 (Trebuil et al., 1983; Trebuil, 1984; Crozat, 1985). 
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Rainfall Pattern and Soil 	 Serious interannual variability characterizes the rainfall distribution of the area. The annual 
Characteristics 	 mean reaches 2100 mm and more than half of this amount falls from October to December 

(1300 mm). Figure 2 shows the lower (0.2 prob.), median (0.5 prob.) and upper limits 
(0.2 prob.) 	of the ten-day rainfall pattern in Sathing Phra peninsula, based on 28 years of 
recording.
 

According to Gomez (1983), by superimposing potential evapotranspiration (PET) and 1/2 
PET (Penman formula) on rainfall patterns, three seasons may be defined but with variable 
boundaries. 

1) 	A rainy season defined by rainfall (R) > PET starts in rainy year; on September 10 
(upper limit of rainfall) and in dry years on October 20 (lower limit of rainfall). It 
ends on December 20 during dry years and on January 10 during rainy years. 

2) A poorly delineated dry season (R < 1/2 PET) starts in January and ends either on 
May 10 or continues until the onset of the rainy season. The probability of either 
condition is 0.5. 
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280 
260 

E 240 Lower limit (1st quintlle) 
[ Dry season (R<2 PET) 

4- 200 
S220 

a Prerainy season 
to 10s] (PET>R>/2 PET) 
>,160 ED Rainy season (R>PET) 
C 140 
d 120
 

100
 

80 
60 L. PET 

-" i 
1/2PET 

20
 

0
 

Jan Feb Mar Apr May Jun Jul 	Aug Sep Oct Nov Dec Jan Feb Mar Apr~~~~~........ ..'........ :.:'
.":......"."...' 

Month 

Figure 2. 	 PET and 1/2 PET Estimated by the Penman Formula 
from Songkhla Meteorological Station's Data 
(1974-1982) Superimposed on the Upper Limit (Upper 
0.2 Prob.), Median (0.5 Prob.), and Lower Limit 
(Lower 0.2 Prob.) of the Ten-Day Rainfall Pattern in 
Sathing Phra (1955-1983). The Range of Duration of the 
Different Seasons of the Year are Denoted. 
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3) Inyears in which 	there is an early end to the dry season (0.5 prob.), a prerainy
season (PET > R > 1/2 PET) may be defined from :May 10 to September 20.Howe, r,rainfall distribution appears erratic and dry periods (R < 1/2 PET)
ai:ernatc with rainy periods (R > PET). 

The land formation of the peninsula is quite recent (Quaternary) and still undergoing
change (Sawata et al., 1983; Trebuil et al., 19-3). It is dominated by sedimentation of:ud in the west 
addition of new sand bars formed by marine deposits in the east 

clay lnd (hydromorphic alluvial !,oils and low humic gley soils) and the 
(Regosols). From thecoast (cast) to the lagoon (west) ten :igroecological zones have been identified along thepeninsula (Figure 3). From a rice-based cropping systems point of view, these zonesrepresent three main agroecological units whose main features are summari2ed in Table 1. 

Except ibr Unit I, which represents 1,.'than five percent of the cultivated area, rice-based
cropping systems are situated on clay-textured soils with low fertility and poor to verypoor drainage. The location of the peninsula, caught between th.2 sea and the lagoon,
increases this drainage 	problem. 

Table 1. Main Features, and Agronomic Use and
Problems of the Different Agroecological Units 
of Sathing Phra Area. 

Agroecological Units 

I 	 II III 

Village areas, ridges 	 Paddies surrounded Low paddies without 
with sugar palm trees sugar palm trees 
(Borassus flabellifor) 
planted on the bunds 

Main features -Sandy soil - Sandy clay soils in -Clay to heavy clay soilsof the unit -pH < 5.1, P, K the upper parts (limit -pH < 5.3, P very low 
very low of UNIT I) to clay to % C < 1.2% 

-%C < 0.7% heavy clay soils in -Drainage very slow-Fast drainage the lower parts (limit -Early flooding 
of UNIT III 

-pH < 5.5, P very low, 
%C < 1% 

-Drainage: slow 

Agronomic use -Gardens + some -Rice exclusively and -Rice exclusivelyand problems rice fields sugar palm trees -High diversity of techni
-Low fe-tility -Wide range of suitable cal itineraries deter
-High weed in- technical itineraries mined by rainfall distri

festation in for rice according to bution of the year andpaddies microtopograpy and the risk of fast flooding
-Dil.eases farming systems -Early land pr ?aration 
-A ought -High weed infestation which leads to poor soil 

-Poor soil structure structure 
-Low fertility for rice 
-Drought during rice 

grain filling 
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In terms of soil and water management. the inability to control the water level in the 
paddies i- the key to understanding the existing cropping systems. Most of the farmers' 
management tactics are based on security techniques set up to avoid the consequences of 
sudden flooding (especially at the onse: of the heavy rainfall) together with drought that 
may occur because no irrigation network exists. 

These environmental constraints affect soil and water management by farmers during rice 
cultivation 	 in the rainy season. They may also explain the quasi-inexistence of a second 
crop during the prerainy season. 

Soil and Water The irregular rainfall distribution and the inability w control the water level in paddies 
Constraints During the allow only one rice crop a year. The rice cultivation period ranges from mid-August to 
Rainy Season March with a peak harvesting time generally occurring in February. 
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Zones Characteristics 

0 Drainage canal.
 
1 Sand duiges on present existing coast.
 
2 Uninhabitated coastal land.
 

4 Type A village on sand ridge, with many gardens. Agroecological
 
5 Type B villug, on narrow sand ridge, with few gardens. Unit I
 

6 Type C village beside the lagoon.
 

7 Sugar palm trees closely associated with rice. Agroecological
 
8 Sugar palm trees loosely associated with rice. Unit II
 

9 Rice field without sugar palm tree. 	 Agroecological 
Unit III 

10 Grasslard beside the lagoon. 

Figure 3. 	Topographical Profile and Distribution of Agroecological 
Zones Along an East-West Transect Line of Sathing 
Phra Peninsula. 
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Replanting is seriously limited since water level conditions required for this technique lastonly a short time and then create too high a manpower demand over a short period. In1982, only 15 percent of cultivated paddies were transplanted, principally in upper paddiesof Unit II, because the onset of heavy rain was late and rapid (end of October). Thus, inorder to plant all their rice fields, farmers broadcast dryseeded rice early, generally after asingle plowing under dry conditions. To avoid a peak of work and the hazard of flooding,they also combine this technique with the use of a wide 	range of local varieties. Thesevarieties are chosen according to the maximum water level (20 to 120 cm) and the
duration of flooding that may be expected in the paddy. 

Different varieties may even be found within the same field if the microtopography varies.Late-maturing varieties (180-200 days) adapted to high water levels are broadcast early inthe lowlands of Unit I and in some of Unit If because flooding occurs early and persists.In contrast, early maturing varieties (150-160 days) are suitable for the upper parts of 
Unit II. 

Under such water conditions, drought probability is high at the beginning of rice growthwhatever the planting date and the agroecological unit (Table 2). Drought probability
during grain filling is low in lower paddies of Units II and III but relatively high in upperpaddies of Unit II (Table 2). One should consider that the use of a crop coefficient coaalto 1 underestimates drought probability after the full tillering stage. On the other hand, awater level of more than 50 cm may occur during the second half of November with aprobability 	of 0.60, and even earlier if daily variation of water level is considered. Carefulland preparation is then a key to improving rice yield. The abundance of big-sized clodsthat generally characterize the seedbed leads to poor rice emergence and distribution and tohigh weed infestation, especially of wild rice (0. perennis) (Figure 4). As a consequence,weed control, which can be done only by hand, is very time-consuming (150 days/ha).The extent of hand-weeding directly affects the amount of fertilizer used by farmers and,consequently, the yield (Trebuil et al., 1984). With no hand-weeding, farmers usuallyapply less than 20 kg/rai 16-20-0. A maximum yie)d of 420 kg/rai was recorded with

complete hand-weeding and the use of 45 kg/rai 1 -20-0. 

Table 2. 	Probability of Drought in the Dryseeded Rice Cultivation 
in Agroecological Units of Sathing Phra Area. 

Available 	Water Planting Probability of Drought Probability of Droughtin Different Date Before Tillering (soil (available water exhausted)Paddies moisture 	< field capacity) -
During the First Three Formation Maturation 
Decades After and Filling Harvesting 
Broadcasting 

Upper paddies of I1 Sept. 0.52 0.16 0.66Unit 11 (300 mm) 21 Sept. 0.24 0.32 0.84early to medium 1 Oct. 0.08 0.64 0.91 
maturing varieties
 
(150-160 days)
 

Lower paddies of I Sept. 0.64 0.00
Units II and III II Sept. 0.52 	

0.17 
0.00 '..30(500 mm) 	late 21 Sept. 0.24 0.17 0.43 

maturing varieties
 
(180-200 days)
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w/o: fallow; no rice cultivation
 
nontill.: direct planting without plowing
 
1 pl.: one shallow plowing (5-10 cm depth)
 
2 pl.: one shallow plowing followed by a deeper plowing (10-15 cm depth)
 
I: seedbeds characterized by large clods; 26 %> 123 cm2 

I: seedbeds characterized by medium clods; 6%> 123 cm2 

Ill: seedbeds charact, ized by small clods; 3%> 123 cm2 

Figure 4. 	Percent Emergence of Dryseeded Rice and Wild Rice 
Infestation (0. perennis), According to Land 
Preparation. 

Finally, the shallow and irregular plowing (3-10 cm depth), often characterized by the 
existence of a marked plow pan (no porosity) seriously limits the drought avoidance of 
rice during maturation. 

Soil and Water During this season, a few farmers (< 3 percent) grow mung bean and cucumbers in Unit 
Constraints During the 11 as soon as the first rains of mid-April and May allow plowing. In fact, during this 
Prerainy Season period it was demonstrated that the most serious yield constraints were the successive 

occurrence of waterlogging and dry periods (Crozat, 1985). With regard to the low 
permeability of the clay-textured soils of the area and the intensity of the rainfall, 
waterlogging occurs as soon as two consecutive daily rainfalls exceed 35 mm. Probabilities 
of such an event are given in Table 3. 

In terms of probability, waterlogging may occur at least once during mung bean cultivation 
one year out of two, whatever the planting date. In 1984, of 22 fields where mung bean 
was cultivated, the yield of only five exceeded 100 kg/ha. In 24 percent of the cases, no 
harvest was possible because waterlogging led to complete plant popul2?ion mortality. 
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Table 3. Probability of Having at Least One Waterlogging Event 
During the Prerainy Season (25 Years). 

Decade May June July Aug 

1 0.16 	 0.12 0 0.16 

2 0.20 	 0.24 0.12 0.16 

3 0.28 	 0.24 0.12 0.12 

2-Month May-June:0.64 June-July:0.52 July-Aug:0.48 
Period 

In fields temporarily flooded, plant population was also reduced and yields were negatively
correlated with waterlogging duration by its dramatic effects on pad production (Figure 5).A brief survey of farmers who had cultivated mung bean for four years showed that inthree of those years, crops were seriously damaged by waterlogging, and in one year,
limited by drought. 

Conclusion In terms of soil and water management throughout the Sathing Phra peninsula, drought and
flooding cannot be separated. Noncontrol of flooding and drought is the key problem ofrice-based cropping systems because of both extremely erratic rainfall patterns and the poor drainage ability of clay-textured soils. During the rainy season, sudden and high
flooding, together with manpower constraints of farming systems, force farmers to grow
mainly dryseeded rice. In such conditions, drought periods may occur both at the earlystage 	of rice cultivation and at grain filling. The use of high yield varieties is also limited
because -f the 	 large "ariation in water levels. Land preparation quality appears to be the 
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Figure 5. 	 Relationships Between Flooding Index (Log (No. of Days
of Flooding x Percent Area Flooded)) and Pod
Production and Grain Yield of Mung Bean Crops in 22
Farmer-Managed Fields (Prerainy Season 1984). 
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key determinant for rice population and weed infestation, especially of wild rice 
(0. perennis), and even for drought resistance. During the prerainy season, however, 
yields of upland crops like mung bean may be seriously damaged by temporary 
waterlogging. This risk exists at least one year in two. 

Without an efficient drainage network, the value of irrigation is questionable and its 
practice risky. In addition, with the three farming system types identified in the area 
(Trebuil et al., 1984; Trebuil, 1984), irrigation is probably accessible to not more than 
30 percent of the households because of the economic constraints and socioeconomic 
strategies followed by each farming system type. During the interrice cultivation period, 
around 60 percent of the farmers obtained income from sugar palm, so the target 
population for double cropping is limited. One may wonder if the existing association of 
a rustic perennial cr(,p like sugar palm (Borassusflabellifer) with rice is not an optimum 
adaptation to the environmental constraints of the area. 

Since 1984 the Thai-French Farming System Research Project has undertaken research on 
sugar palm production improvement, as well as a cropping system research program. As 
part of this latter program. land preparation management for dryseeded rice and the 
introduction of legume green manures Ldapted to successive waterlogging and drought 
periods appear to be the most promising means of reducing rice-based cropping system 
constraints (Crozat, 1985). These constraints were clearly identified as poor rice 
implantation (low density, irregular spatial distribution, low drought resistance), weed 
competition and low soil fertility (low nitrogen) (Crozat and Chitapong, 1984). 
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Soil, Water and Crop Management in Rainfed 
Agriculture: The Indian Experience 

J. Venkateswarlu 
Central Research Institute for Drland Agriculture, 
Hyderabad, India 

ABSTRACT. At preent drylands in India occupy 73.5 percent of the net cultivated area of 
143.8 Mha and contribute 45 percent of cereal yield and 75 percent each in oil seeds and 
grain legumes. Inspite ofpeaks and troughs due to fluctuations in rainfall over the years, 
Indian agriculture is improving. Irrigation agriculture would not be a viable solution to 
increase food production in India. 

The drqlands of India are impoverished with low investment capacity; the holdings are 
small and scattered. 7he All India CoordinatedResearch Project.for Dryland Agriculture 
(AICRPDA) has evolved simple and easily implenentablepractices to increase the crop 
production in farners'fields by at least 100 percent. These practices include timely 
seedbed preparation, ideal plant populations, timely weed control, use of high yielding 
varieties and hybrids, and use of nodei-ate levels offertilizers. Efforts have been nade to 
identifi' alternate crop strategies to meet weather aberrations. 

Runoff is inevitable and variesfron 10 to 40 percent in sierozemic soils and Vertisols, 
respectively. On-farm? inanagenrentof rainwaterthrough different land configurations 
provides additionalproduction of only 15 percent, an amount which is not visible to the 
farmer; hence, the practice is not easily implemented. On the other hand, irrigation with 
runoff collection into dugout farn ponds increased cereal yield by 2 q/ha/cm. Pulses and 
grain legume yields were increased by only I q/ha/cn. 

The cropping intensity in the drylands of India is low. However, improved intercropping 
systems in areas receiving more than 625 mm rainfall have been identified. Furthermore, 
with fitrther increasesin rainfall beyond 800 nit anid with soils having 200 mm or more 
storcje capacity, double cropping is possible. Both these systenis provide the potentialfor 
increasedproduction of the mtuch needed grain legumes arid oilseeds for the country. 

Soil erosion is a serious problem. If the farners become aware of the potential value of 
their drilands, the, may be willing to participateinthe program of soil conservation. To 
induce fartners to participate,simpler programs like key-line fanning, the use of existing 
waterw,ys am:dflexibility inthe spacing of the graded/contourbunds may be usefid. 

To mneet the country's increasing food needs, drylands with good agriculturalpotential 
should be identified aid exploited to prevent a shortage of productive landfor food grains. 

Training of the fa,"Imers and distribution of agriculturalinputs are important requirements 
for achieving higherproductivity in drylands. Providing spot guidance would further 
enhance the yield. 

Introduction 	 India is a nation of youth. Fecundity being high, the estimates on population have gone 
awry and instead of 935 million, we are likely to be 1.0 billion by 2000 A.D. Today, 
India produces about 150 Mt of food grains, but by 2000 A.D., about 240 Mt of food 
grains will be needed. At present, drylands occupy 73.5 percent of the net cultivated area 
of 143.8 Mha and contribute up to 45 percent in cereals and 75 percent each in oilseeds 
and grain legumes to the national food basket. Table I shows that most of the pulses, 
oilseeds and coarse millets are grown in drylands, and even rice is grown to the extent of 
61.7 percent under rainfed conditions. 

111 



95.5 

Table 1. Percent Area Under Dryland Crops (1978-79) in India. 

Crop Percent Area 

Sorghum 

Groundnut 94.6 

Pulses 92.4 

Chickpea 84.7 

Maize 82.3 

Cotton 78.2 

Rapeseed/mustard 65.8 

Rice 61.7 

Barley 44.0 

Wheat 35.0 

When the production levels over years are considered (Table 2), the droughts of varying
intensities are reflected in reduced production, Inspite of such troughs in production,
certain important points have emerged out of the scenario. They are: 

1) The peaks over progressive years were increasing as was total production. 
2) Similarly, the troughs (lue to drought years also showed considerable improvement. 

These points simply prove that Indian agricultural productivity is improving. 

In order to increase production from 150 to 240 Mt by 2000 A.D., improvements in
rainfed agriculture must be achieved. Irrigation was thought to be an easy solution to theproblem of hunger. However, out of 15 Mha of canal irrigated area in India, at least
10 Mha are affected by waterlogging or salinization. The loss of land due to such
calamity is more 

a
serious in deep black soils. In addition, average yield of irrigated cropsis only 1.4 t/ha whereas it could be 5.0 t/ha. Lands irrigated with groundwater give higher

yields (1.7 t/ha) than those irrigated with surface water (canal irrigated lands) (1.1 t/ha).
The areas using these sourccs of irrigation are about equal. 

Another interesting point is the high cost of major river projects compared to minor
irrigation works. Minor irrigation works cost about one-third of the large river projects on a unit area basis. From an analysis of all these aspects, three things have become clear in 
India: 

112 



Table 2. Peaks and Troughs in Food Grain Production in 
India. 

Year Food Grain Peak Trough Point 

Production Point 

, . ,, ,gt...............
.... .....

1960-61 82.3 82.3 

1961-62 82.4 82.4 

1962-63 80.3 80.3 

1963-64 80.7 

1964-65 89.4 89.4 

1965-66 72.3 72.3 

1966-67 74.2 

1967-68 95.1 95.1 

1968-69 94.0 94.0 

1969-70 99.5 

1970-71 108.4 108.4 

1971-72 105.2 

1972-73 97.0 97.0 

1973-74 104.7 104.7 

1974-75 99.8 99.8 

1975-76 121.0 121.0
 

1976-77 111.2 111.2
 

1977-78 126.4
 

1978-79 131.4 131.4 

1979-80 109.6 109.6 

1980-81 129.4
 

1981-82 133.1 133.1
 

1982-83 127.9 
 127.9
 

1983-84 151.6 151.6
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Scenario of Drylands 

Earlier Efforts in 
Improving Productivity in 
Drylands 

Recent Efforts in 
Increasing Productivity in 
Drylands 

I) Drainage is a must in irrigation projects. 

2) The minor irrigation projects are more remunerative than the major ones.
 
3) The yields are hopelessly low.
 

Under these circumstances, the first priority should be to use the presently availableirrigation water more efficiently and to prevent waterlogging or salinization of the irrigatedlands. The next priority should be to exploit the full yield potential of the drylands. 

The drylands of India are more hungry than thirsty. They are mostly eroded with multipleslopes and their productivity is very low. The ability of farmers in these regions to invest
in modern agricultural systems is poor. The holdings are small (2.00 ha) and scattered.The sources of energy are inadequate-cattle and human. Thus, it would be a monumental
task to increase yields and stabilize them at higher levels in such regions. 

Efforts were made in the mid-thirties to alleviate the problem of low productivity in theselands through establishment of five research centers in various parts of the country. At thattime, the effort was primarily to improve the yields of the exi;ting crops through deep

plowing, application of farta yard manure, 
 wider spacing and clean cultivation. But thesemethods increased the yield only 20 to 25 percent, a level which visible towas not the
 
farmers when the productivity levels were low.
 

Subsequent to this, in the mid-fifties, an effort was made to manage the soil with the
implementation of cnnservation programs and research in soil and 
water conservation.
Eight research centers were established at that time bu: farmers were hesitant to implementnew practices because expected yie!d increases were only 15 to 20 percent. In addition tothe soil and water conservation programs, scientists conducted analyses of rainfall data andcharacterization of growing seasons. It was found out that sonie crops required a longergrowing season ii some areas than in others and, hence, were subjected to the effects of
drought. For example, in the postmonsoon Deccan region, crop varieties of not more than
100 days duration could be grown. It 
was only in the mid-sixties that such genetic materialbecame available through the Crop Improvement Projects of the Indian Council ofAgricultural Research (ICAR). When high yielding crop varieties were made available,great enthusiasm was generated because of the obvious potential for increasing agricultural
productivity in these dryland areas. To meet this challenge and opportunity, the
Government of India sanctioned through ICAR the establishment of the All India
Coordinated Research Project for Dryland Agriculture (AICRPDA) in June 1970 as acollaborative project with the Canadian International Development Agency (Government of
Canada). 
 The Project consisted of 23 Cooperating Centers located in different agroclimatic
regions with a Project Directorate at Hyderabad (see Figure 1). 

AICRPDA is a multidisciplinary effort meant to increase he productivity and stability ofcropping systems in the drylands of India. To achieve this goal the following three
objectives were established: 
1) To identify the best management practices for increasing the productivity of drylands 

by at least 100 percent in the farmers' fields; 
2) To determine the means to minimize yield fluctuations caused by erratic weather 

patterns; and 
3) To conserve and optimize the use of natural resources, e.g., land and water (rainfall), 

at the farm level. 
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Figure 1. Location of Cooperating Centers. 

There are two options which could increase and stabilize production: 

1) 	 Disregard entirely the existing systems of farming and convert dryland agriculture into 
high investment agriculture comparable to irrigation agriculture. 

2) 	 Recognize the constraints and bring about small but critical changes that could easily 
be implemented over large areas. 

High energy systems utilizing costly external inputs in most cases would be unsuitable 
unless they were developed with strong infrastructural support. The use of on-farm, 
internal resources should be maximized wherever possible, and external inputs should be 
used ar critical supplements but not as substitutes. The first concern would be how to 
organize the natural resources available at the fanner level ak'iig with his own internal 
resources to develop an efficient and profitable production system. 
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Low Monetary Inputs The three basic components in rainfed farming are improved management, improved seed
and use of moderate levels of fertilizers. Management primarily contributes low monetary
inputs including tillage, sowing with improved seed, adequate plant populations, timely
weeding, and avoidance of pests and diseases through cultural practices. 

Off-Season Tillage
 

Off-season tillage prior to the monsoon 
season is shown as the first step in achieving the
maximum benefit of other components of the low monetary systems except in areas where
dust storms are possible (sierozemic soils of Northwest India). Off-season tillage helps inearly seedbed preparation and also avoid pests and diseases. Since the plots would be more 
hygienic, weed populations would be relatively less. 

Plant Population
 

Use of adequate plant stands is needed 
 for obtaining increased yields in dryland crops. Theold adage "sow thin for grain and thick for fodder" was true for the local varieties which were tall and selected for perfbrmance at an individual plant level. With the high yieldvarieties and hybrids (HYV/HYB) which are short statured and selected for performance as 
a population. a higher plant density is needed. 

The improed seed-curn-fertilizer drills developed by AICRPDA help to achieve this goal.
The following drills are important: 

S. No. Name of the Ferti-Seed Drill Place of Origin 

1) FESPO plow Single-tyne seeder from 
Hyderabad 

2) Eenati Gorru 'hree-tyne seeder from Anantapur 

3) Ragi ferti-cum-seed drill Six-tyne seeder from Bangalore 

4) Ridger seeder Single-tyne seeder from Hissar 

5) Two-bowl seeder Single-tyne seeder from Solapur 

These are all bullock-drawn seed-cum-fertilizer drills which are easily accessible to the 
farming community in the drylands of India. 

Weed Control 

In the case of weed management, the principle that prevention is better than the cure
should be adopted. If not properly controlled, weeds can remove as much as 30 percent ofavailable moisture and nutrients, leading to substantial yield decreases. While off-season
tillage helps to minimize the weed problem in tomonsoon crops, it is also imperative
remember that for 100-day and 150-day duration crops the first three to five weeks are
important for establishment and for effective weed control; otherwise, yields would 
decrease substantially. 
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Wide row planting and use of blade harrows for interrow weeding are effective weed 
control practices. These low monetary inputs have been thoroughly evaluated at several 
locations in India and results are presented in Tables 3 and 4. 

In the Hyderabad area where the soils (Alfisols) are extremely deficient in phosphorus and 
low in nitrogen, mean response to low monetary inputs was 3 q/ha. Considering that the 
mean la.m yield was only 4.7 q/ha, this response was Jramatic. When the soil fertility 
was iigher, as in Bellary Centre, the response to inputs was striking-6.5 q/ha with the 
farmers' variety compared to 16.5 q/ha with improved variety. In the Indore area 
(Vertisols with high rainfall) a large number of cultivated drylands gave an average of 5 to 
6 q/ha of sorghum grain for a traditional variety and management practices and 10 to 
12 q/ha for an improved variety and low monetary practices. It can be concluded that 

Table 3. 	Contribution of Inputs to Grain Yield of Rainy Season 
Sorghum in Alfisols of Hyderabad. 

Treatments 	 1976 1977 1978 1979 Mean 

q ha-1  . . . . . . . . . . . . . . ......... 	 ......... ... .
 

Farmers' 	 variety + farmers' practices 4.2 6.6 2.1 5.8 4.7 

Farmers' 	 variety + LMIt + fertilizer 12.9 13.5 6.5 11.5 11.1 

HYV + LMI 	 5.1 12.3 4.4 8.8 7.7 

HYV + LMI + fertilizer 16.2 26.1 14.1 22.9 19.8 

t LMI (low monetary inputs) are year-round tillage, early sowing, optimum plant density and weed control. 
t 40 kg N ha-' + 30 kg P,0 5 ha' l . 

Table 4. 	 Contribution of Inputs to Yield of Postmonsoon Sorghum 
in Vertisols of Bellary in 1975. 

Treatments 	 Yield 

Grain Straw 

q ha -1  . . . . . . . ......... 	 ..
 

Farmers' 	 variety + farmers' practices .7.4 23.1 

Farmers' 	 variety + LMIt 13.9 69.1 

Farmers' 	 variety + LMI + fertilizert 16.5 73.5 

HYV + farmers' practices 	 6.7 16.5 

HYV 4- LMI 	 23.2 46.8 

HYV -- LMI + fertilizer 	 27.5 48.0 

t LMI (low monetary inputs) are year-round tillage, early sowing, optimum plant density and weed control. 
t 30 kg N ha' 4- 30 kg P,05 ha -'. 
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unless the soils are very poor in fertility, low monetary inputs can give significant yieldincreases. It is also clear that wben low monetary inputs are combined with high-cost
inputs such as fertilizer, the yield increases are even greater. 

High-Cost Inputs Essentially, the high-cost iiputs include chemical fertilizers, pesticides, tractor power,
runoff management and increased cropping intensity. 

Fertilizer Use 

Use of fertilizers can increase the yield of dryla'd crops. The relative responses of crops 
to N and P205 are given in Tables 5 and 6. 

From the data, it is evident that under normal conditions the response of crops tofertilizers is greater in irrigated cropping systems. However, with the prevalence of smalland marginal farmers in the drylands, at least two important principles have to be borne inmind, i.e., the law of diminishing returns (Figure 2) and the law of the minimum(Figure 3). Simply stated, each law suggests that we should operate in the linear region ofthe response curves in the drylands to maximize net returns and profitability. Balancedfertilizer use is important; however, it is often overemphasized under irrigated systems andparticularly in the drylands. Fertilizers should be used in the dryland regions veryselectively to minimize risk, taking advantage of available water, and to provide basic crop
requirements on a short-term basis. 

Increasing Fertilizer Use Efficiency 

Broadcasting of fertilizer is inefficient. Fertilizers should be placed in and/or near plantrows to increase their efficiency. When placing fertilizer within the row, salt injury ispossible. Not more than 10 kg/ha N should be placed together with the seed in confinedfurrows, while 20 kg/ha N can be placed with broad furrows. Placement of a part of thenitrogen and all the phosphorus along with and/or adjacent to the seed row with thebullock-drawn seed-cur-fertilizer drills would help in reducing energy requirements and 
ensuring healthy vigorous seedings. 

Table 5. Response of 	Rainfed Crops to Applied Nitrogen. 

Crop Fertilizer Level Average Response 

1kg N ha " kg grain kg-1 N 

a) 	 Monsoon crops

Pear millet 
 40 9.2Sorghum 40 26.7Maize 40 15.5Rice 40 20.3 

b) 	 Postmonsoon crops

Sorghum 
 30 14.4Barley 20 22.8Wheat 25 31.0
Safflower 25 15.8
Mustard 20 13.6 
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Table 6. Relative Response of Crops to Phosphorus at 30 to 50 kg 

1P2 0 5 ha " . 

Crop Average Response 

- 1
kg grain kg-1 P205 ha

Sorghum 9.0 

Pearl millet 7.2 

Maize 12.2 

Safflower 3.2 

Mustard 5.7 

Gram 10.9 

Split application of nitrogen fertilizer in the dryland areas is recommended and practiced 
by farmers to obtain greater N use efficiency and to avoid partial N loss if aberrant 
weather should lead to yield reductions and crop failures. 

The basic principle in many of the research programs in India has been to conserve and 
improve the quality of the land through the use of organic wastes and better cropping 
systems with the overall aim of maximizing the economic use of chemical fertilizers. In 
relatively high rainfall areas with a growing season of more than 30 weeks, legumes in 
cropping sequence, including intercropping, can provide upwards of 20 kg/ha N. 

Pesticides 

Early sowing usually provides vigorous seedlings which can more easily cope with pests, 
diseases and weeds. Most of the important pests on crops are weather-dependent, and by 
manipulating the sowing time and/or by selecting suitable varieties, it is possible to 
minimize their impact. For example, the ear-head bug is a problem on sorghum after the 
crop comes to the milky stage during iate August, such as in Alfisols of the Hyderabad 
area. If the crop is sown early, in June, damage by this pest could be avoided. If sowing 
is delayed, then shifting from CSH-5 (I 10-day variety) to CSH-6 (100-day variety) would 
be helpful. 

The problem of parasitic weeds like striga can be overcome by changed cropping patterns 
(shifting to pearl millet) or by using tolerant varieties. 

While there might be instances when pesticides have to be used, they should be used 
carefully and only after proper diagnosis of the problem. 
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Use 	of Tractor Power 

Most farmers in the drytand areas of India use bullocks as the primary source of power 
for preparing the land. However. where possible, the use of tractor power has been 
encouraged for two imponant reasons. First, primary tillage with tractor provides an 
extended period for sowing and also leads to improved land preparation over the 
trditional systems. Second, wced infestation is more easily and effectively controlled with 
tractor tillage. Thus, the Government of India h.as recently initiated some trial subsidy 
programs to provide tractors for primary tillage in certain regions. Tractorized seeding 
would also be very helpful for receding moisture situations in the postmonsoon and when 
deep ploving has to be done either for textural profiles in Alfisols or for weed infested 
Vertisols. 

Runoff Management 

Runoff. Moisture stress is one of the important constraints to crop production in the 
drylands of India. While stormns of high intensity rains are common, the soil profile can 
hold only limited amounts of' water due to soil textural and structural deficiencies, as well 
as water infiltration problems. Thus, frequent and excessive runoff is common. 

The research information from different areas in India shows that runoff is generally 
highest in Vertisols and lowest in sierozemic soils. The average runoff is 100 to 200 mm 
(20 to 25 percent ,'ftotal rainfall) from Alfisols and alluvial soils; 150 to 300 mm (30 to 
40 percent of total rainfall' from Vertisols and 30 to 50 mm (10 percent of total) from 
sierozemic soils. Though this is the gencrai trend of runoff behavior, the runioff at a 
particular time would depend upon the soil cover, the antecedent ;:ioisture in the soil and 
on the soil physical characteristics, particularly at the surface. Thus, the high runoff from 
the black soil regions is mainly due to low infiltration rates of the easily dispersing soils. 
Again, at the start of the monsoon season, the Alfisols are more prone to runoff than 
Vertisols because of more severe crusting. 

Runoff harvesting. There are several possibilities for collection and recycling of runoff 

vater for use by crops: 

I) 	 hisitu water harvesting; 

2) 	 Collection of runoff in dugout ponds for recycling; and 

3) 	 Collection of runoff in percolation tanks, by gully plugging and check dams, for 
recharging groundwater. 

In situ water harvesting. Precipitation enters the soil through the process of infiltration. 
Land configuration becomes important in this process since it determines the detention 
time for the rainwater to enter the soil where it falls. Thus, in situ harvesting is the best 
way of storing rainwater for crops grown in drylands. 

Over the last six to eight years, different land configurations were tested at selected 
research centers of the Project. The following results are relevant: 

1) 	 All land configurations tested gave increased yields of only 15 percent which provides 
little incentive for implementation at the farmer level. 
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2) The most suitable land configuration systems found for different zones are: 

Rainfall Pattern Soil Type System Recommended 

High Vertisols Bed and furrow 
Alfisols Graded border strip
Alluviums Interplot water harvesting 

Medium Alfisols Sowing on grade and ridging later 

Low Alfisols Dead firrow system 
Sierozems Interrow water harvesting 

Runoff collection in dugout ponds. Even though runoff occurs and its collection indugout ponds is possible in most of the dryland areas, this may not be a viable economicproposition unless the water can be harvested and retained for a minimum of four to eightweeks. The pond waters are subject to loss through deep percolation in the soil profile andevaporation into the atmosphere. The percolation/seepage rates are mainly a characteristicor' the soil. In sandy to sandy loam soils, the percolation rates are high (20 to 40 cmweek) and, therefore, without effective sealants, 
per

the water will not be available for morethan three to four weeks. However, with the soil loss that accompanies the runoff, naturalsurface sealing takes place within five to six years. In clay or clay loam soils, water wouldbe retained for longer periods, even without any artificial sealants, since the percolation
rates are low (I to 4 cm per week). 

Artificial sealants have been investigated, some of the promising being: 1) asphalt, 2) soilcement (4:1 or 8:1), 3) polyethylene films; and 4) brick with cement plastering. Eventhough the capital cost for lining with polyethylene and brick with cement is high, thesealant lasts a long time and little maintenance is needed. Therefore, in the long run, suchsealants could K, ,!conomical;yviable. Water losses from small ponds through evaporationare generally low as compared with percolation losses during the growing season. Weeklypotential evapotranspiration does not exceed 25 mm in most areas; however, this loss canbe minimized by reducing the surface area of the ponds. 

Runoff recycling. The nex( crucia! question is how to use the harvested water effectively,efficiently and profitably. Studies conducted in the Dryland Project clearly show that aboutone ton of additional cereal grains be harvested by adding 5 ha cm of water.can About10 ha cm are needed to produce an additional ton of pulses and oilseeds. The economicsfurther depends on the value of produce, and cash crops such as vegetables have a definite 
advantage in this regard. 

Possible ways of utilizing the harvested water have been extensively studied. In most casesthe harvested water can be profitably used for lifesaving irrigation during the crop growingseason. This works as an insurance against a total crop loss, particularly when severe
moisture stress or drought situations occur at critical stages of crop growth. 

Alternatively, the harvested water can also be used to increase cropping intensity in areaswhere the establishment of a second crop becomes difficult due to early monsoon 
withdrawal. 

122 



Although runoff harvesting has been recogn'ized as a means for providing stability to crop 
production in drylands, there are some constraints to this approach. First, the farm ponds 
are costly, especially if" sealants are needed to reduce percolation losses: and, second are 
the location and size of water harvesting ponds. As long as the site is on government land, 
there is n') problem. However, if a farmer's land is involved, then ownership and using 
water for more than one nolding can pose certain problems. 

Recharging groundwater. Another way of water harvesting is by providing percolation 
tanks, gully plugging and check dams in community lands to ensure increased groundwater 
recharge.
 

The dugout ponds, on the other hand, can be made on small individual holdings in most 
dryland areas. The size of the pond should depend on the amount of runoff and catchment 
area. For example, in Aifisols of the Hyderabad area which receive 750 m of total 
rainfall, about 150 mim, or 20 percent of the total, is lost as runoff durng four to live 
rainfall events. Therefore, pond size for a one-hectare catchment is around 250 in3. 
Individually owned ponds are generally more costly (Rs. 2500 to 3000 per ha) to construct 
and maintain despite the advantage of harvested water. These small ponds can be 
profitably managed if the water is used for raising nurseries and for growing cash crops 
such as vegetables. A major handicap in the use of harvested water is the lack of low-cost 
lifting devices, i.e., pumps. However, the sharing of Aater needs to be critically 
evaluated. Lifting w,.ter from small ponds can be done through improved counterpoise. 
Sometimes, stored water can be manually lifted and applied to crops in the adjacent areas. 
Research is still neede_1 for developing suitable portable types of water lifts that small 
farmers can afford. 

Cropping Systems 

In areas where annual rainfall range, "rom 375 to 625 mn and soil moisture storage 
capacity is less than 10 cm, it is preferable to take a single monsoon crop. However, 
when the storage exceeds 20 cm (Vertisols), it is possible to take only a postmonsoon 
crop. When the rainfall is between 625 and 700 mm with a period of moisture surplus, 
intercropping is advcatcd for increasing and stabilizing crop production. In regions of 
higher rainfall and with soils having 20 cm of storage capacity and above, it is suggested 
that double cropping be seriously considered. 

As cropping intensity is increased, the overall plant nutrient requirement is also increased, 
and it may 'hen be necessary to increase the application of nutrients from external sources 
(i.e., chemical ferilizers). 

Intercropping. Systems of intercropping are age-old practices and seek to optimize 
production by taking advantage of the higher rainfall years. In normal years, intercropping 
might also give additional er bonus yields. Some of the more profitable intercropping 
systems developed are given in Table 7. 

Sequence cropping. Sequence or double cropping provides a scope for additional 
Some of the suitable sequences areproduction of the much needed oilseeds and pulses. 

given in Table 8. 

For sequence crapping to be successful early planting of the monsoon crop for early 
so that the second crop can be planted quickly in the postmonsoonharvest is important 

season. This is feasible in areas where temperature transition is gradual and where crops 
do not have high thermal sensitivity. However, in North India postinonsoon crops are 

thermally sensitive, and sowing must be delayed to avoid high temperatures. This causes 

additional risk since moisture deficits are often associated with delayed sowing of the 

postmonsoon crop. 
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Table 7. Some Suitable Intercrops for Different Regions. 

Region System Yield 

Base Crop Intercrop 

q ha- . . . . . . . . .......... ..
 

Bijapur Pearl millet 14. I 
Pearl millet + Pigeon pea 11.6 8.0 

Ranchi Maize 28.6 
Maize + Pigeon pea 28.2 6.2 

Akola Sorghum 33.5 
Sorghum + Mung bean 30.8 

Solapur Pearl millet 18.0 
Pearl millet + Pigeon pea 18.3 17.0 

Hyderabad Sorghum 34.4 
Sorghum + Pearl millet 33.5 5.5 

Rewa Sorghum 25.4 
Sorghum + Pigeon pea 22.8 4.7 

Indore Sorghum 32.7 
Sorghum + Peanut 28.3 7.6 

Weather Aberrations There are at least four important aberrations in rainfall behavior: 
1) The commencement of rains may either be very early or considerably delayed. 

2) There may be prolonged droughts during the cropping season. 
3) There may be spatial and/or temporal aberrations in rainfall. 
4) The rains may terminate earlier than normal or continue for longer periods. 

AICRPDA explored ways and means of stabilizing crop production in drylands by
following contingency plans to deal with such aberrations. The main approaches are: 
1) Choice of suitable crops. 

2) Choice of suitable crop varieties. 

3) Alternative crop strategies. 

4) Midseason corrections.
 

5) Crop lifesaving measures.
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Table 8. Suitable Crop Sequences for Different Regions. 

Region 	 Crop System Yield 

First Crop Second Crop 

q ha-1  ..... ..
 ......... 	 .
 

Samba 	 P r;,,iic-V;'he" 2i.5 24.0 
Fallow-Wheat 33.3 

Dehra Dun 	 Maize-Wheat 38.5 31.8 
Rice-Wheat 43.1 29.9 
Fallow-Wheat 26.8 
Maize-Chickpea 30.3 16.2 

Varanasi 	 Rice-Chickpea 30.2 25.4 
Fallow-Chickpea 35.7 

Hoshiarpur 	 Maize-Wheat 27.3 27.2 
Fallow-Wheat 23.2 
Maize-Chickpea 27.3 15.3 
Fallow-Chickpea 17.0 

Bangalore 	 Cov.pea-Finger millet 8.6 27.6 
Ragi (alone) 26.9 

Akola 	 Sorghum-Safflower 45.4 14.1 

Anand 	 Cowpea-Tobacco 8.2 9.7 

Bijapur 	 Mung bean-Safflower 7.5 10.6 

Indore 	 Maize-Safflower 29.5 10.8 
Sorghum-Chickpea 32.1 13.9 
Maize-Chickpea 35.5 14.3 

Choice of Suitable 	Crops 

Often, certain crops arc grown more for convenience or by convention. This is because a 

farmer's first priority is the production of food for his family and feed for his animals. 

However, the selection of crops that are compatible with a particular environment 
generally leads to increased and stabilized production. For example, the best environment 

for growing rice would be at least an average rainfall of 200 mm per month over a period 

of three months with breaks of not more than seven days in the monsoon period. The soils 

also need to be less permeable. 
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Choice of Suitable Crop Varieties 

Replaccment of the existing local varieties with new high yielding varieties or hybridsprovides a basis for introducing improved crops for drylands. While these new selectionsmay not outperlorm the traditional varieties in low rainfall years, they usually producemuch higher yields during average or high rainfall years. Therefore, a farmer is welladvised to select hybrids and high yielding varicties for dryland cropping systems. 

Alternative Crop Strategies 

Sowing of crops depends ol rain in the dryland areas. Often tilerains may commencequite early or may hc delayed considerably and the crop cannot be sown over thissame 
entii'e period since yields may he reduced because of pests and diseases or a shortergro% ing season. Basic data on crop perf'rmance as affected by different sowing dates andlocations was urgentl,, necdcd hy farmers to provide options and flexibility. Alternate cropstrategics have now been dc\cloped to deal with weather aberrations in all of' the 23regions where Projcct centers arc located. !Lxalplcs of these are lim;ed in Table 9. 

Midseason Corrections 

If moisture stress should occur after tilecrop is growing. .here arc certain options thatcould be employed such as thinning, ratooning or replanting when moisture conditionswere again favorable. For example, thinning of" surghumn by rcemoving every third wasrowfound to be advantageous to mitigate moisture stress in tileDeccan black soils regionunder Rabi (postmonsoon) conditions. These rcsults are shown in Table 10. 

Training An objectivc of the Dryland Project has been iodevcbp methods aid practices that are
technologically viable and economically feasibe for farmers with varied means andresources. The first concern is to improve the farming practices and then to determine 'helevel at which production inputs could be made. Certainly, high-cost inputs could be madeto achieve high potential yields. lowevi.r. with the prevalence of' small and marginalfarmers and the possible risk in dryland crop production systems, it is more logical to
focus on moderate inputs and yield levels. 

Evaluation of' Methods in Technology Transfer 

The Farmers Training Center group of the Project undertook a study to evaluate theimpact of different systems of technology transfer. The results are given in Table 11. 

It is clear that the farmers would accept the technology when I) there is spot guidancemade available and 2) the inputs are supplied at cartable distances. However, training ofthe farmers becomes absolutely essential as technological advancements in dryland cropproduction are made through research. The innovative approach adopted by the FarmersTraining Center is "Learning.'- The farmers are exposed to the improved practices withthree training programs of two days during each preseason, midseason and 
postseason/harvest periods. 

Resource Conservation Dr. W.C. Lowdermilk once said, "The use of land is a down-to-earth index of a
civilization, for land has been the silent partner in the rise and fal of civilization."' Today,there is a growing realization that poor soil and water management is a,serious constraintto achieving higher crop yields. Deforestation. overgrazing and increased croppinginicnsity on marginal lands, bunding without vegetative cover and othe; impropermanagement practices are causing increased Runoff, reduced groundwater recharge and 
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Table 9. Alternate Cropping to Deal with Weather Aberrations. 

Soil Alternate Crop Strategy
 
(Region)
 

Normal 	 Delayed 

I. 	 Chota Nagpur I Rice I Transplanted finger millet 
(Ranchi) 2 Finger millet 4 2 Maize + pigeon pea 

pigeon pea 
3 Groundnut 3 Rainy season potato 

2. Deccan I SorghLu I Sorghum (fodder) 
(Bellary) 2 Safflower 2 Safflower 

3 Chickpea 

3. 	 Alluvial I Rice I Rice (short-duration) 
2 Maize 2 Peaii millet 
3 Pearl millet 3 Blackgram 
4 Blackgram 4 Greengram 
5 Grcengram To be followed by chickpea 
6 Sesame 
To be followed 
by chickpea 

4. 	 Rainy season I Sorghum I Cotton 
black soils 2 Pearl millet 2 Castor 
(Rajkot) 3 Groundnut 3 Sesame 

4 Cotton 
5 Castor 

5. 	 Rainy and post- Sequence cropping: Intercropping" Sor,,hum + 
rainy season Maize or soybean pigeon pea: sorglhuiii + soyban: 
black soils to be followed by safflower alone in early 
(lndore) safflower or postrainy season if monsoon 

chickpea 	 is further delayed 

6. 	 Sierozem I Pear! millet I Transplanted pearl millet 
(Hissar) 2 Greengram 2 Greengram 

7. 	 Submontane Short-duration rice Transplanted rice or Sathi 
or maize (hybrid) maize followed by chickpea, 
to be followed by mustard in September 
wheat or chickpea 

severe soil erosion. All these lead to soil degradation, low yields, flooding of lowlands and 
sedinentation of small tanks and reservoirs. In India, the per capita land availability was 
0.33 ha in 1951. It has decreased to 0.29 in 1971 and is expected to decrease to 0.18 ha 
by the year 2000. 
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Table 10. Effect of Thinning on Yield of Sorghumi (Bellary). 

Thinning Grain YieldSystem
 
1974-75 1975-76 
 1977-78 1978-79(Subnormal) (Above Normal) (Subnormal) (Above Normal) 

....................... q ha-1 
 .......................
 

Original
population 15.5 24.2 5.4 24.9 

Third 
row removed 21 . 1 20.2 9.2 23.3 

Table 11. Evaluation of Methods in Technology Transfer. 

Systen 
Average Yield of 
Sorghum 

q ha - I 

Traditional 
7.4
 

Training 

12.7 

Training + inputs at cartable distance 14.8
 
Training + 
inputs at cartable distance + spot guidance 28.8 

Soil Erosion 

Soil erosion is a serious problem in India. It leads to loss of topsoil, siltation of reservoirsand even disasters like landslides. During 1951 to 1983. an additional
brought area of' 24 Mha was
under cultivation. However, most of this is marginal land where soil erosion is a
serious problem. The area lost due 
 to deforestation in the same period was 4.3 Mha.Studies have shown that at least 58. I Mha of arablc lands are subject to soil erosion witha loss of 5.0 t/ha per annuni. Most of the money being spent for soil and waterconservation programs in the coum(-y has essentially been devoted to building mechanicalstructures that mninilmuize soil loss from cultivated lands and promote tUni fbrni waterconservation for increased yields. However, the net benci-t that accrued from this programwas very low, mainly because the faIrmer was not considered a partner due to his limitedresources. Efforts by AICRPDA have made it clear that the dryland areas of India arecapable of producing 300 to 400 percent niore Food and f'iber than is currently being (lone.Once the farmer becon, s avare of this, it iiiight be easier to involve hirii in conservingthe natural resource base (i.e., soil, water, forests) for posterity. Certain simplifiedprocedures like key-line farming, use of existing waterways and varied intervals betweenbunds, should be adloptcd to involve the farmer and to make him more aware of theprinciples of soil and water conservation. 
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The Future 
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(1.5 t/ha) 

Note: Map not to scale 

Figure 4. Potential Barani Wheat Areas. 

To meet India's evergrowing need for food, drylands must be fully exploited. Efforts 
should be made tco orient the production of different crops in their potential areas. 
Examples of such potential areas for wheat, groundnut, safflower and sorghum are given 
in Figures 4, 5 and 6. These are based ol the potential and actual yields that have been 
obtained/reported in v'riou,; experiments and reports. 

However, there is an ecological crisis of production from the land due to the relative 
competition for different production objectives, especially food, fiber and fIel. Production 
objectives are based on economic imperatives. For example. in India about 0.8 Mha of 
medium to shallow hlack soils which were earlier devoted to sorghum have now been 
shifted to sunflower. Similarly, about 1.0 Mha mediumt to deep black soils have gone from 
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Note: Map not to scale 

Figure 5. Potential Groundnut Areas. 

sorghum production to soybeans. Pigeon pea is also replacing sorghum in many other areas. For that matter, even irrigated rice areas are now going toward cotton. Even goodlands (Class I & II) are going to tree farming, particularly eucalyptus, in several states.All of these trends, sone of which are just beginning, are based on economicconsiderations. However, there is concern that if the trend continues, there eventuallycould be a shortage of cropland for production of food grains. In the future, it may benecessary to consider subsidies to ensure ft stable cropland base for food grain production. 
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Figure 6. Potential Safflower Areas. 
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An Overview of Land and Water Conservation andManagement Under Rainfed Agriculture in Sri Lanka 

H. Somapala 
Land and Water Use Division, Department of Agriculture,
Peradeniva, Sri Lanka 

ABSTRA CT. Shifing cultivation (chena practice) was the traditionalmethod of cultivationof unirrigatedhighlands that was practicedin the sparselypopulated dry zone of Sri Lanikauntil recently. It has long been recognized, however, that this traditionalpractice musteventualv be replaced with a less exvploitive, more scientific and pernanent type ofagricultureif the basic fiod and fiber requirements of the country are to be realized.Consequentlv, field and laboratory studies were undertaken to investigate the possibility ofsetting up1economicallv viable and stable unirrigatedfirms in the dry zone of Sri Lanka.7through long-term etiensive studies, continuous progress has been mnade in incorporatingthe knowledg'e and experience gainedfiom this research. 7he results are convincing thatviable upland unirrigatedsmall fitmit units can be operated successfidlv. However, theinnovations made so far are basically related to land conservation measures at the macrolevel, andflitriherstudies are needed to develop effective practices at the micro (on-ftirm)
level. 

Introduction Shifting cultivation, locally known as "chena" or 'hena," was the slash and burn type ofrainfed highland farming practice that was popular among Sri I.ankan peasants untilrecently. Rainfed homestead, which is grown largely to perennials of horticultural anddomestic interest, was the exception, especially where supplementary irrigation is used. 

Emphasis on the need t(; substitute the rainfed chena system with a more stable andscientific system was, for the first time, officially made by the Director of AgricultureF.A. Stockdale in 1926. Stockdale's acquaintance with (a) the success of rainfed (highland)farming in some parts of India, where the rainfall was considered less favorable for dryfarming than in Ceylon an'i (b) the success of experimental cotton plantings in several dryareas on the island convinced him that systematic highland-rainfed cultivation was equallyfeasible in Ceylon and India. Eventually, the ill effects of the chena practice becameobvious and it was imperative to conduct investigations on replacing the chena system witha more acceptable system of cultivation. Difficulties related to the control of weeds, thesystem of land tenure, the liberal policy for clearing and cultivation of government-ownedforest land, and the farmer's traditional practices were the main issues to be considered if a settled, permanent system was to replace shifting cultivation. 

During the early years of this century, chena was largely practiced within the NorthCentral Provinces of the island, probably because the thinly scattered village settlers whocultivated a small acreage of paddy under a village tank or pond could easily acquire afew acres of Crownland for their chena practice from the sparsely populated territory.Also, the chena practice was the traditional method of cultivation on unirrigated plots. 

A Permanent Rainfed 
Agriculture to Replace 

The wide exposure of the North Central and Southern Provinces to the chena practice andthe availability of state-owned
Shifting Cultivation forest lands within the territories for planned agriculturefocused special attention on the possibility of establishing rainfed agricultural settlements in 

these regions. The extent of agricultural development in the wet, intermediate and dry 
zones of Sri Lanka (Figure 1) is shown in Table I. 
The availability of land for settled agriculture was determined after a land suitabilityevaluation. This required consideration of soil and water conservation measures becausethere was no previous experience with continual cropping of highlands (evel1 on smallparcels of land) for more than three to four years under rainfed conditions in the North 
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Figure 1. Broader Climatic Zones in Sri Lanka. 
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Table 1. Land Area, Population and Development by Zones in Sri

Lanka (Sri Lanka Country Study on Rural Employment

Promotion. Geneva, ILO 1975). 

Climatic Acreage Tota' Area Developed Developed
Zone Population Landt 

acre x 106 ............... % ...............
 

Wet 3.8 23.2 55 70 

Intermediate 2.2 3.3 20 49 

Dry Arid Zone 10.3 63.5 25 -

Total 16.3 100 100 

t Permanent cultivation. 

Central and Southern Provinces. There was concern that physical and chemical properties
of the soil on the newly cleared lands would deteriorate rapidly through accelerated soil 
erosion (Joachim and Kandiah, 1984). 

The gently sloping lands and the lower total annu'l rainfall of the North Central and
Southern Provinces are generally more conducive to settled annual crop production than

the wetter areas with steeper slopes (see Tables 2 and 3). The annual runoff percentages

shown in Table 2 would also tend to support tt - intuitive selection of lands for settled
agriculture (Ailes, 1958). According to a broad climatic zone classification, these lands are
included in the dry zone (Figure 1). Thus, for a long time, rainfed farming in Sri Lanka 
has been referred to as "dry farming." 

To ensure the successful development of a stable agriculture, experimental data were
needed on: 1) the size of rainfed farm that could be managed by a single family unit,2) the notential income from a farm of manageable size, and 3) whether the fertility of the
soil could be maintained over a long period of continual rainfed cultivation. Consequently, 
a preliminary field experiment was started in 1933 to collect the necessary data. The
location of this experiment was Kurundankulama in the North Central Province, about 
5 miles from the Provincial capital of Anuradhapura. 

The annual rainfall at this location is between 55 and 60 inches, of which approximately
30 to 35 inches is received from mid-September to late December, and 10 to 15 inches
from mid-March to the end of April. Soils at the site are representative of the major soil 
group found in the North Central and Southern Provinces, and are now classified as 
Reddish Brown Earths (Alfisols). The topography here is undulating. 

The experimental rotational fa: .,g scheme, where each beneficiary farmer cultivated a 
ten-acre allotment, gave promising results (Jinendradasa, 1948). Tentative conclusions 
were: I) settled agriculture could replace the chena practice in the North Central Province
of Sri Lanka if proper mechanical measures for soil and water conservation and crop
rotations are adopted, 2) the lower areas of the soil catena could not support a healthy
highland crop if poorly drained conditions prevailed for relatively long periods during the 
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Soil Problems and Land 
Capability 

Table 2. Sonie Land and Climatic Features of Sri Lanka. 

Climatic Annual Annual Annual Terrain 
Zone Rainfall Effective Runoff 

Rainfall 

......	 %.........i.......
 

Wet Zone 100-200 > 40 17-84 	 Rolling, hilly, 
mountainous 

Humid Zone 75-100 0-40 47-67 	 Undulating, rolling, 
hilly 

Dry Zone 50-75 0-40 25-47 	 Flat-undulating, 
rolling, hilly 

Arid Zone <50 <40 0-12 	 Flat-undulating 

main rainy season, 3) land preparation and possibly some other agricultural practices 
would have to be done exclusively with machinery which would facilitate the complete 
cropping of the ten-acre allotment during the season, and 4) the construction of broad
based, graded bunds with a shallow drain on the upperside, spaced at 100- to 500-foot 
intervals, was the mechanical soil conservation measure then recommended, but 
subscquently replaced after further experimentation 

The soil problems associated with continued cropping of the same unit of land for a 
relatively long period, using tillage primarily as a weed control practice, had to be further 
evaluated. The effect of the natural hydrolcgic cycle oi. different phyiographic units of the 
landscape had to be considered prior to the formulation of crop rotation recommendations 
specific to land units. Also, crops acceptable to the new environment had to be identified. 
For those reasons the Dry Zone Research Institute (DZRI) was established in 1948 at 
Maha Illuppallama, about 20 miles south of Anuradhapura (Abeyratne, 1956). 

Land capabi!'ty classification needed for the North Central Province and for similar parts 
of the dry zone evolved within a short time after the establishment of the DZRI 
(Sirimanne, 1958). In addition, soil studies of direct relevance to unirrigated highland 
farming were undertaken. Three morphologically distinct drainage classes of special 
significance to upland crop performance were identified. A unique pattern of soil water 
release was detected where 80 to 85 percent of the total available moisture is released at 
one bar, a relatively low soil moisture potential. These observations were made with 
reference to rainfed highland farming during the early years after the establishment of the 
Institute (Panabokke, 1958). 

The role of pasture in the overall development of the dry zone landscape was evident from 
research on the introduction of pasture as a rotation crop that was well-suited to the 
imperfectly drained lands (Fernando, 1958). Crops that were acceptable to the cropping 
sequences in the dry zone and of specific economic importance to its farmers were also 
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Table 3. Mean Annual Rainfall, Erosivity and Elevation for 
Selected Locations in Sri Lanka. 

Location 

Dry Zone 

Hanbantota 

Mannar 

Kankasanturai 

Batticaloa 

Anuradhapura 

Wet Zone 

Katunayaka 

Colombo 

Gallc 

Ratnapura 

Katugastota 

Badulla 

Watawala 

Nuwaraeliya 

Elevation 

I% 

18 

3 

6 

6 

91 

6 

6 

21 

50 


457 

677 

994 

1880 

Mean Annual 
Rainfall 

mt 

10(X) 

950 

1100 

1500 

1300 

2000 

23(X) 

2300 

3200 


2000 

1800 

4000 

1700 

Percent Mean Annual 
Erosive KE > I$ 
Raint 

J tons v 10 2 acre 1 

43 172 

56 211 

55 242 

65 378 

56 203 

64 492 

53 566 

62 561 

56 706 

47 361 

27 195 

33 513 

4 27 

t Erosive rain includes all rainfall with intensities exceeding I in h-1 (25 mm h-1).
f KE > I represents the kinetic energy for all stonns defined as erosive (i.e., with intensity exceeding I in h- 1). 
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Soil and Water 
Conservation Research 

identified and introduced within a few years after the establishment of the Research 
in..-utc (, Abeyrtne, 1956). Crop selections made at the DZRI such as M.I. varieties 
of chili and mung bean continue to be the varieties most acceptable to farmers throughout 
the dry zone. 

The ideology which evolved through the years at Maha Illuppallama was tested on the 
Yoda Ela Dry Highland Farming Project. Highland farming as practiced here gave more 
emphasis to animal husbandry. The results from this Project were convincing that three- to 
five-acre allotments of highland/rainfed cultivated land in the dry zone could be 
economically viable uwits. However, the farmers involved in this program became rather 
unhappy because the), lacked paddy land with irrigation facilities that were enjoyed by 
other farmers at the lower end of the catenary sequence. Consequently, most of these 
farmers eventually left the Project. However, those farmers which remained appear to be 
fully satisfied with the success they have made and con inue with the same enthusiasm they 
had when the Project began. 

The soil and water conservation methods employed both at the Maha Illuppallama 
Research Institute and at the Yoda Ela Dry Farming Project are graded bunds (narrow
based type) with a grade of approximately 1/250-1/500 (see sketches 1, 2 and 3 in Figure 
2). The maximum spacing between bunds is 100 feet depending on the main slope of the 
land. The natural slope here is generally between three and five percent. 

A modification of the Yoda Ela system was evaluated by another agricultural extension 
oriented project, i.e., the CIDA Dry Farming Project, where the Project beneficiaries 
owned a plot of paddy land under a minor tank, together with a settled block of rainfed 
highland. In addition, these farmers also had the privilege of cultivating a chena plot. The 
project sites were located in close proximity to the Dry Zone Research Institute which is 
now known as the Regional Research Center. This Project confirmed the feasibility of 
replacing the chena practice with the settled highlands rainfed farming system. 

The CIDA Project Staff had also attempted to solve some problems related to farm power 
and tillage implements. Efforts were made to identify possible ways of reducing soil 
evaporation. Although positive effects of mulches have been observed at different locations 
with respect to the general performance ol crops, the purely agronomic nature of the trials 
undertaken has not established observedwhether tlh, better growth is the result of reduced 
evaporation of water or temperature effects related to the mulching treatment. 

The Muthukandiya Dry Zone Project. a joint venture between Sri Lanka and the 
Australian Government. is a current ongoing project where the highland culture in a part 
of the six-acre block allotment has Lhe facility of a small farm pond. The dimension of this 
pond isabout 25 to 30 feet in diameter and about ten feet deep. It has a storage capacity 
of aboui 20,000 gallons. Runoff collected during the main rainy season is the source of 
water for the pond, which provides for the irrigation of crops grown nearby. The farm 
ponds are interconnected so that excess water from the pond at a higher elevation can be 
conducted to ponds situated at lower elevations along the waterway. This Project, which is 
located in the southeastern part of Sri Lanka, is apparently located in an environment 
distinctly different from that of the North Central Province environment. The experience 
thus gained indicated that this Project appears to be successful. However, further 
observations over a longer period are needed before this system is extended to similar 
adjacent areas. 
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Sketch 2. Narrow-Baed Graded Bund at Yoda Ela and Anuradhapura. 
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Sketch 3. Narrow-Based Graded Bund In a Pond System at Muthukandlya. 

Figure 2. 	Sketch Diagrams of the Various Mechanical Soil 
Conservation Measures Employed. 
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The other related project currently functioning in the North Central Province is the 
Anuradhapura Dry Zone Agriculture Development Project assisted by the Asian 
Development Bank. Here, the goal is to settle 4000 farm families, with each family 
receiving a onc-acre paddy block under a village tank, and a three-acre parcel of 
unirrigated highland from a single block located within close proximity to the village. 
Mechanical soil conservation measures and the road network at each village settlement are 
developed as a centralized effort. The features used here consist of graded terraces with a 
grade of 1/250 and an interval of 50 to 100 feet depending on the slope. The maximum 
length of a single graded bund is usually not allowed to exceed 1000 feet. 

It is now apparent that settled annual crop production in the dry zone could be a successful 
economic venture, especially if rapid soil degradation could be controlled by improved 
farming methods. Soil deterioration from arable farming may not be severely limiting 
(Table 4): however, the main problem is soil moisture con';ervation on agricultural lands. 
Statistically valid data is lacking on soil moisture cycle interaction with dry farming 
practices at the farm level. 

Table 4. 	Changes in Soil Composition Under the Chena System of 
Cultivation. 

Adjoining Jungle After After After After 
Jungle Before Burning Ist 2nd Five Years 

Clearing Crop Crop Recupera
tion 

. .... ... .	 % .... ...... ........o ~o .
o .o........... ........ 	 oo 


Site 1 

Moisture 	 4.29 4.55 4.36 3.38 2.15 3.18 

Organic matter 5.45 4.52 4.40 3.91 3.63 3.99 

Total replaceable 
bases (meq/100g soil) 20.98 20.26 25.64 20.24 20.42 19.00 

Reaction pH 7.0 7.0 7.4 7.6 7.7 7.4 

Site 2 

1.97Moisture 	 1.96 2.08 2.06 1.57 1.13 

Organic matter 2.64 2.38 2.28 2.13 1.94 2.72 

Total replaceable 
bases (mcq/100g soil) 11.43 12.37 11.13 10.19 10.29 11.21 

Reaction pH 7.3 7.4 7.4 7.4 7.4 7.3 
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ABSTRACT The relttionships between soils and the water they contain are highly complex
anhd haveia major influence on soil and crop mnmagenwnt decisions and on crop yields.Therejore, a know'ledge of soil water status is imaportant fo" mtking decisions relative tocrol production. In this report, various a.w)cts of soil water status, along with techniques
fbr detervaining the plant 111ter e.traction limits, determining fiel soil water contents, and
recontntemdationsfir technolo,'vy tran',fr and fiurther research, are discussed. 

Relationships between soils and the water they contain are highly complex and have a 
major impact on crop management and production. Numerous articles have been published
pertaining to soil-water relationships. Most, however, are outside the scope of this report.
For this report, we emphasize the (1) importance of knowing the status of water in soils(amount, availability. distribution mov,'ment, etc.). (2) techniques for determining or
establishing soil water limits, (3) techniques tor (Ictermining soil water contents under field
conditions, and (4) recommendations regarding agrotechnology transfer and research that 
are needed to more efficiently use available water resources for crop production. 

In this report, the soil water Status refers to the aniount, availability to plants, distribution
with depth, distribution throughout the year, and movement of water in the soil profile.
information about these factors is required for effective management of rainfcd and
irrigated crops Lecause these fiactors influence, among other things, what crops can be
 
grown, when they can be grown, 
and what yields can be expected; crop response to
fertilizers: and timing of cultural operations. As crop management intensity increases, as
with the use of irrigation, fertilizers and improved cultivars, this knowledge becomes even more important for economical crop production. For example, applying little water ortoo 
fertilizer could result in limited yields; applying too much could result in losses of

nutrients fom the soil and, consequently, 
 also result in limited yields and inefficient crop

production.
 

The total amount of' water that a soil can hold is influenced by such factors as its texture
(sand, silt and clay content), organic matter content. 
 buik density (including soil structure),
profile development, depth and coarse fragment content. Some water may drain freely
from the soil; other water may be held at energy levels at which it cannot be extracted byplants. The upper limit of water available to plants is termed field capacity (FC) and the
lower limit is termed the permanent wilting point (PWP). Water in the range between the
limits is termed plant available water (PAW). The classical (historical) definition of PAW
is largely inadequate from a theoretical viewpoint because FC does not exist due to
continuous water movement (drainage) and PWP is bo:.- i plant and soil related property
(Hardner, 1968). Nevertheless, PAW has been widely used and it does convey some 
practically important information for soil water management. 

Water distribution with depth in a soil profilc has a marked influence on its availability to
plants. Crops extract PAW from throughout the zone into which roots penetrate. Shallow
rooted crops cannot extract water from deep in the soil when only a few roots penetrate tothe deeper depths. Deep-rooting crops must have PAW in upper soil layers during early
growth because roots do not grow into through dry soil.or 
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The distribution and amount of water in soil throughout the year is strongly influenced by 
distribution of precipitation. Soil water contents are highest immediately after precipitation, 
then decrease with time, initially due to drainage and, subsequently due to plant water use 
or evaporative loss. 

The water retained in soils at matric potentials of -0.33 and -15 bars (-33 and -1500 kPa) 
is often used to represent FC and PWP, respectively. These values are useful lanoratory 
approximations for establishing limits, but they are not precise and must be defined when 
used in a quantitative sense (Gardner, 1968). The lower limit (PWP) is generally 
applicable to all soils. The -0.33 bar value is generally applicable for the FC of fine
textured soils; for coarse-textured soils, a matric potential of -0.05 to -0.10 bar is often 
considered to be more appropriate. 

The matric 	potcntials indicate the energy by which water is retained in soils, but give no 
indication of the amount of water retained. The amount of water retained in soil is 
strongly influenced by its texture (sand, silt and clay content) as well as other soil factors 
such as coarse fragment content, organic matter content and bulk density. Soil salinity 
affects water availability by decreasing the osmotic potential in the soil water solution 
against which roots inusi work to extract water. 

Soil Texture Effect on Water Retention 

A generalized illustration of the relationship between soil texture and soil water holding 
capacity is 	 given in Figure 1. The water is retained in relatively large soil pores for 
coarse-textured soils (sands) and small pores for fine-textured soils (clays). Large pores 
drain more 	freely than small pores. Consequently, the amount of water retained at PWP 
and at FC generally increases with increasing amounts of silt and clay (line particles) in 
the soils. Soils having loam or light clay textures retain almost as much water as those 
with silt loam textures. 

30 

oc 

"E
 

SNot 	 available to plants 

Mu C: 	 OuI iUP COu 

29 -J 0C. C.0)i 

Soil texture 

Figure 1. 	Typical Water Holding Capacities for Soils of Different 
Textures (From USDA, 1955). 
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Data in Table I illustrate the effect of soil texture on PAW retained at FC and on percentof PAW retained above and below a matric potential of -I bar. These data clearly showthat sandy soils retain less water than soils with higher clay content and retain most oftheir water at high matric potentials (>-I bar), whereas clay soils retain most of (heirwater at lower matric potentials (<-I bar). This is further illustrated in Figure 2 by soilwate,' characteristic curves, which show the relation between the water content and matric
potential for several soils of different texture. 'I. e silty clay soil retained about11.6 percent water between --0.33 and -15 bars matric potential. For the same range, thesandy loam and sandy soils retained about 13 and 4 percent water, respectively. Even by
using -0. 10 bar as FC for the sandy soil, it retained only eight percent water in the
available range. Consequently, 
 such sandy soil would retain only 8 cm of PAW to a 100 cmn depth and would need to bc repleni!;hed with water by precipitation or irrigation morefrequently to avcid plant water stress than the loam and clay soils, which have greater
storage capacities. Not only would more frequent replenishment be needed for the sandysoil, but the amount needed at each application would he less because of the limited
storage capacity. Applications exceeding the storage capacity would result in percolation
losses of water and leaching of nutrients, which could limit crop yields. 

Organic Matter Effect on Water" Retention 

Increases in soil orga c matter content generally result in increased water retention by soilwith the increases being greater for coarse- than for fine-textured soils (Jamison, 1953).
The benefits of increased organic matter in coarse-textured (sandy) soils result from

diluting the inorganic material with the organic ma,. r which has a greater 
water retentioncapacity. The benefits in fine-textured soils result mainly from improved soil structure,which reduces soil crusting and surface scaling, permits greater water infiltration and
increases root proliferation throughout tl', soil profile, thus allowing plants to use soil
 
water more effectively.
 

Table 1. Effect of Soil Texture oi Plant Available Water
 
(PAW) at Field Capac .y (FC) and on the
 
Percentage of PAW Retained at a 
Matric
 
Potential of -1 Bar (Ad 
 pted from Black, 1957). 

Soil Texture PAW m- 1 Soil PAW 
at IC 

Above -1 bar Below -1 bar 

m ........
 

Coarse sand 37 95 5 
Very fine sand 108 78 22 
Very line sandy loam 157 64 36 
Silt loam 177 43 57 
Silty clay 213 18 82 
Cla" 233 22 78 
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Figure 2. 	 Water Retention Curves Showing the Relationship
Between Water Content of Soil Cores as the Matric 
Potential Decreases From 0 to -15 Bars (Redrawn from 
Richards, 1955). 

Although organic mattei has a greater effect on sandy soils than on clay soils (Januison 
1953), Urger (1975) obtained significant (P = 0.001) relationships between water 
retention at FC and PWP, and organic matter content of soils that ranged in texture from 
sands to clays by using regression techniques. The results showed that PAW increased 
about 1.8 percentage units for each percentage unit increase in soil organic matter content 
when organic matter content, soil oulk density and soil clay content were used in the 
regression equations. Such an increase would be relatively small for fine-textured soils, but 
could have a na jor influcce on water retention by coarse-eKtured soils. Increasing soil 
organic matter content is difficult. However, returning most or all residues from well
managed, high-residue crops should maintain or gradually increase the soil organic matter 
content (Allison, 1073) and. thereby, increase soil water retention. Possibly of greater 
importance would be the effcct of organic matter on maintaining surface soil structure 
stability, thereby enhancing water infiltration and resulting in favorable conditions for plant 
establishment and growth. 

Bulk Density Effect on Water Retention 

The effect of soil bulk density (encompasses soil structure) on water retention is variable 
and is influenced by soil texture. Because water is retained in soil pores, bulk density 
affects water retention through its relationship to porosity and pore size. Increasing the 
density of fine-tvxtured soils through compaction reduces their porosity and, consequently, 
their capaci:y to retain water. In conh ast, coarse-textured soils have large pores that retain 
little water. 	By increasing the density of coarse-textured soils, total pore space is reduced, 
but the amount of fine pore space is increased, thus increasing the capacity of the soil to 
retain water. Compacted soils, however, may not be penetrated by roots and, thus, less 
total water may be available itu plants. 
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Salinity Effect on Water Availability 

Soil salinity refers to the presence of soluble salts in the soil. The effect of salts ismanifested through the osmotic potential of soil water. The osmotic potential has littleeffr ' on water movement and the matric potential of the soil. Its major effect is on uptakeof water by plant roots. To extract water from soils, plants must counteract the total soilwater potential, which includes matric and osmotic potentials. Because these potentials arebasically additive, plants can extract more water from soils having a high osmotic potentialthan from soils with a low osmotic potential. Consequently, if the osmotic potential of thesoil solution is -3 bars and the matric potential is -3 bars, then plants would have the samedifficulty extracting water from this solution as they would if the soil contained pure water(zero osmotic potential) at a matric potential of -6 bars (Russell, 1961). This implies that
saline soils hold less PAW than similarly textured soils that are not saline. 

Soil Water Movement 

Water movement in soil includes the processes of infiltration, redistribution in the profile,drainage or percolation, uptake by plants, rise from a watertable and evaporation from thesurface. In all cases, movement results from a water potential gradient with water movingfrom areas of high potential to areas of lower potential (higher potential) to soil at I bar 
potential (lower potential). 

Water movement by the various processes has been widely discussed in the literature.
Some of these processes occur simultaneously in a soil and the relationships are verycomplex. For this report, however, only brief comments are made about each process. A 
more detailed discussion can be found in Hillel (1982). 

Infiltration 

Infiltration is the process of water entry into a soil. It occurs when precipitation orirrigation provides free (liquid) water at the surface. The rate of water infiltration iscontrolled by soil conditions at the surface and within the profile. For rapid infiltration,
the surface must permit rapid entry of water into the soil. This occurs when stableaggregates at the surface maintain open pores through which water can enter the soil.Unstable aggregates disperse when wetted or when raindrops impact, resulting in surfacesealing and rapid declines in water infiltration rates. Crop residues on the surface intercept
falling raindrops, thus reducing their energy, minimizing soil dispersion and, thereby,
maintaining high infiltration rates. 

Subsurface conditions that influence infiltration include soil tcxture, porosity (density),restricting layers and antecedent water content. Infiltration is also decreased as soilporosity decreases (density increases) because the number and size of water conductingpores decrease. Because coarse-textured soils have larger pores, infiltration is usually morerapid into them than into fine-textured soils. Infiltration may be greatly restricted by
dense, impervious layers in the profile. Although infiltration may be rapid into a dry soil,infiltration in the same soil may be slow if it is wet because of a lower hydraulic gradient.For swelling clay soils, infi%:ation may become extremely low when the soil is wetted
because of reduced hydraulic conductivity. 

Redistributon 

Although occurring simultaneously with infiltration, redistribution of water in the soilprofile continues after infiltration ceases through drainage or percolation, uptake by plants,evaporation from the surface and rise from a watertable. Redistribution occurs in responseto soil water potential gradients, and the water moves toward a state of equilibrium 
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Establishment of Limits 

throughout the soil-water system. For a natural soil system, however, equilibrium is never 

achieved because of continual additions or losses of water. 

Drainage and Percolation 

Drainage and percolation involve removal of free water from the soil profile. Drainage 
water moves in response to the force of gravity, mainly in large pores, and is that water 
held between saturation and FC. The water may move to a drainage system (ditches, 
canals, etc.) for discharge into streams or to an underground watertable. A watertable near 
the surface can supply water to plants if it is not too saline. 

Uptake 

Growing plants extend their roots into moist soil and extract water. Because of soil water 
potential gradients resulting from water extraction, water also moves from wetter soil to 
plant roots in drier soil. The movement is mainly by unsaturated flow. Under unsaturate.i 
conditions, large pores are filled mostly with air and small (capillary) pores are filled with 
water and some air. At high matric potentials (greater than about -0. 1 bar), unsaturated 
flow is greater in coarse-textured (for example, sandy loam) soils than in finer-textured 
(clay) soils. At lower matric potentials, the trend is reversed (Brady, 1974). In addition to 
unsaturated flow in response to extraction by plants, soil water also moves in the vapor 
phase. Such movement probably is not great when the water content is within the optimum 
range for crop plants. However, it may be of importance in supplying water to drought
resistant desert plants that can exist at very low soil water levels (Brady, 1974). 

Rise from Watertables 

When underground watertables lie sufficiently close to the soil surface so that plant roots 
extend into or near to them, plants can obtain water from the underground sources. For 
roots growing into watertables, little water movement in the soil occurs. However, for 
roots near the watertable, water moves to the roots by unsaturated flow through capillary 
rise of water and as vapor flow. The height of rise is usually greater with fine-textured 
soils if sufficient time is allowed and the pores are not too small. For sandy soils, the 
adjustment is more rapid, but the height of rise is less because water does not rise as high 
in large pores as in the finer pores of fine-textured soils. The effects of soil textures and 
time on movement of water from a watertable as illustrated in Figure 3 (from Brady, 
1974). These results suggest that sandy soils could provide water more readily to plants 
than loam and clay soils, provided that the watertable was a reliable source of water and 
the roots extended to near the watertable. 

Evaporation 

Soil water evaporation is the vapor movement of water from the soil to the atmosphere. It 
involves either water initially at the surface or soil water that moves to the surface by 
unsaturazed flow or in the vapor phase. Many factors affect soil water evaporation, and 
research has been conducted to determine methods for controlling it. In general, 
evaporation can be decreased by reducing the energy for evaporation, reducing vapor 
transfer from soil to the air, or by reducing water flow (liquid or vapor) to the site of 
evaporation, which may be below the surface. Where water excesses cause problems,
evaporation would be enhanced by increasing the above factors. 

Many techniques have been used to describe and define PAW, any of which may be useful 
depending upon the application desired. It is important to remember, no matter what 
technique is used to measure PAW, that the availability of water to plants is not a static 
characteristic of the soil, but is affected by many plant and environmental factors as well. 
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Figure 3. Upward Movement of Water from a Watertable 
Thriugh Soils of Different Textures and Structures 
(From Brady, 1974). 

Satisfactory utilization of soil water depends root development and extension throughouton 
the profile. If conditions a'e not favorable for root development during the vegetative
period, then soil water will not be completely exploited during dry periods later in the 
season. The evaporative demand can at times exceed the ability of the soil to transmit
water to the roots or the roots to absorb water, regardless tf the amount of water in the 
soil. In this case, the water stress suffered by the crop wou'2 not be limited by soil water 
content, but be induced by atmospheric demand. For germination, emergence and
establishment of the crop, availability of water in the upper layers of soil, rather than 
water content in the full root zone, is of concern. Tillage and resid-ie management
particularly affect soil water availability near the surface. 

When sampling a soil profile for measurement of PAW, the depth of the root zone is
defined and layers within the root zone are identified. Samples are then taken from each 
layer for determination of FC and PWP. 

Laborator, Measurement of PAW 

The most common definition of PAW is the difference between water held in the soil at
-0.10 or -0.33 bar, FC, and at -15 bars, PWP. Usually, -0.33 bar is used, but sometimes
-0.1 bar is used for coarse-textured soils. The FC measurement should be made on an
undisturbed soil core since the soil structure affects the amount of water held at low
tension. The measurement is made by mounting the core on a pressure plate assembly.
The pressure in the chamber is raised to +0.1 or +0.33 bar. After drainage from the core
has stopped, the water content of the soil core is determined by weighing. 

The PWP is measured by placing the soil sample in a pressure apparatus having a ceramic 
pressure plate or a cellulose acetate membrane. The soil sample is often ground and sieved 
to improve contact between the sample and the membrane. The wilting point is limited by 
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the specific surface area of the sample, so destroying the soil structure does not affect the 
measurement. The pressure plate or membrane containing the samples is scaled inside a 
pressure chamber and pressure inside the chamber is raised to + 15 bars. Water flows 
from the sample through the micropores of the plate or membrane, and the soil water 
content is determined after equilibrium is reached. 

Field Measurement of PAW 

Some researchers feel that the limits of -0.33 and -15 bars may not adequately describe 
water available for plant growth. The effects of soil structure on soil water holding 
capacity are disregarded, even though soil profile development increases the water holding 
capacity and water holding capacity from a profile is not uniform with depth. The soil will 
be dried to a higher tension near the surface and to a lower tension at greater depths. 
Ritchie (1981) proposed field measurements of the drained upper and lower limits to 
describe extractable water in a profile. In this technique, the soil is initially wetted with 
enough water to wet the entire root zone, covered for about two days, and then sampled to 
determine the amount of water held in the profile. The objective is to wait until drainage 
from the bottorn of the root zone becomes very slow (0. 1 cmr/day or less). 

The lower himit is determined by growing a crop or. the soil and allowing it to deplete as 
much of the water as possible. The best data are obtained when the crop is grown to full 
size with minimal stress, which ensures that the root system develops throughout the soil 
until the plant dies or becomes dormant from water stress. Visible symptoms of water 
stress such as accelerated senescence are needed in order to determine the lower limit of 
water availability. Ritchie (1981) found that many crops have similar lower limits of 
extractable water. Differences among crops can be important on deep profiles where 
certain species or varieties might be more effective at extracting water from the lower 
portions of the profile. If conditions during the early growth stages of the crop inhibit root 
development (for example, frequently wetted surface, waterlogged soil, low evaporative 
demand), then the plant would not be able to extract water to the lower limit of the profile 
later in the season. The upper and lower limits of PAW, as measured by laboratory and 
field techniques, are shown in Figure 4. Ratliff et al. (1983) compared 401 observations of 
field and laboratory measurements of PAW and found that there can be serious 
discrepancies between the two methods. They suggested that the field-measured limits of 
soil water availability are more realistic than laboratory measurements in that they 
incorporate plant and climatic factors that affect soil water availability. However, the 
lower limit of available water is difficult to measure in the field in humid regions unless a 
rain-out shelter is available. 

Estimate, of FAW from Empirical Equations 

Plant available or extractable water data are generally available at experimental sites, but 
often are not available for all agricultural soils of a region. Soil survey information that is 
generally available includes textural analysis (percent sand, silt and clay), bulk density, 
percent jrguic matter and identification of soil horizons. To obtain an estimate of PAW 
from available data, many researchers have developed regression equations relating soil 
sur',,ey data to upper and lower limits of available water. Unger (1975) developed 
rerression equations to estimate the -0.33 and -15 bar volumetric water contents of soil 
po:es using the percentage of clay or sand. He found little improvement in the correlation 
cjefficients or standard errors when bulk density or percent organic matter was included in 
the regression equations. Gupta and Larson (1979), Rawls et al. (1981), and Rawls and 
Brakensiek (19E2) used soil survey data (such as textural analysis, bulk density and 
organic matter) to estimate water retention over a range of tensions from -0.33 to 
-15 bars. Cassel et al. (1983) developed regression equations to estimate the field
measured upper and lower limits of water availability using soil texture analyses and cation 
exchange capacity data. 
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iel( Measurement of A knowledge of the field soil water content is important for making sound soil and crop
Soil Water 
 management decisions. Water content is determined by several methods. The more 
common are the gravimetric method, tensiometer, electrical conductivity, radioactivity and 
psychrometry. 

Gravimetric 

The classical method is the gravimetric method. Samples of field soil are obtained and the
percent water determined by use of Appendix Eqs. [11 to [4], depending upon theparticular need or application. To obtain total water in the profile, amounts for the variousdepths are summed. If PAW contained in the profile is desired, water retained in theprofile at the PWP must be subtracted. Because sampling is usually done after the soil hasdrained to the FC limit, no corrections with regard to FC are usually required. 

Tensiometers 

Tensiometers measure the matric potential at which water is held in soil by use of a porous clay (ceramic) cup filled with water. Water in the cup is in contact with a vacuumgauge or a manometer (asually mercury). As soil dries, water moves from the cup to the 
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surrounding soil to maintain equilibrium, thus creating a vacuum (suction or tension) that 
is measured by the gauge or manometer. Tensiometers can also be used to determine 
matric potential gradients for monitoring the direction of water flow in the soil. 

The effective range of tensiometers is from 0 to about -0.85 bar matric potential. 
Consequently, they are more suitable for use in coarse- textured (sandy) :;oils than in fine
textured soils because most PAW in sandy soils is held at potentials greater than -0.85 
bar. Installation of tensiometers at several depths has been used to determine when to 
apply water to various field. orchard, nursery and turf grass crops (Donahue et al.. 1977). 

Electrical Conductivity 

The electrical conductivity (or resistance) of some porous materials such as gypsum, nylon 
and fiberglass is related to their water content. When blocks of these materials containing 
two electrodes mounted at a fixed distance apart are nibedded in the soil, the conductivity 
(resistance) measured changes in response to the water content of the soil. The system can 
be calibrated and subsequent resistance measurements can be used to determine soil water 
content from FC to PWP. The accuracy is higher near the PWP than at higher matric 
potentials. 

Radioactivity 

Methods of determining soil water content by radioactivity are neutron scattering and 
gamma ray attenzuation. 

Neutron scattering. The neutron scattering method is based on the capacity of hydrogen 
nuclei to scatter and slow neutrons emitted from a suitable radioactive source. Since most 
hydrogen in soil is associated with soil water, differences in count rates registered by 
neutron meters result primarily from differences in soil water content. The measurements 
are made in tubes installed vertically to the desired depth in the soil. Measurements can be 
made repeatedly at the same site without disturbing the soil after tube installation. 
Currently available neutron meters provide soil water contents directly on a percent 
volume basis. A unique characteristic of the neutron method is that the same calibration of 
the equipment may be adequate for different scils. However, the calibration should be 
checked in the particular soil, especially if soil water contents determined by several 
methods are to be compared. 

Gamma ray attenuation. The gamma ray attenuation method is based on the principle 
that soil particles and soil water attenuate or reduce the energy of gamma rays passing 
through a soil column from a source to a detector. If soil bulk density is constant, then 
changes in equipment output (readings) from one s-ample to the next represent changes in 
soil water content. For soils whose bulk density changes with changes in water content, 
the single-source gamma ray attenuation method is not suitable. However, equipment using 
two sources (high and low energy) of gamma rays can simultaneously measure soil bulk 
density and water content (Corey, 1979). When used in the field, the source and detector 
are placed in separate holes, each at the depth at which bulk density and water content are 
to be determined. A single probe unit is also available for determining densities near the 
soil surface. 

Psychrometry 

A soil psychrometer is a device that measures the total soil water potential (matric + 
osmotic potential) in a soil. The osmotic potential would have to be measured 
independently if the matric potential is desired. Total soil water potential is the paameter 
relevant to plant growth. The soil water potential is related to the relative humidity of the 
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Agrotechnology Transfer 
and Research Needs 

soil air. Determination of the soil water potential involves passing a current through athermocouple encased in a porous cup to cool the junction below the dew point. Thiscauses condensation of water on the thermocouple and subsequent evaporation of waterinto the cup atmosphere. By measuring the temperature of the thermocouple before coolingand during subsequent evaporation, the relative humidity can be determined. This, in turn,is related to the total soil water potential (Gardner, 1979). This method is not very reliable 
at high water potentials. 

Other Methods 

in addition to the methods discussed above, other methods of determining soil watercontent include (1) calculation of water content based on previous soil water content,precipitation, climatic conditions, etc.: (2) determining the depth of moist soil by pushinga probe into the soil: (3) feeling and squeezing the soil by hand: and (4) relating soil watercontents to date and amDOUnt of precipitation. The last three methods give no numericalvalues for soil water content. However, some farmers and others have used these methods
successfully to make management decisions. 

In this section, various methods of determining soil water contents under field conditionswere introduced with only limited information given about the different methods. More
information concerning these methods is available in reports by Brady (1974), 
 Corey
(1979), Donahue ct al. (1977), Gardner (i965. 1979) and others. 

Methods of characterizing soil water relationships have been widely discussed in the
literature. Many of the methods arc 
readily adaptable for obtaining information about soil
 
water to improve soil and crop management. The particular method used will depend on
numerous circumstances 
 including training of personnel, information needed andavailability of funds and equipment. It is doubtful that method development will be
required to improve soil and crop management. 

For dryland crop management, knowledge about soil water conditions is particularlyimportant at planting time. High levels of water available in the soil at planting time willoften provide a base level of yield that could be expected, regardless of the rainfall later inthe season. Knowledge :.isoil water content can be used to determine which crop to plant,whether to plant a long- or short-season variety of the crop selected, and whether

supplemental fertilizer is likely to be sufficiently beneficial to justify the cost of
application. Information about soil 
water content is also important in making decisions
about tillage. Tillage immediately prior to planting may dry the profile excessively and
impair germination and establishment of seedlings if rainfall is not 
 received. Tillage when
the surface soil water content is excessive is detrimental to soil structural properties and
should be avoided. 
 However, when excessive water may inhibit germination and
establishment of seedings, tillage after the surface has begun drying may be desirable in
 
some cases 
to speed drying of the soil profile. 

Research that could possibly improve crop production involves the determination of thecontribution of flow from watertables to crop growth. Information needed includes amountof water supplied, reliability of the watertable during the growing season and location ofdependable watertables with respect to topography. Other research could involve thedetermination of which crops are best adapted to soils where the watertable recedes duringthe growing season, the effect of soil water and soil fertility interactions on yields, thepotential for interseeding and multiple cropping, and the effect of surface treatments (landleveling or giading, contouring, terracing, crop residue management, etc.) on soil and 
water conservation. 
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Appendix Soil Water Content Calculations 

Soil water contents of samples are usually found by determining sample wet weight, 
drying at 100' to I 10C, determining sample dry weight an, -alculating the percent 
water. -:or this method, with tare weights subtracted. percent wazer by weight (H2 0% by 
wt.) is determined by: 

sample wet wt. - sample dry wt. X 100 II] 
" sample dry wt. 

In practice, if standardized containers are used and the tare weight is obtained directly, 
Eq. III simplifies to: 

1-110'/ by wt. = I(sample wet wt.)/(sample dry wt.)- I x 100 121 

In many cases, percent water by volume (H,0'7 by vol.) is a more meaningful measure of 
soil water content than percent water by weight. Soil bulk density (BD) must be known to 
obtain percent by volume: 

H] ( by vol. =- H,(7, by wt. >' BD [31 

For Eq. 131. 1D is in gcu -3 . The terms cancel out when the right hand term is multiplied 
by the specific volume of water (cm 3 g-1). A further step is to obtain the depth of water 
(depth 11,0) in a given depth of soil. This is obtained by: 

)cpth H-,0 = H20'O by vol. X depth of soil/ 100 141 

By using Eq. 141 the depth of' water will he in the same unit as that used for soil depth. 

After determining the water content by Eq. 141. the difference between the water content 
at FC and at PWP for each layer is summed to determine the amount of PAW in the total 
profile. This is obtained by: 

i 
PAW = 2 (depth HOt.c - depth H20pwp), 151 

I 

where i is the soil layer ranging from I for the surface layer to n for the bottom layer of 
the root zone. 
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Water Requirements and Water Use Efficiency of Crops 

B.A. Stewart and E.L. Skidmore
U.S. Department of Agriculture, Agricultural Research Service, 
Bushland, 7hoas and Manhattan, Kansas, USA 

A BSTRA CT. Crop water requirenients, i.e., water neededfi)r unrestricted, optimtan growthand yield, ate gene "al.'reported as evapotranspiration (E7) in inin per day or mm perperiod. Water use eficienc , (WUE), yield/E', is generally erpressedas kg/i 3 . 77Tis reportsttggests Inethods fin estinlatin, ET andediscusses tireefficts of various managementpractices onl WUE. In most cases where water supply is fixed, ttnY management factor thatincreases Yiel will increase WUE hecause ET is largely cimate Tependent and cannot be
greatly in/hienced bY motnaeenlt practices. 

Introduction Doorenbos and Pruitt (1977) defined crop water requirements as "the depth of waterneeded to meet the water loss through evapotranspiration (ET crop) of a disease-free crop,growing in large fields under nonrestricting soil conditions, including soil water andfertility, and achieving Cill production potential under the given growing environment."Power (1983) defined water use efficiency (WUE) as the yield of plant product (grain,silage, tuber, or other plant produci) produced per unit of water used. Mathematically,
water use efficiency is expressed as: 

WUE = Y/ET 

where Y is the quantity of the crop (either total biomass or marketable product) producedon a given area in a given time period (usually a growing season) and ET isevapotranspiration from the same surlace area during :he same time interval, WUE canalso be expressed in terms of transpiration (T) only, but in almost all field situations, ET,rather than T, is measured. Evapotranspiration includes water removed from the soil byevaporation and transpiration during the growing season, and excludes deep percolation
and surface runoff. 

Doorenbos and Pruitt (1977) and Doorenbos and Kassani (1979) have published extensiveworking papers on crop requirements and water use efficiency. These publications presentmethodologies to quantify yield response to water and to assess crop yields under bothadequate and limited water supply. The authors take into account maximum and actual crop yields as influenced by water deficits using yield response functions to relate relativeyield decreases and relative evapotranspiration deficits. Application of the method providesthe user with 1)guidance in selection of crops; 2) assessment of crop yield under differentwater regimes; 3) criteria, in terms of crop production, for allocating limited watersupplies: and 4) directives for field water management for optimum crop production and 
water efficiency. 

Taylor et al. (1983) have edited a book that deals comprehensively with practically everyaspect of water from the time it falls as rain, passes through the soil and plant, and emerges again into the atmosphere. It also includes detailed consideration of the manyinteractions of water with plant tops, roots, soil and soil organisms, especially as theyaffect crop yield. The book particularly focuses upon factors likely to be involved inresearch that affect water as a limiting resource. 

The publications listed above provide both theoretical and practical information about cropwater requirements and water use efficiency. They should be studied carefully to gain athorough utiderstanding of these subjects. No attempt will be made in this paper to discuss 
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Crop Water Requirements 

these subjects in detail, but only to present some of*the general concepts that will be 
useful during our discussions on "Cropping Systems and Soil Fertility Management for 
Increased Water Use Efficiency.-

Crop water requirements, the depth of water needed for unrestricted, optimum growth and 
yield, are generally reported as evapotranspiration (ET) in mm per day or mm per period. 
Climate is one of the most important tactors that governs the ET rate. It was clear very 
early that with well-watered plants, transpiration variation with climate caused changes in 
water use as the season progressed. Differences occurred among years and among 
locations, but -free water" evaporation !nd saturation deficit could be used to normalize 
the transpiration component. This was illustrated by Briggs and Shantz (1917); a summary 
(if their findings is shown in Table 1.Tanner and Sinclair (1983) also reviewed these 
relationships in detail. 

Since the level of' ET has been shown to be related to the evaporative demand of the air, 
the evaporative demand can be expressed as the reference evapotranspiration (ETO. 
sometimes called potential ET). When calculated, ETo predicts the effect of climate on the 
level of crop evapotranspiration. ET is defined as the rate of evapotranspiration from an 
extensive surface of green grass that is between 8 and 15 cm tall, of uniform height, 
actively growing, completely shading the ground and not short of water. There are several 
methods of calculating El 0 values and some of the more widely used procedures are 
described by Doorenbos and Kassam (1979). They also give approximate ETo values for 
different agroclimatic regions, shown in Table 2. 

Table 1. 	Water Requirement of Alfalfa (Medicago sativa) 
at Different Stations in the Great Plains of the 
United States (Briggs and Shantz, 1917). 

Location 	 Growth Period Water Average Pan WR/ 
(1912) Requiremnentt Evaporation Evaporation 

-

g -ti 	 dtr 

Williston,
 
North Dakota 29 July-24 Sept. 518 + 12 4.04 128
 

Newell,
 
South Dakota 9 Aug.-6 Sept. 630 ± 8 4.75 133
 

Akron,
 
Colorado 26 July-6 Sep,. 853 ± 13 5.74 146
 

Dalhart,
 
Texas 26 July-31 Aug. 1005 ± 8 7.77 129
 

t 	WR is the water requirement which was obtained by d.viding the grams of water transpired by the grams of 
dO matter produced. 
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Table 2. 	 Reference Evapotranspiration (ET0 ) for Different 

Agroclimatic Regions (Doorenbos and Kassam, 1979). 

Regions Mean Daily Temperature, 'C 

<10 20 
 > 30 
(cool) (moderate) (warm) 

-I ..........
 ............ mm av ..
 

Tropics 
Humid 3 -4 4 - 5 5 6 
Subhumid 3 - 5 5 -6 7 - 8 
Semiarid 4 - 5 6 - 7 8 -9 
Arid 4-5 7-8 9- 10 

Subtropics 

Summer rainfall: 
Humid 3 -4 4 -5 5 - 6 
Subhumid 3 - 5 5 - 6 6 - 7 
Semiarid 4 - 5 6 - 7 7 - 8 
Arid 4-5 7-8 10- 11 

Winter rainfall: 

Humid - subhLMid 2 - 3 4 - 5 5 - 6 
Semiarid 3 -4 5 -6 7 - 8 
Arid 3-4 6-7 10- 11 

Temperate 
HUnid - subhumid 2 - 3 3 - 4 5 - 7 
Selfiarid - arid 3 -4 5 - 6 8 -9 

Empirically determined crop coefficients (kc) are used to relate ET0 to maximum crop ETwhen water supply meets the water requircments of the crop. The kc values vary with 
crop, development stage and somewhat with windspeed and humidity. For most crops, kcincreases 	 from a low value at the time of crop emergence to a maximum value as the cropreaches full development and then decreases as the crop matures. Evaporation from thesoil is the 	dominant component of ET for most crops during early growth stages, andtranspiration becomes dominant as a full crop canopy develops. However, for paddy rice,the kc is practically constant throughout the growing season because free water is availablefor evaporation. Crop coefficients for some crops grown in Northeast Thailand are given
in Table 3. For a given climate, crop and development stage, the maximum 

156 



Yield-Evapotranspiration 
Relationships 

Table 3. Crop Coefficients (kc) for Some Selected Crops 
(Doorenbos and Kassam, 1979). 

Crop Initial Crop Mid- Late At Total 
Develop- Season Season Harvest Growing 
ment Period 

Maize 0.3-0.5 0.77-0.85 1.05-1.20 0.8-0.95 0.55-0.60 0.75-0.90 

Rice 1.10-1.15 1.10-1.50 1.10-1.30 0.95-1.05 0.95-1.05 1.05-1.20 

Watermelon 0.40-0.50 0.70-0.80 0.95-1.05 0.80-0.90 0.65-0.75 0.75-0.85 

Sorghum 0.30-0.40 0.70-0.75 1.00-1.15 0.75-0.80 0.50-0.55 0.75-0.85 

Groundnut 0.40-0.50 0.70-0.80 0.95-1.10 0.75-0.85 0.55-0.60 0.75-0.80 

Bean 
(Green) 0.30-0.40 0.65-0.75 0.95-1.05 0.90-0.95 0.85-0.95 0.85-0.90 

(Dry) 0.30-0.40 0.70-0.80 1.05-1.20 0.65-0.75 0.25-0.30 0.70-0.80 

Sugarcane 0.40-0.50 0.79-1.00 1.00-1.30 0.75-0.80 0.50-0.60 0.85-1.05 

evapotranspiration (ET..) in mm per day of the period is ET, = kc x ET0 . The constant, 

kc, refers to conditions when wate and other inputs are adequate for unrestricted growth 
and development. Under conditions where water becomes limited, ET, cannot be 
maintained and actual evapotranspiration (ET,,) will be less. The ETa will decrease as the 
available soil water is depleted. The particular crop grown and the texture of the soil are 
important factors that affect the rate of decline of EUa rates under limited water 
conditions. Some crops such as most vegetables need relatively wet soils to maintain ETa 
= ETm, while others such as sorghum can deplete soil water much further before ETa 
falls below ETM. Soil water is more easily transmitted to and taken up by plant roots in 
sandy soils than in clay soils, but the total amount of available soil water is greater in clay 
soils. Doorenbos and Kassan (1979) have presented a method for estimating ET a values 
under limited water conditions. 

When yields are transpiration-limited, strong correlations occur between cumulative 
seasonal dry matter and cumulative seasonal transpiration (De Wit, 1958; Arkley, 1963). 
De Wit (1958) showed that for dry, high-radiation: 

Y/T = ni/Tnax 

where Y = total dry matter per area, T . total transpiration per area during growth to 
harvest, and T..ll.,X = mean daily "free water evaporation" for the same period. Theconstant, i, is governed mainly by species and is largely independent of soil nutrition and 

water availability, unless the soil is seriously nutrition-linited or unless soil water is too 
high, causing a lack of aeration or leaching of nutrients. Since it is difficult to separte 
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transpiration from evaporation from the soil surface, the total ET is most often measured.Many studies have shown that transpiration and ET are closely correlated, and particularlyso after a plant canopy has formed. A representation of' dry matter yield as a function ofET is shown in Figure 1. The intercept along the ET axis presumably representsevaporation from the soil surface. For crops that have a relatively constant harvest index,the harvestable portion of the crop can be substituted in the relationship. As an example,data from the USDA Conservation and Production Research Laboratory, Bushland, Texasfor grain sorghum are presented in Figure 2. There is a very good linear relationshipbetween the yield of grain and ET. The relationship shows that 15.5 kg/ha of grain isproduced for every millimeter (1.55 kg/in 3) of' ET above the threshold value of 126 mm.The slope of' the line for any given crop species will, as discu.ied above, be influenced by
the climate of the area. 

Sensitive Growth Periods The linear relationship between yield and ET has been shown to hold for many crops(Doorenbos and Kassam, 1979). Therefore, reasonable yield estimates can be made fromET values. Water deficit of a given magnitude, expressed ratio of actual ET (ETa)as a to
maximum ET (L11T,), may occur continuously over the total growing period of a crop, orit may occur during only one or more of the individual growth periods. The growthperiods are commonly rcf'errcd to as 0 - establishment, I - vegetative, 2 - flowering,
3 - yield formation and 4 - ripening. 

Doorenbos and Kassam (1979) have determined generalized relationships between therelative ET deficit and relative yield decrease. When the deficit occurs over the entiregrowing period, the decrease in yield is proportionately smaller than the increase in waterdeficit for crops such as groundnut, while it is proportionately greater for crops like maize 
(Figure 3). 

a) 

a) 

Seasonal Evapotranspiration 

Figure 1. Representation of the Relationship Between Dry Matter
Yield and Seasonal Evapotranspiration. 

158 



10.0 " 

21 
2 2 

7.5-	 1 2 22 

1: i t 

I2Z 5.0- 1 2 222 2 2 Y = 0.0155X-1.97 
CII 

"1m fl21 2 2 	 r2 = 0.82 
"
2.5 	 0o,~o 0 

100 200 300 400 500 600 700 800 

Seasonal evapotranspiration - mm 

Figure 2. 	F lationship Between Yield of Grain Sorghum and
 
Seasonal Evapotranspiration at the USDA Conservation
 
and Production Research Laboratory, Bushland, Texas
 
(0 - unpublished data, O.R. Jones: ! - Musick and Dusek,1971; 2 -	 Steward e al., 1983). 

ETa
 
1- Relative evapotransplratlon deficit I Alfalfa
1.0 	 0.5ETm	 0 0SafflowerGroundnut 

Sugarbeet 
.. T- RelatonevporasprtinlefctweAfaf..

E~a.	 FB II Alfalfa Sorghum 
. . . . Cabbage Soybean

191Citrus Sugarbeet

Sugarbee
0. Grape Tobacco 

ky<l 0. 0.5 C Ill Bean Potato
Citrus Tomato 
CiruSugarcane
II , Onion Watermelon 

10Pea WhaeatCL' , ' •Pepper
 
.*/ .IVy" . ky>l , /MaizeIV Banana
 

Total growing period 1 	 lr 

~1.0 
Figure 3. Generalized Relationships for Various Crops of' theEffect of Increasing Evapotranspiration Deficit on Yield 

(Doornbos and Kassam, 1979). ET ais Actual Evapotranspiration, ET. is Maximum Evapotranspiration, Ya is 
Actual Yield and Ym is Maximum Yield. 
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When ET deficits occur during individual growth periods, yield reductions can bemarkedly different. Decreases are relatively small when deficits occur during thevegetative or ripening periods, and relatively large when they occur during the flowering
or yield formation periods (Figure 4). For some crops, the yield decreases can be
extremely large. For example, Doorenbos and Kassam (1979) estimate that maize yieldwill be decreased by 45 percent with only a ten percent deficit in ET, if all of tie deficit 
occurs during the flowering stage. Doorenbos and Kassam (1979) present information for26 crops relative to their water req'irements and the effect of ET deficits on yield
decreases.
 

Water Use 	Efficiency Water use efficiency (WUE), Y/ET, is generally expressed as kg/in 3. When Y is reported
in t/ha and ET in mm, WUE in kg/ni 3 can be obtained by 100'Y/ET. Since therelationship 	between Y and ET is linear, as previously shown in Figures 1 and 2, and thex axis (ET) is greater than zero, WUE increases as the yield increases. This is illustratedin Figure 5, which shows the data from Figure 2 plotted as a function of WUE againstyield. The line drawn through the points was calculated from the regression line shown in 
Figure 2. 

WUE was about 0.7 kg/in 3 at a yield level of 2 t/ha and about 1.1 kg/in 3 at a yield levelof 5 t/ha. These values agree fairly closely with estimates by Doorenbos and Kassam(1979) who state that WUE ranges from 0.6 to 1.0 kg/n 3 when water requirements rangefrom 450 to 650 mm for the growing season. Since WUE equals Y/ET, yields range fr(,in
2.7 to 6.5 t/ha. 

ETa 
1ETm Relative evapotranspiration deficit 

1.0 
 0.5 0 

0 
* . . , - . . ., 

_.. . 19 

Idvdal growth periods * 1--
Ym 

Figure 4. 	Generalized Relationships of the Effect of Increasing
Evapotranspiration Deficit During Specific Growth
Stages on 	the Crop Yield (Doorenbos and Kassam. 1979).
ETa is Actual Evapotranspiration, ETm is Maximum 
Evapotranspiration, Ya is Actual Yield and 	Ym is 
Maximum 	Yield. 
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Crop Manipulation for 
Efficient Water Use 
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Figure 5. 	 Relationship Betveen Water Use Efficiency (WUE) and 
Yield of Grain Sorghum at the USDA Conservation and 
Production Research Laboratory, Bushland, Texas 
(Same data as presented in Figure 2). 

Table 4 lists the range of water requirements and WUEs from some of the crops grown in 
Northeast Thailand. These values were obtained from .)oorenbos and Kassam (1979) and 
the range of yields shown are calculated by WUE =- Y/ET. 

Soil fertility managcement is necessary for achieving high WUJEs. Victs (1962) concluded 
that, in most cases when water supply is fixed, any management factor that increases yield 
will increase F7 efficiency because ET will be little affected by the management. Many 
studies have shown that soil fertility can have marked effects on yield with little effect on 
ET. An examnle is the finding by Carlson e(t al. (1959) that irrigated maize biomass yields 
from a population of 34,600 plants per hectare were increased from 5,240 to 10,540 kg/ha 
primarily by nitrogen fertilizer, whereas ET varied only from 353 to 375 mm, 
respectively. 

Crop manipulations involve variations in choice of species and cultivar, timing of events, 
plant density, fertility status, supplemental irrigation, pest control and other practices. The 
choices made are determined by many considerations, but economic factors are dominant 
in many cases. Nevertheless, strategies should be developed that combine our knowledge 
of the relationship between ET and crop production. Relatively few principles underlie 
farming practices Ihat provide for the efficient use of' water. A maximum proportion of the 
water should be expended in transpiration with minimum losses to evaporation, runoff and 
drainage. Basically, that involves rapid establishment and maintenance of a green plant 
canopy for as long as practical to minimize evaporation, maintaining scil conditions 
favorable for infiltration, and cropping with a rooting density sufficient to intercept 
drainage. Perhaps most important is a careful match between ET and water supply. 
Loomis (1983) has presented graphically sonic crop manipulation tactics to match ET to an 
available moisture supply of 500 mm (Figure 6). Reference evapotranspiration (ET 0 ) is 
shown as 4 rmm/day during the cool season and 6 mm/day during the warm season. Actual 
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Table 4. 	Water Requirements and Water Utilizatiorn 
Efficiency Values for Some of the Crops Grown 
in Northeast Thailand. 

Crop Growing Water WUE Yield 
Period R(.quirements 

davs mnrn season-1 	 -3kg 1 t ha-1 

Maize 100-140+ 500-800 0.8-1.6 	(grain, 10-13% 4.0-12,8 
moisture) 

Rice (paddy) 90-150 350-700 0.7-1.1 	(grain, 15-20% 2.5-7.7 
moisture) 

Watermelon 80-110 400-600 5.0-8.0 (fruit, 90% 20-48 
water) 

Sorghum 100-140+ 450-650 0.6-1.0 (grain, 12-15%) 2.7-6.5 

Groundnut 90-140 500-700 0.6-0.8 	(unshelled dry 3.0-5.6 
nut, 15%) 

Bean (fresh) 60-90 300-500 1.2-2.0 (lush, 80-90%) 3.6-10.0 
(dry) 90-120 0.3-0.6 (10%) 0.9-3.0 

Sugarcane 270-365 1500-2500 cane: 5-8 (80%) 75-200 
sugar: 0.6-1.0 9-25 

evapotranspiration (ETa) is plotted against crop duration, and days of ma:'imum
evapotranspiration (ET) 	 are given numerically. Figure 6a shows the performance of astandard 	annual crop during the warm season (ET = 6 mm/day). Full cover ET isextended in Figure 6b by an early maturing cultivar having a shortened juvenile period. Adrought tolerant crop can be utilized in areas where periodic rains occur, as illustrated inFigure 6d. 	The most effective means for extending the length of the growing season is to limit ground cover so that the crop coefficient is less than 1, which means ETa (kc XET o) is less than ET 0 (illustrated in Figure 6c) or o grow the crop during the cool 
seasons when ET0 is only 4 mm/day (illustrated in Figure 6e). Low population of cropplants and wider spacing of rows are useful tactics for limiting ground cover and reduL. .lg
ETa. 

Evapotranspiration and Reference evapotranspiration values for four locations in Northeast ThailandPrecipitation Curves for Figures 7 to 	 are shown in10. These 	are unpublished values calculated by George Hargreaves, UtahNortheast 	Thailand State University; and E.L. Skidmore, co-autho" of this paper. Calculations were made as 
follows: 

ETo = 	0.0075 x RS X T°F 
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Matching Cropping 

System With Climate 


-x46*. 	 -*596 	 93 

4-4 
CuC 

S7 ------- -

"'50
 

cc 	 mmjays 

Days 

Figure 6. 	Generalized Examples of Various Ways That 500 mm of 
Seasonal Evapotranspiration Can be Utilized by 
Cropping (Loomis, 1983). 

in which ET0 and incident solar radiation (RS) are expressed in the same units of 
equivalent water evaporation, usually mm/day or ram/month, and T°F is mean temperature 
in degrees Fahrenheit. Incident solar radiation was determined by: 

RS = 0.169 x RA x TD 

in which RA is extraterrestrial radiatior (Table 10, Doorenbos and Kassam, 1979) in 
mm/day, RS is solar radiation at the earth's surface in mm/day, 0.169 is a constant 
calibrated for Northeast Thailand!, and TD is the temperature difference (mean maximum 
minus minimam temperature in degrees Celsius). RS can be measured directly in 
cal/cm 2/day or langleys (ly), RS, in mm of equivalent water evaporation, is equal to 
ly/58.5. 

The 75 percent probability rainfall values are shown for the respective locations in Figures 
7 to 10. These values are the rainfall amounts which have been exceeded in 75 percent of 
the years for each of the months. These data, along with some information regarding the 
available water holding capacity of the soil, are sufficient to allow some determination of 
crops that can be grown in the area and to project the yields that might be expected. In 
general, the locations represented in Figures 7 to 10 have sufficient to excess rainfall 
during the monsoon season, but any cropping beyond this period will be dependent on 
stored soil water or supplemental irrigation. 

In the final 	analysis, dryland cropping depends on matching a cropping system with the 
climate so that there is a good probability of producing a harvestable crop. Increased 
emphasis is being placed on probability levels as compared to average values. Average 
values, particularly in low rainfall regions, can be very misleading because a few very 
high, but rare, rainfall events can raise the average substantially. Probability levels can be 
set at any desired level and are a good way of assessing risks. Dancette and Hall (1979) 
have developed methods for improving management of water resources, using principles 
for soil and plant sciences. They prepared maps for the Sudanian and Sahelian zones of 
Africa showing maximum cycle lengths for millet that will result in crop water needs 
being satisfied to at least the 80 percent level, and for 80 years out of 100. The 
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Time for Roi Et in Northeast Thailand. 

information needed for such estimates are the rainfall, evaporative demand, crop
coefficient of water use, rooting depth, water retention characteristics of the soil, and the 
availability of water in the soil. 
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A rather simple approach to matching a cropping pattern to climate is shown for grain 
sorghum at Bushland, Texas in Figure 11. The solid line represents the weekly rainfall 
amounts that are exceeded in 50 percent of the years, and the dashed line represents the 
number of weekly heat upils (degrees C above 0) exceeded in 50 percent of the years. The 
rectangular boxes represent crops of grain sorghum planted at four different times, and the 
numbers above the boxes are the 50 percent probability amounts of rainfall that occur 
during the periods. The four divisions within each period represent the emergence, 
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Figure 11. 	 Weekly Precipitation and Heat Unit (Zero C Base)
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Percent of the Years (0 weeks begin on January 1). TheFour Boxes 	 Represent Grain Sorghum Seeded at Four
Different Times, and the Values Above the Boxes are
the Amounts of Rainfall Exceeded in 50 Percent of the 
Years Dur;ng the Cropping Season. 

vegetative, reproductive and grain filling stages of crop production. Although the samecu!tivar is pictured for each of the planting dates, the length of the growing season
decreased from 121 days for the earliest planting to 104 days for the latest. 

Grain sorghum is traditionally seeded in the area on about June 15 (represented by thethird box from the top of Figure 11). The rainfall pattern readily shows the advantage ofthis seeding data because the rainfall preceding this time results in good soil water
conditions for seeding. Also, there is a high probability of rainfall occurring during thereproductive growth period and of temperatures decreasing during the grain filling period.
The disadvantage of this planting time, however, is that there is substantially lessprecipitation 	during the growing season than for an earlier seeding date. For example,
seeding on May 10 (top box in Figure 11) results in a growing season with substan;:allymore rain-fall. However, the ieproductive portion of the crop season is now shifted to thehottest and driest portion of the growing season. An early seeding date may still be themost desirable, particularly if the soil profile is fully recharged; a later seeding would not conserve much of the 	rainfall that normally occurs during week 	22. Early seeding may beenhanced by 	increasing row spacing and decreasing plant populations to maintain ETa lessthan ETm (as discussed in Figure 6c) so that the soil water reserver will 	not be totailydepleted before the reproductive phase of the growth cycle is reached. 
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The above discussion is simply an example of how cropping systems and climatic data 
bases can be matched. In some cases, crop growth models such as the grain sorghum 
model of Arkin et al. (1978) can be used to estimate crop yields under various climatic 
conditions. Eventually, however, field data are required to validate these models and to 
obtain the data necessary to extend the models to specific environments. 
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Recommended Water Conservation Practices for 
Northeast Thailand 

N. Tongtawee 
Royal Irrigation Departnent, Bangkok, iTailand 

ABSTRA CT. 7he traditionalwater conservation proctices offitn families living in remote 
areasfi away from wiater sources are described. The recommended Small-Scale WaterResources LDevelopmnent Projects Jbr these areas are presentted and discuysed. 

Introduction Northeast Thailand is the most underdeveloped and also the poorest region of Thailand. Itis also recognized by many Thais as its most arid region. The fact, however, is that its
annual average rainfall is much the si',": >i magnitude as that in other parts of thecountry. Average annual rainfali is approxniately 1800 to 2500 mm of the eastern side of
the mountain range, down to 1100 mmion the western side. 

Most of the rainfall occurs from May to October, 85 to 90 percent of the total annual 
averages. The Mun and the Chi are the two major rivers; they flow eastward anddischarge into the Mekong River. Deforestation of the upstream watershed has increasedmainly for cassava production due to the population explosion of the past two decades. 

According to the survey of the Office of Accelerated Rural Development (1969-1976),
there are 2.6 million people in 4,567 villages lacking water for their domestic uses. 

Traditionally, the people in remote villages far away from water sources have been using
the following water conservation practices: 
1) Dug ponds, which are Usually located at village centers where :hey may be recharged

from the watertable. 
2) Fai Na (diversion dikes), i.e., construction of I to 2 in embankmrents closing the gaps

between high grounds, with spillways to divert required water into paddy fields. 
3) Fai Nong, i.e., construction of small bunds around natural ponds and swamps. 
4) Cultivating rice in low areas to receive runoff from a watershed three to four times 

the size of paddy areas. 

5) Shallow wells. 

For planning purposes, the Asian Institute of Technology (1978) divided the Northeast into
three zones. In Zone I and Zone 1I there are possibilities of large-scale water resourceprojects and pumping from reliable rivers. But 80 percent of farm families are living in
Zone III where these possibilities do not exist. Their basic water requirements can only besatisfied through the development of small water resource projects or water conservation. 

The Royal Thai Government recognized these people's difficulties and in 1977 initiated
Small-Scale Water Resources Development Projects. Since then, 16 governmental agencieshave engaged in construction of the basic infrastructures, namely, small reservoirs,
diversion weirs, farm ponds, swamp excavation, pumps, distribution canals, groundwaterdevelopment and water conservation in natural waterways. The conceptual framework ofthis small reservoir/farm ponds system is depicted in Figure 1. 

However, in many cases villages will continue to rely on rainfed agricul:ure and cannot 
expect the benefits of fully irrigated agriculture. 
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Objectives of Small Water 
Resources Development 

Water Requirement 

Small 
reservoir 

Farm pond with surrounding 
agricultural area 

U 

C 
>, 	 Village pond 

00 

Farm pond
 

--	 Farm pond with surrounding 
agricultural area 

Figure 1. Small Reservoir/Farm Ponds System. 

The objectives of the program are to conserve water to satisfy basic water requirements
 
and to improve the economic condition of the rural village population. The water
 
requirements are, in order of priority:
 

1) domestic uses, especially in the dry season,
 

2) cattle raising,
 

3) fishery,
 

4) agricultural purposes such as vegetable cultivation, rice nurseries etc., and
 

5) other minor uses such as retting kenaf.
 

In planning small water resources to meet the objectives, Table I may be used for
 
estimation of the water requirement.
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Table 1. Approximate Water Requirement. 

Average Quantity Required for Liter day- ! 

Each member of family 30-60 

Each cattle 
50 

Each hog 

20
 

Six chickens I 

Each rai of vegetable 7,000 

Each rai of wet season rice 600-800 m3 scson-1 

Extension of Benefits Many small reservoirs are able to conserve much less water than the annual inflow fromupstream watersheds. In many cases, storage capacity cannot be enlarged due totopographical constraints, upstream land uses and land ownerships. Extension of thebenefits from these small reservoirs may be possible through the construction of a series offarm ponds downstream. Farm ponds may be privately owned or communal. Timelyregulation of the various water conservation facilities will extend the scope of water uses.In the same way, the diverted outflow from weirs may be conserved for drought periods. 

Water Use At present, more than 1700 small-scale irrigation projects have been constructed by theRoyal Irrigation Department. Farmers obtain the benefits stipulated in the objectives butwater use has not reached its full potential. It is necessary for village communities todevelop organizations receptive to technological transfer so that other techniques for waterconservation may be implemented, e.g., improvement of irrigation efficiencies and
irrigation systems. 

Conclusion Since 1977, the government has concentrated on water conservation, creating a largeamount of basic infrastructures for collection and regulation of water for the basicrequirements of the rural population. 

Many of these water conservation facilities have a greater potential than the basic waterrequirements of the villages. A program for maximizing water use should receive serious
consideration. 
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Introduction 

General Information on 
the Northeast 

Rainfall Distr!ibution 

Current On-Farm Water Conservation Practices for 
Agricultural Soils in Northeast Thailand 

P. Sittiwong 
Department of Land Development, Bangkok, Thailand 

ABS7RACT Soil erosion became a serious problem in Thailandapproximately 25 to 
30 years ago. The rapid increase in population, together with diversification of cropsfor 
industries anid evport, has resulted in much of the forest being cleared for cultivation. 
Much of this new land is ver, susceptible to erosion because of topography, soil and 
rainfall characteristics. The extent of damage by erosion, however, depends on the type of 
land use and its managentent. It is estimated that 17 2 Mha, or 33 percent of the country's 
area, has been mnoderately to severely eroded. Suspended sediment deposition from all 
watersheds is estimated to be 27 million tons annually Erosion has also affected the 
natural environnents antd has caused severe sedimentation and pollution of streams and 
reservoirs. 

Water conservation can be divided into two phases: 1)conservation of soil moisture and 
2) conservation of water for irrigation and other uses. 

In the first phase, the construction of field terraces conserves some soil moisture. 
Furthermore, the use of cover crops, green manure, farmyard manure, composts, mulches 
and some waste materials such as rice hulls and sawdust all help to retain soil moisture. 
Among the latter, the use of compost has been widespread during the last few years. This 
has been one of the government's projects for assisting the rural poverty areas. 

The second phase of water conservation, i.e., for irrigation and other uses, has been very 
well accepted by government agencies and people in the rural areas. In addition to the 
large dams which are operated by the Royal Irrigation Department and the Energy 
Generating Authority of Thailand, smaller dams and reservoirs are now constructed and 
maintained by numerous agencies including the Department of Land Development. The 
lack of water is, therefore, not critical at the moment. 

The Soil and Water Conservation and Management Division of the Department of Land 
Development has been involved in soil and water conservation programs since 1963 by 
providing technical services as needed by farmers and conducting research and 
demonstrations at Land Development Stations. It has also provided training and short 
courses in soil and water conservation for extension workers and farmers. 

Northeast Thailand is designated as the Northeast Plateau or Korat Plateau. It covers an 
area of 170,000 km2 or 17 Mha and lies between 140 and 19'N latitude, and between 
101 0 and 106°E longitude. The Northeast Plateau is bounded on the north and east by the 
Mekong River which forms the boundary between Thailand and Laos, on the west by the 
hills of the Phetchabun Mountain Range and in the south by the Dangrek Escarpment 
which forms the boundary with Cambodia. The elevation of the plateau ranges from over 
250 m above sea level in the north and the west to about 100 m above sea level in the 
vicinity of Ubon Province. 

In the west and south of the Northeast region of Thailand, the average annual rainfall is 
about 1300 mm. Total annual days of rainfall range from 107 to 132. In the northern and 
the eastern part of the region, the average annual rainfall .'anges from 1400 to 1800 mm, 
and the days of rainfall range from 120 to 125 days. In some provinces such as Nong 
Khai and Nakon Phanom, the days of rainfall usually exceed 130 days. 
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Soil Problems Most of the soils in the Northeast are sandy, low in fertility, highly erodible, tend to crustand compact, have low moisture holding capacity and are very low in organic matter 
content. 

Activities The Department of Land Development has established Stations for Land Development in 
many provinces, especially in Northeast Thailand, and have developed projects and programs for helping farmers in this region. Examples of these are the following: 
1) The project on water resource development was conducted during 1977-1981, the

period of the 41h National Development Plan. The Department of Land Developmentconstructed some 495 reservoirs scattered throughout the Northeast, with a total water
capacity of about 18 million 1n3 . 

2) The project on soil and water conservation practice,,. 
3) The project oni making compost to improve soil productivity and to conserve soil

moisture through increased retention and storage of water. 
4) The project on wood lots for reforestation and water conservation. 

5) The project on improving saline soils. 
6) On-farm trials and research are underway tbr these principal projects. 
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Soil-Moisture Relationships in Agricultural Soils of Northeast Thailand 

C. Mongkolsawat and R. Katawetin 
Khon Kaen University, Khon Kaen, Thailand 

ABSTRACT. The objective of this study was to determine soil moisture characteristicsin 
Northeast Thailand. Results were obtained from a five-year study on upland soil and a 
one-year study atfour locations with different topographicpositions. 7he interpretationof 
LANDSAT inagety was utilized to delineate the zones where there was potential to develop 
cropping sstems in the dry season under rainfed conditions. The results of this study can 
be ,nmmarized as fillows: 

For upland soils, crops planted earlv in the rainy season (April or May') are likely to 
suffer front moisture stress. July appeared to be a better planting time since sufficient 
moisture was generally availablefor ai least the next ofiur months. 

Soil moisture data obtained from upland paddy fields indicated that the water accumulated 
inl e'cess "1:, saturation percentage for oily a short period. Rice could not survive 
readily under such conditions. 	However, sufficient water was usuallyfound on the lowland 
paddy fields. Field crops are recommended f!r the upland and upland paddy fields since 
the moisture conditions were generally above the pernanent wilting percentagefor a
relatively long period. 

7he moisture patterns oj surface soils can be monitored by LANDSA T imagery. The dry, 
noist and saturatedzones were easily delineated with high accuracy. However, the soil 
noisture patterns under a dense vegetation canopy could nrot be determined satisfactorily. 
With LANDSA T inagerv, soil moisture conditions can be determined over a large area. 
Moreover, the informnation on soil moisture conditions could itrtherbe investigated by 
using miultidate imageries. 

Introduction 	 A basic requirement for the growth of all plants is that the soil moisture should be above 
the permanent wilting point (-15 bars) within some part of the rooting zone. Various crop 
plants differ in their requirements, including the total amount of water needed, the length 
of time over which it is needed and the ability to withstand periods of drought. For most 
crops, the rate of growth responds more or less linearly to an increase in available 
moisture up to a certain li!nit. Plants will die if they are allowed to rtnmain beyond a 
certain period in soil that has exceeded the wilting point. Thus, crops respond in a 
distinctive manner to moisture availability and the requirements differ from crop to crop. 

Moisture availability to plants is determined by a combination of' the physical environment 
and human activities. The physical environment is comprised mainly of climate, soil, 
topography, vegetative cover and groundwater. Human activities can be defined as the 
impact of man acting upon the 	land surface, e.g., the construction of paddy bunds and 
terraces which, :' turn, affect water conservation and storage. Figure 1 shows the 
components that affect the availability of water under rainfed conditions. Moreover, the 
interaction between these components must be considered. 

The main landscape features in 	Northeast Thailand are the river terraces, the flood plains 
and the surface elevations ranging from 100 to 300 i (Moormann et al., 1964; Scholten 
and Siriphant, 1983). The landscape is extensively populated (Boulbet, 1982) and consists 
of gently undulating terrain with varying densities of trees. The lowland and lower part of 
the upland are planted to rice fields, whereas the uplands have been developed for the 
producCln of field crops. Table I illustrates the landscape features and some 
characteristics -ssociated with them. The most extensive soils in the Northeast are coarse
textured with low water holding capacity. In general, the rainwater will run off the upland 
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Figure 1. The Physical Environment and Human Activities 
Affecting Water Availability in Soils. 

and inundate the surface of the lowland paddies. In most cases, the paddy bund terraceswill prevent excessive runoff and increase the water available for rice production. Thus,
the parameters that most directly affect water availability for crop production on theexisting landscapes in the Northeast are topography, soil type and land management. Thedistribution of water in and on soil is the most important consideration in determining the 
crops to be grown, planting dates and cropping sequence. 

Table 1. Some Characteristics of Landscape Features in 
the Northeast. 

Field Type 

Drainage 

Land Use/ 
Land Cover 

Soil 

Agronomic 
Constraint 

Up!and 

Well-drained 

Field crops with 
sparse, trees 

Fine-loamy, mixed, 
isohyperthermic 
Typic Paleustults 

Low fertility, 
water deficit 

Upland Paddy Lowland Paddy 
Field Field 

Moderately Poorly drained 
drained 

Rice Rice 

Paleustults/ Fine-loamy, mixed, 
Paleaquults isohyperthermic 

Aeric Paleaquults 

Low fertility, Low fertility 
water deficit 
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Materials and Methods Moisture Content Distribution in Yasothon Soil Under Rainfed Conditions 

This study was conducted from 1976 to 1980 at the Khon Kaen Untiversity (KKU) Farm. 
Soil samples were collected periodically from June 1976 until the end of 1980. They were 
taken twice a week from three fl.tds at four depths, 0-10, 10-25, 25-4" and 45-60 cm, 
and the moisture contents were determined gravimetrically. 

The soil type at the KKU Farm is mainly of the Yasothon series (finc-,oanw, uxidic, 
isohyperthermic Typic Palcustilts) which was formed on a high terrace position. 

Effect of Topographic Position on Moisture Accumulation in and on the Soils 

In developing viable cropping systems for rainfed agriculture ip the Northeast, we found 
thet the mo&'ture status of soils varied according to specific topographic position and 
landscape. 1'hese relationships were investigated. In 1979 four locations differing in 
landscape pattern as well as soil type were selected. The 	location, topographic position 
(i.e., field type) and soil descriptions are shown in Table 2 (USDA, 1975). 

Table 2. '-escription of Locations Studied. 

Location Village Field Type t 	 Soil 

1 Ban Donhun UP 	 Fine-loamy, mixed, 
isohyperthermic 
Aquic Paleustult 

LP 	 Fine-loamy, mixed. 
isohyperthermic 
Aeric Paleaquult 

2 Ban Muong U 	 Loamy, siliceous Arenic 
Paleustults 

UP 	 Loamy, siliceous Aquic 
Paleustults 

3 Ban Pasan U 	 Isohyperthermic Ustoxic 
Quartzipsamment 

UP 	 Sand, siliceous, isohyperthermic 
Aquic Dystropept 

4 Ban Koksri UP 	 Loamy-skeletal over clayey,
mixed Aquic Plinthustuts 

LP 	 Loamy-skeletal over clayey Typic 
Plinthaquult 

t U, upland; UP, upland paddy field; LP, lowland paddy field. 

175 



Results and Discussion 

Soil samples were taken from the different topographic positions twice weekly, at depthsof 0 to 20 and 20 to 35 cm; soil moisture was determined gravimetrically. Whenever thesoil water exceeded saturation, the depth of water on the soil surface was measured. The 
bulk density of soils was determined using a core method. 

Mapping of Soil Moisture Conditions Using LANDSAT Imagery 

LANDSAT imagery has proven to be useful in characterizing soil moisture conditions(Bruneau and Kiliand, 1983). The basic principle is that different objects on the earth's
surface have different reflectance characteristics. These characteristics can be measured bymeans of remote sensing techniques with a multispectral scanner and a computer
compatible tape. Enhancement of the i.i-age data improves the interpretability of an imageby increasing the apparent contrast between the features in the study area. LANDSATimagery with enhancement was employed to determine the soil moisture conditions in the
Mun River Basin. Enhancement of the image data was performed as described by
Mongkolsawat (1984). Moist, dry and saturated soils were outlined. 

Moisture Content Distribution in Yasothon Soil Under Rainfed Conditions 

Soil moisture distribution and the content of available water at various depths are shown inFigures 2 to 6 for the years 1976 to 1980, respectively. The results obtained reveal thatduring the period from January to March, there was very little rain and the available waterapproached zero. The rains usually began in late March or April, depending on the year,
and the soil moisture content increased accordingly. From May to October, rainfall was
rather evenly distributed in some years and moisttre was sufficient for crop growth
throughout this period. In most years. rainfall was unevenly distributed during the firsthalf of the rainy season, and there were usually some lag periods in which the soil
moisture dropped to a critical 
 level, particularly in the plow layer. At greater depths, thereappeared to be sufficient available water to sustain crop growth. When rainfall did not 
occur, soil moisture was limiting for crop growth at one, two, three and four weeks afterthe last rainfall for the 0-10 cm, 10-25 cm, 25-45 cm, and 45-60 cm soil depths,
 
respectively.
 

Sufficient moisture was normally available during the second half of the rainy season,
ending in late September or early October. After this time soil moisture 
 content declined
sharply. The topsoil or plow layer dried faster than the deeper zones. The period during

which sufficient moisture remained in the soil to sustaii. satisfactory crop growth varied
from year to year, depending on the end of the rainfall period. In some years residual soil
moisture was depleted by mid-October, but remained considerably longer in other years

(Mongkolsawat and Katawetin, 1980).
 

These results indicated that crops planted very early in the season (April or May) are
likely to suffer from drought stress during the first half of the rainy season. Crops planted
during this period should be those of a deep-rooted type to ensure drought tolerance. July

appeared to be a more acceptable planting time since sufficient moisture 
was generally
available for the next four months. In this particular soil the period of available moisture
 
was usually six months (May to October). Double cropping is not generally 
 feasible unless
additional water can be retained and stored in the soil, possibly through special 
management and conservation techniques. 

Effect of Topographic Position on Moisture Accumulation in and on the Soils 

The accumulation of water in and on soils at different topographic positions at four
locations from 1979 to 1980 is shown in Figures 7 to 10. In this year the total annual
precipitation was about m. was conductedII rOC The sludy on two different field types: 
1) Upland paddy field (UP) + lowland paddy field (LP) 
2) Upland (U) + upland paddy field. 176 
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Figure 2. Soil Moisture at Increasing Soil Depths and Rainfall
 
Distribution at the Khon Kaen University Farm in 1976.
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Figure 4. Soil Moisture at Increasing Soil Depths and Rainfall 
Distribution at the Khon Kaen University Farm in 1978. 
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Figure 5. 	Soil Moisture at Increasing Soil Depths and Rainfall 
Distribution at the Khon Kaen University Farm in 1979. 
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Figure 6. 	Soil Moisture at Increasing Soil Depths and Rainfall 
Distribution at the Khon Kaen University Farm in 1980. 
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Location I (UP + LP) 

From early June to late October, water accumulated over saturated soil in the lowland

paddy field (Figure 7). Prior to June, soil water content was below the saturation
percentage. This indicates that the utilization of short-season crops in the early springmonths would have a high probability of success. Fr,2m early June to the end of October,only rice could be grown under this saturated condition. The available moisture content of
the soil after October was sufficiently high to sustain field crops. 

The soil moisture data for the upland paddy field indicated that soils were flooded for onlya short perkd and, thus, rice could not be grown successfully. Traditionally, farmers growrice on upland paddy fields. However, rice can be grown successfully at this position only
during years of high rainfall. 

Location 2 (U + UP) 

The results of this experiment are shown in Figure 8. The moisture content of upland soilwas substantially above the permanent wilting point in mid-March and was depleted by the
end of October. The water content of the upland paddy field was higher than that of theupland soil and dropped gradually to the wilting point by the end of December. Flooding
of paddy fields occurred during a very short period. Thus, attempts to grow rice on theupland paddy field are unlikely to be successful. Field crops can be grown successfully onthe upland paddy field; however, the crop may suffer periodicaPy from the effects offlooding. An effective drainage system is essential if upland fie~d crops are to be grown. 

Location 3 (U + UP) 

The distribution pattern of the soil moisture content at this location (Figure 9) is similar tothat of location 2. Soil flooding occurred for only a few days. Thus, rice would not have
done well on the upland paddy field for the year 1979. 

Location 4 (U + LP) 

The soil moisture content of the upland paddy and lowland paddy fields in i979 to 1980 is
shown ip Figure 10. From June to early October, water tended to accumulate above thesaturation level although drought periods did occur for three to four weeks. The timesduring which the soil was saturated, below the wilting point and above the wilting point

were 
5, 2-1/2 and 4-1/2 months, respectively. 

Mapping of Soil Moisture Conditions Using LANDSAT Data 

Results of this study indicated that the soil moisture level could be clearly delineated
between dry, moist and saturated conditions using LANTDSAT imagery. It is general~y
believed that the moisture content of the soil surface i. highly correlated with theunderlying horizons. The soil moisture status could not be accurately assessed under a
dense vegetation canopy. Where the vegetation canopy was less dense, the reflectance ofthe field was still influenced by the spectral characteristics of the soil moisture content.Thus, LANDSAT data provided measurements of soil moisture conditions and acharacterization of other features of the soil surface as well. In the present study, we were
interested in the residual soil moisture patterns after rice harvest. The establishment of asoil moisture map was done with LANDSAT imagery which allowed the opportunity to scan and study large areas. The map shown in Figure 11 represents the moistureconditions of the soil surface detected by a multispectral scanner. From the ground truth 
survey we found that the saturated zones corresponded to depressions, whereas the dry
zones occurred at higher elevations. Obviously, the moisture conditions apparent in the 
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Figure 11. 	 Soil Moisture Condition Delineated From LANDSAT 
Imagery, January 17, 1976. (1) Saturated, (2) Moist, (3) 
Dry, (4) Woodland, and (5) Riverine Shrub. 

imagery were a result of a combination of several components, e.g.. topography, soil and 
land management. The map developed from LANDSAT data gave reliable information on 
the zones where there is potential for growing a second crop during the dry season. 

Conclusion 	 It is generally believed that rainfall in Northeast Thailand is so erratic that no meaningful 
relationship can be established between the amount of rainfall, soil moisture patterns and 
the growth and yield of crops. Nevertheless, an analysis of the soil moisture data, with 
particular emphasis on consecutive drought days, suggests that the beginning of the second 
half of the rainy season (July) is the most suitable time to establish an upland crop. During 
the first half of the rainy season the pattern of soil moisture distribution was highly 
variable and soil water conservation techniques such as mulhing, conservation tillage. 
residue management and erosion control practices arc needed to use the land resources 
effectively and efficiently. 
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Hydraulic Properties of Major Northeast Soils 

S. AkatanuKul 
Kasetsart UniversitY, Bangkok, Thailand 

ABSTRACT. Hydraulic properties of 12 major soil series in Northeast Thailand were 

studied to characterize soilsfir improved soil cnd water management. Included in the 

study'were sih: upland soils- Korat, Nam Pliong, Pak Chong, Sattk, Warin and Yasothon; 

and six lowland soils: Kul Ronghai, Phimai, Roi Et, Renu, Ubon and U on. 

Measurements of'he root zone were nade at .soil depths of 0 to 10, 10 to 30 aid 30 to 

60 cn. Forsoil water characteristics,the fiinctiohs are in the fon of Se - (htl/h)A where 

Se is eflective satur:itioi, lid and It are air-entr, and mnat'ic potentials and A is the pore

size distribut ,)It index. Values ot'A raoge fi'om 0.06 to 0.61 and correlate with the exture 

index (7). A high TI corresponds to a lower value of A, indicating a gradual chcage in 

soil water content with respect to matric potential. 

Measurements of the saturatedhi'draulicconductivity (Ksat) of soils showed a wide range 

of values varying.D'onw 0.07 to 240 mini/h. ie average Ksat over a 0 to 60 cmit depth was 
'the 

series, all soils had low values of Ksat. 7ie low KFat iolu at lower depths serves as a 

barrierthvt retards loss of water front the root zone. Unsaturated hydraulic conductivities 

8.2 mm/h fur uplaad soil: and 	1.48 mm/h Jbr lowland soil,. E%cept for Pak Chong 

(K) we'e measured only fir"the Korat and Roi Et soil series. lThe finctions are expressed 

as K = ah i where a and q1 are constants. fhe coefficients change over five orders of 

magnitude fioln saturation to -10 ami qof water poteniial. Although the conductivity is low 

and changes rapidl' when the water content drops fron saturation, sufficient water 
renains in the root zone for apprec:able water uptake by roots. it is proposed that the 

upper wiater potential limit for plant available water of Northeast soils is -0.05 atm and 

the lower limit is -15 atn; the plant available water caipacityfor the root zone was 

17.8 p',rcent by' volumne fiw upland soils and 24. 4 percent for lowland soils. The coarse

textured soils of the Nortteast have, in fict. a high water holding capacity and a relatively 

low water conductivity. 

Introduction 	 This study on the hydraulic properties of Northeast soils is part of a four-year project 

designed to asses:; the characteristics of about 50 soil series found in Thailand. Included 

are 24 upland and 23 !owland soils from the Mae Klong Basin, Northeast Vind Southern 

regions and three fbrest soils from Chiang Mii province. 

This paper reports the basic hydraulic properties of 12 major soils in the Northeast, 

particularly the saturated hydraulic conductivities kAkatanukul, 1981; Akatanukul and 

Treloges, 1982; Akatanukul and Sripo',g,)ankul, 1983) and the plant available water 

characteristics of these soils. Measurnmieat.; were made on the soil-root zones from 0 to 

60 cm. Such information is absolutely essential to the development of successful soil and 

water management practices that would provide for the implementation of effective and 

efficient crop production systems. 

Materials and Methods 	 Twelve soil series were included in the study: Korat (Kt), Nam Phong (Ng), Pak Chong 

(Pc), Satuk (Suk), Warin (Wn) find Yasothon (Yt) which are upland soils, and Kula 

Ronghai (Ki), Phimai (Pr), Roi Et (Re), Renu (Rn), Ubon (Ub) and Udon (Ud and Ud, 

clay) which are lowland soils. 

Both undisturbed and disturbed samples were taken at three depths 0 to 10, 10 to 30 and 

30 to 60 cm. Undisturbed samples were used to measure bulk density, saturated hydraulic 

conductivities and the soil water characteristics from soil water potentials of 0 to 

-0.33 atm. Both constant and falling head methods were employed to measuie saturated 
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hydraulic conductivities. Disturbed samples were used for measurements of particledensity, texture and water characteristics in the range of soil water potentials from -1 to-15 atm. Unsaturated aydraulic conductivity functions were determined on the Korat andRoi Et series following the procedure of Bruce and Klute (1956). All measurements ofbasic hydraulic properties were made by the standard soil analysis methods as described by
Black (1965). 

Soil Water Characteristics 

The water potential function is best expressed in the Brooks and Corey equation (1964): 

Se = (0 - 0r)/(Os - Or) = (hd/h)A , [j] 
where Se is effective sat',nuion; 0 is water content at inatric potential h; Or is residualwater content, of which air-dry 	water content is used in this study; Os is saturation watercontent; hd and A are constants. According to Brooks and Corey, hd is air-entry potentialand A is the pore-size distribution imdt.,. The dimension of 0 is percent volume; lid and h 
are given in atm. 

Texture Index 

Partic!e-size distribution is represented by texture index (TI) as described by Sillanpaa
(1982): 

TI = 0.1 (% sand) + 0.3 (% silt) + 1.0 (% clay). [2]
The size range is 2.0 to 0.02 mm for sand separates, 0.02 to 0.002 mm for silt and < 
0.002 mm for clay separates. 

Hydraulic Conductivity 

The unsturated hydraulic conductivity (K) is a function of matrix potential (h) and is 
expressed: 

K(h) = ah- n, [3] 
where K is in cm/s and h is in atm. Both a and 1l are constants. 

The average K for the whole profile is obtained by using the thickness of each soil layeras a weighting factor (Hiflel, 1980). 

L/K = I1/K, + + 13 /K3 12 /K 2 	 [4 

where I is the thickness of each soil layer from which unsaturated hydraulic conductiviity,
Ki, is determined. L is the total soil depth. 

L = t1 + 1'+ 13. [5] 

Results and Discussion 	 Basic properties, i.e., density, porosity and saturation water content, of all the soils are
summarized in Table 1. 

A very low buik density, I g/cm 3, is typical of the top layer of the Pak Chong (Pc) soilseries which has a high organic matter content. The second layer (10 to 30 cm) has ahigher bulk density resulting in lower porosity. If the structure is stable, the saturatedwater content should be the same as the porosity. In this study, upland soils showed an 
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Table 1. Summary of Soil Density, Porosity and Water 
Content at Saturation (0s) of Major Northeast 
Soils. 

Bulk Density Particle Density Porosity as 

Depth R. age Ave. Range Ave. Range Ave. Range Ave. 

............ g cin -3 ............ ......... % vol ...........
 

Upland Soils 

0-10 cm 1.00-0.54 1.37 1.86-2.74 2.40 37-47 43 20-54 38 

10-30 cm 1.03-1.56 1.41 2.03-2.61 2.24 34-51 40 32-48 38 

30-60 cm 1.15-1.52 1.35 1.89-2.41 2.21 36-43 39 33-49 39 

Lowland Soils 

0-10 cm 1.28-1.64 1.46 1.96-2.53 2.37 24-46 38 38-53 45 

10-30 cm 1.53-1.77 1.64 2.25-2.47 2.36 25-37 31 33-52 42 

30-60 cm 1.45-1.69 1.57 2.07-2.78 2.46 21-48 35 35-51 44 

unstable soil structure, i.e., upon wetting, pore size was reduced and volume decreased. In
 
contrast, the lowland soils showed a slight increase in their volume with wetting,
 
indicating the presence of a certain amount of swelling clay.
 

In Table 2, the parameters hd and A of the soil water characteristic curves (Equation [1])
 
and TI (Equation [21) are shown. The majority of the soils have low TI values indicating a
 
low percentage of clay separates. One exception is the Pak Chong series which has a very
 
high clay content. The pore-size distribution index is generally high with the exception of
 
the Pak Chong series. The higher A values mean that the soils have a narrower pore-size
 
range. It also indicates that at a specified matric potential, soils with higher A values will
 
release greater amounts of water rer unit change in matric potential. The low value of air
entry potential, hd, confirms the presence of large pores in most of these soils.
 
Apparently, Northeast soils consist mainly of large-size pores. This is clearly shown in the
 
calculation of the pore-size distribution as percent of total porosity (Table 3). In contrast to
 
Northeast soils, most of the soils of the Mae Klong Basin have TI values which exceed
 
50, indicating a predominanc: of small-size pores (Treloges, 1983).
 

Figure'; I and 2 are characteristic curves fo: two representative Northeast soils-Korat and
 
Roi Et. The shape of the curves and the close correspondence between the measured and
 
calculated values are evident. These two figures clearly show that water drains from these
 
soils easily when the water potential drops from zero (saturation) to -0.05 atm. Thus, the
 
ha.7ard of waterlogging in these soils is unlikely. In dry soils, the water content at a water
 
potential of -15 atm is two to five percent by volume. As dry as the soil may seem, its
 
water is still available to plants. This contrasts with the heavy-textured soils of the Mae
 
Klong Basin, where water is retained mostly in <0.2 mm size pores. Even though these
 
soils appear to be moist, soil water at a potential of -15 atm is not available to plants.
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Table 2. Texture Index (TI), Pore-Size Distribution Index 
(A) and Air Displacement Potential (hd) Values
of the 3oil Water Characteristic Functions. 

Upland Soils Lowland Soils 

Soil Depth TI A hd Soil Depth TI A hd 

cm ? cm aim 

Kt 0-10 15.6 0.45 -0.011 Ki 0-10 19.7 0.41 -0.044 
10-30 16.7 0.47 -0.021 10-30 16.2 0.45 -0.036 
30-60 22.9 0.32 -0.014 30-60 37.1 0.24 -0.072 

Ng 0-10 12.3 0.44 -0.016 Pm 0-10 28.8 0.31 -0.016 
10-30 13.9 0.39 -0.006 10-30 32.5 0.30 -0.038 
30-60 12.8 0.46 -0.(X)7 30-60 46.2 0.13 -0.007 

Pc 0-10 53.8 0.091 0 Re 0-10 19.6 0.42 -0.022 
10-30 81.3 0.063 0 10-30 21.0 0.32 -0.014 
30-60 94.4 0.088 -0.001 30-60 21.0 0.42 -0.015 

Suk 0-10 19.1 0.28 -0.010 Rn 0-10 17.3 0.48 -0.008 
10-30 20.7 0.35 -0.011 10-30 15.5 0.61 -0.043 
30-60 24.4 0.27 -0.002 30-60 21.1 0.34 -0.011 

Wn 0-10 29.9 0.28 -0.028 Ub 0-10 10.3 1.07 -0.033 
10-30 44.3 0.17 -0.014 10-30 20.5 0.36 -0.035 
30-60 48.7 0.!5 -0.008 30-60 13.9 0.65 -0.014 

Yt 0-10 22.6 0.43 -0.019 Ud 0-10 15.5 0.50 -0.040 
10-30 31.0 0.24 -0.007 10-30 15.7 0.52 -0.050 
30-60 30.1 0.28 -0.009 30-60 18.7 0.47 -0.031 

Ud, 0-10 34.4 0.23 -0.006 
clay 10-30 41.5 0.14 -0.002 

30-60 43.8 0.09 -0.00! 

An exponential relationship exists between A and TI (Figure 3). There is greater dispersionat both ends of TI. This relationship shows soil water characteristic behavior which is not
readily evident from textural information. 
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Table 3. 	Pore-Size Distribution as Percentage of Total 
Porosity. 

Soil Depth Pore Size 

> 3.0 mm 3.0-0.2 mm <0.2 mm 

..... .... ..... % ...... ... .....
 

Upland 0-10 42 39 19 

10-30 42 34 24 

30-60 43 30 27 

43 	 13Lowland 0-10 44 

1810-30 31 51 

30-60 34 42 24 

Mae Klong 	 0-10 13 42 45 

i-30 22 31 47 

30-60 17 35 48 

Table 4 shows the vaiues of saturated hydraulic conductivity for three soil depths. The 

mean for the 0 to 60 cm profile was calculated according to Equation [4] using the 
for all soils at a single depththickness of each soil layer as a weighting factor. The mean 

was calculated as a togarithinic average (Table 5). The lowest Ksat is the limiting rate for 

the 0 to 60 cm profile. Upland soils have a much higher conductivity than lowland soils 

(Table 5). For the I-,ter, the surface layer has the highest Ksat. The smaller Ksat at lower 

soil depths decreases the overall Ksat values of the root zone significantly. Consequently, 

lowland soils can be used for paddy production because they maintain standing water on 

the surface with negligible loss by deep drainage. Table 6 summarizes Ksat values for the 

0 to 60 cm profile for upland and lowland soils of the Northeast and also shows the 

comparable values for the Mae Klong soil series. The Mae Klong lowland soils have 

prope.ties that markedly limit the loss of water from the profile, their Ksat values being 
Northeast soils. There appears to be no relationshipthree times less than that of the majoi 


between Ksat values and other basic parameters such as porosity, bulk density, TI or X.
 

Unsaturated hydraulic conductivity functions were obtained for the Korat and Roi Et soil
 
- r 

series as shown in Figures 4 and 5. K and h fit the exponential function K = ah , where 

both a and T1are constants (Equation 131). Values for the two constants are shown in 

Table 7. Though the data are insufficient to correlate at present, they suggest that A is 

negatively and linearly correlated with rI. Thus, there is a gradual change in K as a 

function of the matric potential. The values of K(h) obtained for the Korat and Roi Et 

soils show 	 that the conductivity changes over five orders of magnitude as the water 

potential drcps from 0 to -10 atm (Figures 4 and 5). 
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Figure 1. Soil Water Characteristic Curves for Three Soil Depths
of Korat Soil Series. Symbols are Measured Values. 
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Lines are Obtained from Equation [1]. 
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Figure 3. 	 Relationship Between Texture Index (TI) and Pore-Size 
Distribution Index (N) of Upland and Lowland Soils. 

Linear scale plots of K as a function of h for the Korat and Roi Et soils show how sharply 
the conductivity changes as the matric potential drops below saturation (Figure 6). 
Assuming a uniform profile with a water potential of -0.05 atm, the movement of water 

due to gravity alone is roughly equal to the conductivity. In this case, the distance that 

water moves by deep drainage is about 5 cm/day. At this rate we believe that most of the 

applied water would remain in the 0 to 60 cm profile, allowing substantial water uptake by 

plants to occur. We propose that the easily available water at a water potential of -0.05 
atm be used as the upper limit for plant available water in the major Northeast soils. 

beenDirect measurements in the field of the field capacity of Northeast soils have not 

made. However, our field measurements of the Kamphaeng Saen soil series indicate that 

two days after heavy rains, tensiometer readings at a 30 cm depth rarely exceed a water 

potential of -0.01 atm. Therefore, we feel that for tropical soils like ours, a more realistic 

upper limit of plant available water is at water potentials between -0.05 and -0.33 atm. 

Using the soil water content at a water potential of -0.05 atm as the upper limit and soil 

water content at a water potential of -15 atm as the lower limit, Table 8 shows that for 

upland soil, the plant available water cap,..ty (PAWC) is 17 to 19 percent by volume. 

PAWC for lowland soils ranges from 22 to 27 percent for the three layers. The available 
water in the 0 to 60 cm root zone is 107 and 146 mm for upland and lowland soils, 

respectively. With a more conservative soil water potential of -0. 1 atm used as the upper 

limit, the PAWC of most soils would still exceed ten percent by volume. Consequently, 
our study showed that the plant available water capacity of most Northeast soils is quite 

high. The use of a soil water potential of -0.33 atm for the upper limit seems to 
underestimate the water holding capacity of these soils. 
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Table 4. Saturation Hydraulic Conductivity (Ksat) Values 

of Major Northeast Soils. 

Soil Depth (cm) Average 

0-10 10-30 30-60 

.................... 
 .................. . .
nu 0 mm day-] 

Upland
 
Soils
 

Kt 11.5 7.0 7.0 7.5 180 
Ng 19.6 9.7 1.0 1.8 44
 
Pc 
 131 240 2.3 4.5 109
 
Suk 10.8 6.1 7.7 7.4 178
 
Wn 
 5.4 1.5 24.1 3.6 86
 
Yt 
 7.1 7.1 22.5 10.8 259 

Lowland 
Soils 

Ki 2.5 1.6 8.0 3.0 72 
Pm 1.2 0.9 0.1 0.1 3
 
Re 
 8.0 0.5 4.8 1.3 31
 
Rn 
 8.3 6.3 6.9 6.9 166
 
Ub 
 4.1 0.7 10.4 1.8 43
 
Ud 
 6.6 2.7 0.3 0.6 13
 
Ud, clay 4.4 
 0.9 0.1 0.2 4 

The volumetric water content (ev) at a water potential of -15 atm correlates well with thetexture index (Figure 7). The relationship is in the form of: 

Gv = a + b log(TI) [61 

with values of the constants a and b shown in Table 9. Although the water content at asoil water potential of -0.05 atm has a relationship similar to the water content at apotential of -15 atm, its correlation coefficient is much lower and the data are morescattered. This is logical since at a water potential of -15 atm the surface area, whichrelates to texture, plays a dominant role, whereas at a water potential of -0.05 atm, waterfills most of the pores and structure becomes an important factor. 
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Table 5. 	 Range and Mean Values of Saturated Hydraulic
Conductivity (Ksat) for Successive Depth
Increments of Upland and Lowland Soils. 

Soil Type 	 Depth Range Mean 

11  .......
 cm......... mm r .. 

Upland 0-10 

10-30 

30-60 

5.4-131 

1.5-240 

1.0-24.0 

15.1 

10.2 

6.38 

Mean 	 0-60 8.18 

Lowland 0-10 1.0-8.3 4.20 

10-30 0.5-6.2 1.34 

30-60 0.07-10.4 1.29 

Mean 	 0-60 1.48 

Table 6. 	Mean Values of Saturated Hydraulic 
Conductivity (Ksat) for the 0 to 60 cm Root 
Zone of Major Northeast Soils and Mae Klong
Soils. 

Soil 	 Upland Lowland 

-
.... min 	 0 

Northeast 8.2 1.5 

Mae Klong 4.4 0.4 
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Figure 5. Unsaturated Hydraulic Conductivity (K) as a Function
of Matric Potential (h) for the Roi Et Soil Series. 
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Table 7. Parameters for Hydraulic Conductivity 

Functions 	of the Korat and Roi Et Soils. 

Depth 	 a T 

Korat 

0-10 cm 	 2.669 x 10-7 1.749 

10-30 cm 	 4.654 x 10-7 1.755 

30-60 cm 	 1.340 x 10-7 1.872 

Roi Et 

0-10 cn 1.465 x 10-8 2.761 

10-30 cm 4.380 x 10-8 1.970 

30-60 cm 1.929 x 10-7 1.884 

,
30 1 
Korat 

1 0-10 cm 
20 	 2 10-30 cm
 

3 30-60 cm
 

10 .
 
>, 2
 

E o u -.05 	 -0.1 -.15 -.2 

.
20

Roi Et 

1 1 0-10 cm
 
10 \ 2 10-30 cm
 

3-,.. 3 30-60 cm
 

2
 
-.05 -0.1 -.15 -.2
 

h, atm 

Figure 6. 	Unsaturated Hydraulic Conductivity (K) as a Function 
of Matric Potential (h) for the Korat and Roi Et Soil 
Series, Plotted on a Linear Scale. 
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Figure 7. 	The Relationship Between the Volumetric Water 
Content (Ov) and Texture Index (TI) of Upland and 
Lowland Soils. 

Table 8. 	Volumetric Soil Water Content at the Upper and 
Lower Limits of Availability and Available 
Water Content for Three Depths and the Total 0 
to 60 cm Root Zone of Upland and Lowland 
Soils. 

Soils Depth h, atm 	 Available 
Water Content 

-.05 -15 

C'I1 .......... % vo ............ .. n In
 

Upland 	 0-10 26.0 7.2 18.8 	 19 

10-30 26.4 9.3 17.0 	 34 

30-60 28.6 10.6 18.0 54 

Total 	 0-60 107 

Lowland 	 0-10 33.1 5.6 27.5 28 

10-30 33.4 7.4 	 26.0 52 

30-60 32.6 10.4 22.2 67 

Total 	 0-60 146 
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Table 9. 	Parameters for the Logarithmic Relationship 
Between Texture Index (TI) and Volumetric Soil 
Water Content (Ov) and Correlation Coefficient 
(r) at Soil Water Potentials of -.05 and -15 atm. 

h 	 a b r 

aitnit 

-. 05 	 .0949 0.149 0.488** 

-. 15 	 -.0323 0.293 0.939** 

** Significant at P _<0.01. 

Conclusions 	 The examination of hydraulic conductivity functions led us to conclude that even though 
the major Northeast soils a.'c of coarse texture, there is always an underlying layer within 
the root zone, 0 to 60 cm, that reduces water movement, retaining water in the profile for 
plant uptake. We propose that the soil water content at a water potential of -0.05 atm be 
used as the upper limit for the plant available water capacity. The problem of poor 
aeration is unlikely at this value. Moreover, at a volumetric water content of five percent, 
the soil water potential is still less than -15 atin, and some water is available to plants. 
Based on the hydraulic properties of major Northeast soils determined in this study, we 
conclude that the plant available water capacity of these soils is actually quite high. It 
would appear that with improved management techniques many of the problems previously 
attributed to poor soil-water relationships can be greatly minimized, allowing these soils to 
attain a substantially higher level of crop productivity in the future. 
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Hydronirphological Survey and Mapping of theNEPAD Project f'cr Tambon Kwang Chon, Phu Khieo District,
Chaiyaphum PR-vince of Thailand 

P. Pramojanee, V. Engkagul, M. Liengsakul and 
C. Manotham 
Department of Lant Developinent, Bangkok, Thailand 

ABSTRACT. This survey and mapping project provides basic datafor a small water resources deve!opinent project which was judged to be appropriatein the area. Surveyingprocedures inchded studying geomorphologic and other relevant hydrologic aspects of thearea. Te mapping units were based on geotnorphology and relativeperneability. Six mainunits were distinguished: the cuesta with high perineabilitv soil, the escarpment, the tmayswasting surface with high perneability, ihe wash surftice with nedium to highperneabihty, the denudationalslo with low perneability and an unidentied alluvialplain with low permeability. These units were fitrther subdivided according to relitfandforn. The surface lithology, which was in',:tlv unconsolidatedmaterial of various texturesunderlain by laterit, aind/or rock gravel, rock gravel, rotten and fresh bedrock,
indicated on was

the map as the different screens. Suitable locationsfor excavating shallowwells were rated by neans of perneability, topography and existing data, and were a/scindicated with the descriptionsof the subunits in the legend. 

Introduction The purpose of this survey and mapping project was to provide basic data concerning thehydromorphological properties of surface deposits in the Northeast Rainfed AgriculturalDevelopment Project (NFRAD) area. The study site was in Northeast Thailand, the driestregion of the country. With relatively low and erratic rainfall, crops in the region oftenstiffer losses due to drought. To solve this problem, measures to confine rainwater, as well as the introduction of shallow subsurface water for use, especially for areas with low
ground and surface water potential, were recommended. 

In ordei to implement such measures, small reservoirs, farm ponds and shallow wells willhave to be constructed or excavated. To determine the best locations for these resources,
knowledge of the hydromorphological aspects of the area is essential. 

Based oa the assumption that the hydrological aspects of any given area are related togeomorphology (Meijerink, 1974), the mapping units of this survey, hydromorphological
units, were based on geomorphic units. Identification and/or classification of thesegeomorphic features was done by means of aeial photointerpretation and ground survey.Further subdivision of the geomorphic units was done according to the relief and form ofthe land. The relative permeabiiity, rated as hydraulic conductivity, and the suitability ofthe land for excavating shallow wells, were also de-scribed. Surface lithology (to a depth of3 m below the surface) was screened as a background in the map. Locations for farm
ponds as well as reservoirs were recommended in the report. 

This survey and mapping project was the first attempt at applying geomorphology inThailand. Although it is not complete, it has proved to be relevant to the NERADProject's goals. More relevant data and/or pertinent interpretations and conclusions mightbe gained if some experimental studies, both in the field and laboratory, were conducted 
and physical hydrological data obtained. 

Brief Description of the The survey area is situated 'n the Northeast region of Thailand about 60 km north oiArea Chaiyaphum Province (Figure 1). Its shape is rectangular, approximately 7.5 km in width 
and 17.5 km in lengt&.; tne total area is about 130 km2 . The west side of the area isbordered by a 600 m escarpment which is a front slope cuesta. The other sides are notboundzd by distinct topography and/or landmarks (Figure 2). The western escarpment
slopes gently down to the east from an altitude of 300 m. At an elevation of 220 m, the 
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Figure 1. Location Map of the Area. 

surface is dissected by narrow 	channels which flow in a north-south direction and parallel 
the boundary of the area. The 	plain also contains a number of small streams which 
originate in the escarpment and flow from west to east. To the east of these channels, the 
surface rises gradually from 220 to 240 m at the boundary of the area. It is noteworthy 
that the west side of the interrupting channel is sandy and the east side is clayey. 

Geology 	 Structurally. d1e area is situated a, the outer rim of an anticlinal valley, adjacent to the 
escarpment of a synclinal cuest ridge (Figure 3). The bedrock forming the synclinal 
cuesta ridge is Lower-Middle Jurassic sedimentary rock, the Phra Wihan Formation. The 
valley consists of eroded anticlinal beds of Lower Jurassic sedimentary rock, the Phu 
Kradung Formation. The Phra 	Wihan Formation, forming the cuesta, consists of white, 
pink sandstone with some reddish brown gray shale and conglomerate. The Phu Kradung 
Formation consists mainly of brown or purplish rcd shale; brown, gray siltstone; and 
saridstone with sonic lime-nodule conglomerate. Borings which usually contacted the 
bedrock at relatively shallow depths indicated that most of the underlying bedrock is either 
shale or sandstone. The underlying bedrock of the western portion of the valley is an 
interbedding of shale and sandstone; the surface deposit is sandy and about 2 to 4 m deep. 
The surface of the eastmrn valley is usually covered by a laterite duricrust with shale 
present at a depth of I to 2 m. 
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Schematic Block Diagram of the Area 

W Wash surface 
D Denudational surface 

boundary of bedrock 
with uncertain extent 

Sfine-grain clastic 

j coarse-grain clastic 

Figure 2. Schematic Block Diagram of the Area. 

In areas where most of the covering soil is sandy, the surface stratigraphy consists of 
sandy or loamy materia!; laterite or gravel beds, loose or cemented; pallid or mottled clay
horizon; rotten rock; and fresh bedrock. The material flor the mottled clay zone 
downward should be sandy or ciayey depending on the kind of underlying bedrock. It issandy if the underlying bedrock is sandstone, and clayey if the underlying bedrock is 
shale. On the average, the sandy or loamy horizon is 1.5 to 2 m deep and the laterite or 
gravel horizon, mottled clay horizon and rotten rock horizon together are I to 3 m deep. 

In the eastern portion of the valley, in an area where the majority of the covering soil is 
clayey, the surface stratigraphy consists of a thin loamy or clayey covering soil, hard 
laterite crust, mottled clay horizon, rotten rock and fresh bedrcck, which is mostly shale. 
The depth from the surface to the bedrock averages 2 m. 

In some places bedrock is exposed at the surface. The sandy covering material is believed 
to be wash material from the escaipment and the clayey one is believed to be residual 
and/or local alternative material. 

Geomorphology The main geomorphic features in the area are the mass wasting surface, the wash surface,
the denudational surface and the alluvial plain. These major landforms were subdivided in
accordance with relief, morphology and processes. This will be described in detail later. 
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Figure 3. Geological Map of the Area. 

205 

http:wth.oc.sat.nd


Climate of the Area 

Land Use Vegetation 

Existing Surface and 

Groundwater Status 


The most conspicuous landform in the area is the boulder to gravel rock surface that 
occurs on the eastern slope of the escarpment. This rock debris, occurring both on the 
surface and in the soil, is believed to be the remnant of a rapid mass wasting deposit, i.e., 
a slumping or sliding of colluvial material on the escarpment. Subsequent geomorphic
 
processes have shaped it until at present, it is a gently sloping 
 surface. 

The most extensive landform in the area is the wash surface. In general, it gently declines 
from the mass wasting surface remnant to the dissected channel near the eastern boundary
of the area (Figure 2). This plain is dissected by a number of streams and their tributaries,
forming an undulating to nearly flat terrain. The southern portion is more dissected than 
the rest of the area. Along the streams and tributaries which originate from the escarpment
and flow in an east-west or northwest-southeast direction, a narrow to wide alluvial plain
is formed. 

In general, the plain at the eastern portion of the area is an undulating surface. Its
 
covering regolith is believed 
 to have been formed in situ or through local alternation and it 
has been mapped as a denudational surface. Some dissected channels that can be 
distinguished as an alluvial plain have been observed on its surface. The channel ",ith a
 
narrow flood plain, the dividing line between the wash surface or slope and the
 
denudational surface (Figure 2), 
 is believed to be the boundary of different beds along the 
strike direction. 

In the eastern portion of the study area, the covering soil material is influenced by wash 
processes and fluvial actions which have occurred in the past and present (Flenley. 1979;
Hastings and Liengsakul, 1983). The presence of abundant laterite crusts or gravel in the 
covering soil profile indicates that the region as a whole experienced itdrier era and/or
pronounced wet and dry eras in the past. To form crusts, laterite must be exposed to the 
air for oxidation processes to occur (Goudie, 1973: McFarlane, 1976), so the laterite must 
have been close to the surface. These lateritic surfaces were subsequently blanketed by the 
younger transported material which washed down from the escarpment and/or other
 
adjacent highlands when the climate changed to its present wetter condition.
 

Most of the rainfall in the area occurs during the southwest monsoon season from May

until October wit" periods o' drought in June and August (Table 1). 
 The maximum rainfall 
is in September and/or October and the driest months of the year are December and
 
January. Evapotranspiration is high from February until August. Temperature and relative
 
humidity do not 
vary much over months; the yearly average temperature is 27°C and the
 
yearly average relative humidity is 66 percent.
 

The greater part of this region is cultivated. The upland or relatively high land is used for 
growing crops such as jute, coin and cassava. Where water is available, vegetable and 
cash crops Lre planted. In the lowlands along ihe streams, most of the land is in paddy.
During the dry season the fields in this region ace not cultivated. it is mostly covered by 
Inperata grass. 

There are six main streams in the area; from north to south, they are Huai Yai, Huai Ma
Tai, Huai Sok Narong, Huai Hoi, Huai Ngu Luam and Huai Yang Yai (Figures I and 2).
Tributaries of Huai Yai, Huai Sok Narong, Huai Hoi, Huai Ngu Luam and Huai Yang
Yai originate from the escarpment, while the Huai Ma Tai and a number of dissected 
channels originate from the upland in the middle and eastern portions of the area. The 
general pattern of these streams is dendritic, except for the tributaries on the escarpment
which are subparallel. All the tributaries and streams in the area are intermittent. They
have continuous flow only in the rainy season, from June or July to November or 
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Table 1. General Climatic Information for the Study
 
Area. Data Were Collected from Three Stations
 
Within the Region Over 25 Years (1958-1982).
 
Evapotranspiration was Calculated by
 
Hargreaves' Formula (Hargreaves, 1981).
 

Month Rainfall 	 Evapotrans- Temperature Relative 
piration Humidity 

Average 	 No. of Mean Max Min 
Rainy 
Days 

m n 	 nu ........ 0C ....... %
 

Jan 3 I 127 24 30 17 55
 

Feb 13 2 133 27 32 20 54
 

Mar 38 3 171 29 35 24 55
 

Apr 67 5 175 30 36 24 60
 

May 152 10 167 30 34 24 70
 

Jun 122 9 145 29 33 24 73
 

Jul 118 10 146 28 32 24 75 

Aug 129 I1 141 28 32 24 77
 

Sep 276 15 125 27 31 24 80
 

Oct 117 6 121 27 31 23 72
 

Nov 19 1 113 26 30 20 63
 

Dec 6 0 117 24 30 18 58
 

Year 
(annual) 1060 73 1681 - - -

Yea
(average) - - - 27 32 22 66 
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Survey and Mapping 
Procedures 

December. In the early dry season, however, some waterlocking bodies, including a fewreservoirs, can be observed along the streams. These become completely dry from March 
to May or June. The only water resources for people during this period are shallow wells
of which there are only a few that provide permanent yield through ephemeral seepage.
The wells were excavated in old and recent dry stream channels at the rim of the upland
and on the alluvial plain. The depth of shallow wells in the area is 2 to 4 i. The two
southern streams, Huai Ngu Luam and Huai Yang Yai, have many tributaries, both on theescarpment and plain. Thus, this area is very dissected and abundant narrow flood plains
are formed. Many suitable sites for shallow wells are present and drought problems for
people there are comparatively minor. At the head of' Huai Ngu Luam where many
tributaries from the escarpment join, a sizeable reservoir was constructed. In the future,
drought problems for this area might be solved. 

The groundwater level, except in the flood plain, is 30 to 45 ni deep (Table 2). From a
comparison of the disrharge and the drawdown, the wells seem sufficient only fordomestic use. The discharge rate is slow, too. Based on this data, the use of groundwater
for agricultural purposes seems impossible. The low discharge rate, as well as the low
availability of groundwater, might be, among other factors, due to the properties of theaquifer, which is an anticlinal valley with fine-grain clastic bedrock. The only measures
that can be economically applied to solve the drought Problems in the area are to confine
surface water or induce near-surface water for Construction of ause. large reservoir that 
can provide water for the area requires a substantial investment. In addition, a largereservoir supplies water to locales having certain characteristics, and not to the whole
 
area. The most suitable measures for the present socioeconomic situation and physical

conditions of the area are to construct farm ponds for confining rain water or to

intensively excavate shallow wells to induce near-surface water for use. Most of the area

has a clayey impermeable layer at a depth of about 2 to 3 i. The depth where the 
nearsurface water is available is the depth at which the clayey layer is present. Therefore, the
construction of farm ponds, as well as the excavation shallow wells, should work well in
this area. Survey and mapping of hydromorphological properties in the area are needed to
determine the most suitable locations for shallow wells and farm ponds. 

Hydromorphological properties involve geomorphology, lithology, permeability/infiltration

of the covering soil and land use or vegetation. The survey procedures thus start with an
 
aerial photogeomorphological interpretation of the area. 
 Since land use and vegetation varywith the landformn, field wo rk emphasized the investigation of lithology. the determination
of hydraulic conductivity and studying the reliability of the interpreted geomorphological
unit. Because they have been classified and described according to relevant hydrological
factors, the mapping units are termed morphohydrological units. '[he main mapping units 
are the geomorphological units which have been classified in accordance with the genesis
of landfbrms. Further subdivisions were based on relief' and form. In addition to
geomnorphological aspects, relative pcrmeabiliiy of' the soil I to 1.5 in from the surface,
estimated from its hydraulic conductivity, and the degree of it:s suitability for excavation of
shallow wells were included in thL description of the mapping unit. The degree ofsuitability was evaluated from observations in the field and deductions from aerial 
photographs. Surface lithology, relevant geomorphic processes and form were also
indicated in the map as different screens and symbols. In rating the suitability of the
terrain for shallow wells, the availability of the water, the capability of' confining water
and topography or physiographic position were taken into consideration. Among thesefactors, the most weight was given to availability of the water. The relative permeabilities,
estimated from the hydraulic conductivity, are shown in Table 3. 
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Table 2. 	Deep Well Records of the Study Area. These 
Records Have Been Taken From the Department 
of Mineral Resource Well Logs. 

Location Well Yield Static Depth Draw- Aquifer 
Number Water Drilled Down Rock Type 

Level 

U. S. gpmn ........ ft ........
 

Ban Kut Chanuan D 432 52.4 10 60 10. I Shale 

30.6 12 	 28.4 

Ban Nong 	Bua N 321 13.0 16 120 49.0 Shale 
Phak Kwian 

Ban Nong 	Po N 322 26.0 22 160 43.0 Shale 
Daeng
 

Bal Non Thong D 409 13.7 22 100 65.2 Shale 

Ban Kwang Chon 1)431 19.81 8.3 80 49.S Shale 

Ban Don Champa 1) 433 29.3 21.8 100 42.6 Shale 

Ban Nong 	Kung D 408 15.7 21 120 66.1 
Mai 

Bail Nong 	Khan N 385 12.0 29 120 31.0 Clay 

Ban That N 316 22.0 33 140 52.0 Clay 

Results and Discussion The llydromorphological Unit 

Six main hydromorphological units were recognized in the area. They are the gently 
sloping cuesta top, the e:scarprnent, the mass wasting surface, the wash surface, the 
denudational surface and the unidentified alluvi-al plain. Details of each are described in 
Table 3. 

L The Gently Sloping Cuesta Top 

The gently westward-sloping cuesta top at the extreme western portion of the area forms 
two levels. This is probably due to, minor local displacement or variable resistance 
(composition) of the bedrock. Consequently, the cuesta top has been subdivided into higher 
and lower cuesta. The elevation difference between these two levels is 90 m. The higher 
level occupies the northernmost portion and includes about one-third of the cuesta. The 
surfaces of these two different subdivisions are slightly dissected and characterized by 
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Table 3. Actual Hydraulic Conductivity and Relative 
Permeability Classes of the Hydromorphological 
Units of the Area at Soil Depths 	of 30 and 60 
cm. 

Hydromorphological Unit 	 Actual Hydraulic Relative 
Conductivityt Permeabilityf 

Main Unit Subunit 30 cm 60 cm 30 cm 60 cm 

- !................ cm h ................
 

Unidentified 1.90 0.11 moderately very slow 
alluvial plain slow 

Nearly flat Nearly flat in 	 11.1 2.35 moderately moderate 
wash surface general high 

Dissected channel 1.66 0.45 moderately slow 
or depression 	 slow 

Undulating Undulating in 	 19.3 3.38 high moderate 
wash surface general 

Dissected channel 6.20 1.90 moderate moderately 
or depression slow 

Denudational Undulating in 0.20 0.06 moderately very slow 
surface general slow 

Dissected channel 0.05 0.09 very slow very slow 
or depression 

Mass wasting Undulating in 9.10 8.20 moderately moderately
surface general high high 

Dissected channel 4.3G 0.25 moderate slow 

Cuesta Top 	 13.3 high 

t Actual hydraulic conductivity is an average value. 
f Relative permeability classes adapted from Table 31-1 (American Society of Agronomy, 1965). 

nearly flat, gently sloping terrain dotted by a few outcrops. The westward-sloping direction
is controlled by the bedrock structure. 	Few streams were observed and most flow west. 
Therefore, these subdivisions cannot be counted as the catchment of the surveyed area.
The covering soil is loamy with sandy 	texture and high permeability. This shallow soil is 
derived from in situ weathering material of sandstone, which is normally present at 
shallow depths. The vegetation is mostly grass, ";specially hmperata grass, dotted with 
large secondary trees. 
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2. The Escarpment 

It is the front slope escarpment of the cuesta where most of the streams in the area 
originate. This has been subdivided into two units: the bedrock scarp and colluvial scarp. 
The bedrock scarp occupies the higher elevations and is steeper 'greater than 60 percent 
slope). Alignment of bedrock and the rock surface can be observed clearly both in aerial 
photographs arid in the field from the bedrock scarp. Most of the bedrock is an alternating 
sequence of sandstone and shale or siltstone. The colluvial scarp is more gently sloping. It 
exists where the bedrock is obscured by collivial material. The bedrock alignment, 
therefore, cannot be observed from aerial photographs of the colluvial scarp. It is strongly 
dissected; gullies and channels are abundant on its surface. On its footslope many slope 
and rock fans can be observed, both in the field and in aerial photographs. The covering 
soil is shallow and composcd of sandy or loamy material and boulders and/or rock gravel. 
It is covered by moderately dense secondary fbrest. Erosion features other than gullies are 
rarely observed. Due to the dip direction (westerly) of the bedrock, springs are not 
observed even in the bedrock scarp. These two subunits arc the catchment of the survey 
area. 

3. The Mass Wasting Surface 

The mass wastin, surface is the undulating terrain adjacent to the escarpment. On its 
surface, rocks fron big boulders to gravel are present. The surface is believed to be 
formed by mass wasting, i.e., either sliding or slumping. To some extent, this surface has 
been shaped by subsequent wash processes and dissected by a number of streams until its 
relief became undulating with a slope of three to six percent. 

The mass wasting surface has been divided into two subunits: the undulating surface in 
general and the dissected channel. On the undulating surface, as mc',tV-'n,:d previously, 
abundant rock from boulders to gravel are present. These kinds of rocks are also present 
in the covering soils which are sandy or loamy in texture until they reach the rotten and/or 
fresh bedrock. The underlying bedrock is not necessarily the same type of rock as the 
boulders or gravel present on the surface and in the profile. The permeability of the 
covering soil is moderate to high. Excavation of shallow wells on this surface is not 
advised because of the presence of abundant boulders and the unavailability of near-surface 
water. 

On the dissected channel, the covering soil material is of a finer texturt: and fewer 
boulders are present. Permeability is slow. As the lowest position of landscape in the unit, 
it is moderatcly suited fbr shallow wells. This is confirmed by the existence of some 
shallow wells in this unit. 

4. The Wash Surface 

The wash surface is the most extensive unit in the area. It is the gently sloping surface 
descending eastward from the mass wasting surface to nearly the end of !he eastern 
boundary. Geologically, it is believed to be the erosional bedrock surface blanketed by 
subsequent wash materials from the escarpment. Most of its covering soil material is sandy 
or loamy, and is underlain by a laterite or rock gravel layer, inottled clay or pallid zone, 
rotten bedrock and fresh bedrock. Where the topography is more pronounced, the 
underlying gravel is laterite and the bedrock is shale. The texture of the mottled clay or 
pallid zone usually conforms with the type of bedrock, e.g., if the bedrock is sandstone, 
the texture of that zone is sandy clay or sandy clay loam. In general, the permeability of 
the covering soil is rapid to moderate. Due to the presence of an impermeable layer, i.e., 
the mottled clay or pallid zone, drainage in some places is moderate to poor. This unit is 
divided into two subunits according to relief: the undulating terrain and the nearly flat 
terrain. 
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5. The Undulating Denudational Surface 

This unit occupies the easternmost portion of the area. It is believed to be the source of
the local fine-grain clastic bedrock. In general, it is undulating terrain with shallow
covering soil material (not more than I in) and has been dissected to some extent. It hasbeen divided into two subunits: the undulating surface in general and the dissected channel 
or depression ini-betwcen. 

5.1 The Undulating Surface in General 

Within the subunit, two distinct forms were observed with respect to underlying strata.
One is presen as a moderately deep to deep clay covering soil material (not more thanI in) underlain by soft powdery and/or gravelly lime, rotten and fresh fine-grained elasticbedrock. The other is characterized by a relatively shallow loam or clay loam coveringsoil material (not more than 50 cm deep) underlain by a laterite crust or a gravel layer,
mottled clay or pallid zone, and rotten and fresh fine-grain clastic bedrock. These two
different forms were differentiated in the map by screening. According to soil texture andstratigraphic variation, permeability is slow to medium over slow. The soil texture, the presence of an impermeable layer (either laterite crust or bedrock) at relatively shallow
depths, local relief and topography indicate that subsurface water should be availableduring a certain period in the rainy season. However, water can completely dry or drainout of the area by means of evapotranspiration and/or lateral seepage in a relatively shortperiod. Therefore, the excavation of shallow wells is not recommended for this subunit.
With two to five percent slope, this subunit is used for various kinds of upland crops,e.g., corn, fiber crops and sugarcane (where soil is underlain by a lime layer), and
secolllary dipterocarp forest (vhere the soil is shallow and underlain by laterite crust). 

5.2 The Dissected Channel and/or the Depression In-Between 

Like the other subunits with similar nomenclature, this is the recent and former drainagechannel of the terrain. It has more or less the same texture as the previous subunit, but the
covering soil is thicker. The permeability of this covering soil is low and drainableconditions are relatively poor. This subunit is not suited for shallow wells. It is usually
used for paddy fields. 

6. Unidentified Alluvial Plain 

Along the major streams and tributaries, low-lying flat surfaces were observed. Thesesurfaces are believed to have formed by sedimentation and erosion processes induced bythe water in the streams. The texture of" sediments in these flat surfaces varies from loamyto clayey depending upon the source of the sediment, the properties of the basement (incases of formation by erosional process) and the texture of the covering soil of the
adjacent highland from which the sediment washes. Tile soil in this unit is quite deep
(more than 4 i) and heavy. 

As an alluvial deposit, the soil profile shows some stratification. Its textural variations
from 0 to 1.5 m have been shown in the map as different screens. The soil in this unit has 
a relatively heavy texture, sandy clay loam to heavy clay, permeability is slow and 
drainage conditions are poor. 

From field observations made in June, groundwater is present at shallow depths, 2 to 3 m
from the surface. Groundwater is usually present at the depth where the texturalcontrasting layer to the overlying soil is found, that is, if the overlying soil is of a loamytexture, groundwater will be found at a depth where the clayey layer is present. In the dryseason, abundant shallow wells have been excavated ini this unit, both for domestic 
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Suggestions and 
Recommendations in 
Construction and 
Excavation of Farm Ponds 
and Reservoirs 
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consumption and for irrigation of vegetable plots. This unit is the most suitable place for 

shallow wells. At preent, most of this unit is used for transplanted rice. 

In excavating the farm pond, two things are important: the locattion and size. 
Topographically, the farm pond should be located where there is sufficient catchment area 
for both seepage and surface water, i.e., in lowland areas. Along the dissected channel of 
the mass wasting surface and the alluvial plain are such places. In the alluvial plain, the 
excavation of shailow wells is easier and more effective, so farm ponds are not 

recommended. Moreover, large farm ponds could he troublesome to paddy field practices 
during the rainy season. Thus, only along the dissected channel is the excavation of a fari 

pond recommended. For irrigation purposes, the most suitable location is the area near the 

highest elevation of the dissected channel. From this position, water can be supplied to 
low-lying areas in the channel and to the adjacent highland through simple irrigation 
practices. The lower part of the channel can also serve as a spillway to rele,,se water from 

heavy raintall when the pond is already full. 

The size of the farm pond; irrigated area; nature, properties and environmental context of 

the site; kind and growing period of crops; farm management and practices; and climatic 
data of the area must be considered together. These factors have to be investigated. 

As mentioned earlier, a sizable reservoir has been constructed at the head of lluai Ngu 
Luam stream where many tributaries firon the escarpment join. Constructing a reservoir is 
a high-cost investment and the present socioeconomic situation precludes this. However, as 

the demand for available water increases, reservoir construction will become a higher 
priority. There are two other locations that are suited for reservoirs. They aire at the head 
of Huai Sok Narong and Huai lHoi streams. Many tributaries from the escarpnwnt join 

there and a large amount of water is believed to be available as the area is alluvial plain. 

The authors wish to thank Mr. Paul Hasting and Mr. Martin J. Newport for their help in 

reviewing this manuscript. We also express our gratitude to Miss Wanvipa Sinsuk for her 

enthusiastic help in typing this paper. 
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Farmers' Attitudes Toward Soil and Water ConservationPractices: Barriers to Acceptance and Cost-Sharing
Incentives 

N. Palasuwan, S. Sornbatpanit and A. Chumsaniut
Departnent of Lind Development, Bangkok, 7hailand 

ABSTIRCT. Soil erosion became a serious problem in Thtailanl 25 to 30 years ago. Soiland water conservation has encountered several obstacles and found some success,especially in snall holdings. Soil conservation practices are' accepted and adopted by thefarners when the' fit into their present farming systems. At this time, the increasedimportance of soil conservation in lhailandhas prompted a number oJ researchers toSqblish the fasibility of applying the cost-sharing system here. In a survey in Nakonxatchasimna Province, the 306 farners interviewed expressed their willingness to cooperatewith governmet agencies and operate soil and water conservation measures on a costsharing basis. 7ie overallfigures obtained from the interview indicate that 78.4 percent offarmers are able to pay up to 25 percent of the cost of installing conservation measures ontheir lands; 20. 9 percent may pay up to 50 percent; and negligible nunbers, i.e.,0.4 percent and 0.3 percent can pay up to 75 percent and 100 percent, respectivel . Thetsurvey shows that the chances o" implementing cost-sharing in Thailand, particularly in theNakon Ratchasima area, is very high. The authors, therefore, wish to ask the authorities ofthe Department of Land Developmnment, Departmnent of Agricultural Etension and otheragencies concerned to seriou. lv consider this as a viable approach to soil and waterconservation programs to Preserve our rich land heritage and feed oumr future generations
and other himnpr people., 

Introduction Soil erosion is Thailand's most serious natural resource problem. Soil, the foundation ofagriculture, is being lost at an alarming rate. A Department of Land Development 1980publication entitled "Soil Erosion in Thailand" points out that about 17 Mha of landwidely distributed throughout the country have rates of soil erosion ranging frommedium to hishi adegree of severity, particularly in upland soil areas with slopes greaterthan five percent. The severity of' soil erosion increases in the highlandNortheast and Central Highlands of the country 
areas of the North,

where shifting cultivation and cultivationwithout proper conservation measures are widely practiced. Soil erosion in Thailand willbe more scrious in the future because the demand for cultivated land is steadily increasing. 

The Department of Land Development has been involved in the soil and waterconservation program since 1963 by providing technical services asconducting research needed by farmers,and demonstrations at land development stations and by providingtraining in soil and water conservation for extension workers and farmers. To date, mostof the land development projects have been carried out as free services to farmers withoutany financial obligation from them. This has resuited in limited areas of operation andnoncooperation by the farmers, thereby causing failure of the conservation measuresapplied to the fields. Because of the 
whether soil and 

need for stronger incentives, we began to investigatewater conservation could be implemented on a cost-sharing basis,blending the American experience with Thailand's social and economic conditions. 

Magnitude of Soil Loss Soil eroskm became a serious problem in Thailand approximately 25 to 30 years age. Therapid increase in population together with diversification of crops for industries and exporthave resulted in much of the forest being cleared. Much of this new land is verysusceptible to erosion because of topography, soil and rainfall characteristics. The extentdamage by erosion, however, deends of 
on the types of land use and level of management.It is estimated that 17.2 Mha or 33 percent of the country has been moderately to severelyeroded (Table 1). Suspended sediment from all watersheds is estimatedtons annuaily. to be 27 millionErosion has also affected environments and has caused severe sedimentationin streams and reservoirs (Sombatpanit et al., 1984). 
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Soil and Water 
Conservation in the Past 

Before 1963 soil and water conservation activities were divided among several departments 
of the Ministry of Agriculture and Cooperatives. These departments carried out soil and 
water conservation projects on a small scale and mainly emphasized research work. In 
1963 the Thai Government decided that soil and water conservation and management 
projects should be consolidated and expanded in the country. The Department of Land 
Development was thus established in 1963 under the Ministry of National Development. In 
1973 the Departnmcnt was transferred to the Ministry of Agriculture and Cooperatives. The 
main functions; jt the Department are: 

I) Conducting sot! and land classification and evaluation, 

2) Establishment of land policies and land use planning, 

3) Conservation and development of' land and water resources, and 

4) Reclamation of land in order to bring degraded and problem lands into production. 

During the early stages, some financial assistance was gi\en by IJSAID ftr soil and water 
conservation. The most common conservation practice at that tinie was the construction of 
field terraces, both level and graded. Later on, bench terraccs and hillside ditches were 
constructed on high slopes. The construction of faint ponds started in 1970, but not until 
1975 did it become a popular feature of rural 	 d\elt)[1LI programls. 

Table 1. Areas Affected With Soil Erosion in Thailand 
(Soil Erosion in Thailand, Department 	of' Land 
Development, Ministry of Agriculture and 
Cooperatives, December 1980). 

Degree of Area Percent 	 Land Use Situation 

Soil Erosion 

Very low 19.0 36.0 	 Forest, rubber tree, fruit tree, paddy field 

Low 14.4 28.1 	 Forest, fruit tree. paddy field 

Moderate 4.2 8.1 	 New rubber, new fruit tree, upland crops,
 
torest/upland crops
 

High 6.8 13.3 	 Upland crop, fore,;t/upland crops, slash and
 
burn practice
 

Severe 6.3 12.2 	 Upland crops, forest/upland crops, slash and 
burn practice 

Others 0.7 0.2 	 Water resources, rivers, shrimp farm,
 
mangrove swamp, beach, etc.
 

Total 51.40 100.00 
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There are now several thousand farm ponds throughout the country and more will beconstructed in the near future. The practices mentioned so far are now major componentsof land development projects in several locations in the country. On a country basis, soilconservatioa is practiced primarily in the North, and less in the Northeast and the
Southeast. 

larmers' Attitudes We conducted a survey to determine who the farmer consults if he has a soil problem. WeToward Soil and Water found that most farmers wereConservation Practices not able to solve soil cons'rvation problems by themselveseven though they knew the cause. More than half o.' thc farmers asked were more willing
to consult the Land Development Officers than other individuals (Table 2). 

The survey shows farmers know the right place to go for help if they have trouble.However, the services provided in these villages are minimal because of budget andmanpower constraints. We attempted to assess the farmers' familiarity with soilconservation by asking them several questions. The data in Table 3 show that mostfarmers knew the terms "soil conservation," "soil erosion," "soil improvement," and"how to make good soil." They understood the concepts but lacked knowledge of soilconservation methods and practices. There are many ways to conserve soil according to 

Table 2. Percent Distribution of the Person Farmers Will 
Ask for Help if They Have a Soil Problem. 

Whom do you think to ask for help if you have a soil 

problem? % 

I. Friend 
0.9 

2. Headman 
14.9 

3. Kaset Tambon 
6.3 

4. General Civil Servant 
1.3 

5. LDC Worker 
58.5 

6 Kaset Tanibon and LDC Worker 5.0 

7. Headman and LDC Worker 5.0 

8. Kaset Amphoe 
1.8 

9. Other 
2.7 

10. Don't Know 
3.6 

Total 
100.0 (222) 
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Table 3. Percent Distribution of "Wording" in Soil 

Conservation. 

Do 	You Know % 

1. Water and soil conservation 	 100.0 (222) 

Yes 	 81.1 

No 	 18.9 

2. Soil erosion 	 100.0 (222) 

Yes 	 80.2 

No 	 19.8 

3. Soil improvement 	 100.0 (222) 

86.0Yes 

14.0No 

4. How to make good soil? 	 100.0 (222) 

Yes 	 85.4 

No 	 14.6 

the 	location, ecology and agricultural "know-how," i.e., socioeconomic experience. For 
example, we found that all kenaf is sold to market and farmers do not use it as green 
manure. Conservation is very abstract to them. Consequently, the Department of Land 
Development has used cost-sharing incentives to encourage and transfer this technology to 
farmers since 1960, but it is only one element of their total program. 

Where Cost-Sharing has 	 As mentioned before, many social and economic development projects, including the land 
been Done in Thailand 	 development ones, have given much aid to the cooperating farmers, making them feel the 

structures created on their land belonged to the government and not to them. As a result, 

most of the field terraces built in the past were neglected and frequently were plowed 
clown by hired tractors. Many of the cooperat:ng farners feel that if any of the structures 
deteriorate, the government's personnel will restore them. They rarely repair damage by 
themselves. 

To date there have been quite a number of conservation programs that can be categorized 
as cost-sharing. They are: 

1) 	 Acid Sulphate Soil Improvement Project. The farmers who till 9G0,000 ha of acid 
sulphate soils in the Central Plain can receive free marl from the government's marl 
pit 100 km away. They must pay for transport which currently costs 100 B/t. 

2) 	 In many provinces farmers tilling sloping lands can ask the land development stations 
in their vicinity to help them construct field terraces to reduce erosion. In this 
program the government's personnel come to the farmer's fields with the station's 
farm equipment to construct terraces using fuel bought by the landowner. The same 
program applies to the construction of farm ponds. 
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Survey of Farmers' 
Opinion Toward., Cost-
Sharing 

There are also projects administrated by other government agencies which are similar innature. One project worth mentioning is the electricity utilizing promotion program of theProvincial Electricity Authority (PEA). In theory, the PEA should establish main electricallines to all villages in the country, but in practice this is not possible. Hence, the PEAproposed to each village that if it would contribute at least 30 percent of the cost of mainlines, the Authority would give that village a higher priority than those villages that didnot contribute. After completion, the villagers felt proud that they bore a part of the costof the undertaking. This kipd of cost-sharing is considered an effective tool in accelerating
the electrification of the rural areas of Thailand. 

In order to establish whether farmers in Thailand are prepared to accept cost-sharingprograms in soil and water conservation, a survey was conducted in the Province ofNakon Ratchasina in August 1984 (Palasuwan et al., 1984). Altogether, 306 farmers from
the districts of Pak Chong, Sikew and Soongern were interviewed. Essential results are
summarized in the two tables below. Table 4 shows that among the constraints that
prevented farmers from implementing soil conservation practices on their lands, lack of
know-how arid lack of ;unds accounted for 43.5 and 42.7 perc.mt, respectively; otherconstraints were minor. This finding reflects the need for both soil conservation educationand funding from the public authorities (Upayokin ct al., 1983). 

The survey also revealed that most farmers (78.4 percent) are willing to pay 25 percent ofsoil conservation costs, while 20.9 percent are willing to pay up to 50 percent (Table 5).
The numbers of fairmers willing to pay up to 
75 percent and 100 percent of soil 

Table 4. The Reasons Why Farmers Do Not Implement
Soil Conservation Measures on Their Lands in

Nakon Ratchasima Province.
 

No. Nature of Reasons % 

I. Lack of know-how 
43.5 

2. Lack of funds 
42.7 

3. Fear of difficulties in land preparation 4.8 

4. Fear of losing part of cultivable land 3.4 

5. Do not believe the measures can help 2.7 

6. Do not know how much the damage would be 1.3 

7. Fear of increased investment 1.0 

8. Do aot think they are necessary 0.6 

Total 
100.0 
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Table 5. 	Percent of Farmers Willing to Pay Varying 
Portions of Soil Conservation Costs, Nakon 
Ratchasima Province. 

Soil and Water Percent of Farmers Willing to Pay
 
Conservation the Following Portions of the Cost
 
Meas-ires
 

25% 50% 75% 100% Total 

...................... ........... ........
 

1001. Field terrace 	 79.6 19.1 0.6 0.7 

2. Hillside ditches 89.1 10.6 0.3 - i00 

3. Farm 	roads 67.1 32.6 - 0.3 100 

4. Waterway 	 68.3 31.0 - 0.7 100 

5. Farm 	ponds 84.7 14.3 0.7 0.3 100 

6. Covercrop seeds 84.0 15.0 0.7 0.3 100 

7. Greenmanure crop seeds 83.0 16.0 0.7 0.3 100 

8. Fast-growing plant materials 64.3 35.1 0.3 0.3 100 

9. Grass 	seeds or cuttings 85.0 14.3 0.7 - 100 

Average 	 78.4 20.9 0.4 0.3 100 

are willing 	toconservation costs are negligible. A closer examination of those farmers who 
pay up to 	50 percent of the cost of conservation measures is enlightening. 

In this case, the conservation measures could be divided into two categories, i.e, those for 

which more than 30 percent of farmers were willing to pay 50 percent of costs, and those 

for which less than 20 percent of farmers would pay 50 percent. It can be assumed that 

for farm roads, waterways and fast-growing plant materials, the farmers already realize 
very much needed now? The figuretheir usefulness. But how about farm ponds which are 

of 14.3 percent could be explained as follows: although farm ponds are very much needed, 

they are rather expensive to build and on many occasions farmers could have them 

constructed free of charge through existing government programs. 

The figures in Table 5 show that most soil conservation measures are essential, not only 
for the farms, but also for the communities and well-being of people far into the future. 

with cost-sharing figures for the United States--AmericanThe findings also conform well 

farmers pay 20 to 50 percent of the cost of soil conservation.
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These results are very encouraging. However, the authors would suggest that theauthorities concerned (DLD, DOAE, etc.) determine whether the farmers who wereinterviewed have any more or fewer problems after our mobile units have implementedconservation measures in their fields. If they can receive the aid tinder the agreed terms, itmeans people in that area are well-informed and are ready to cooperate with the authoritiesto preserve the soil and water resources of the country. The success in the NakonRatchasima area will serve as a model for other land development projects to assure a realsuccess and not an apparent one. The success of soil conservation in this country willfurther assure that Thailand will retain its role as one of the main producers of food for ahungry world for a long time to come. 

From the results of the survey conducted in Nakon Ratchasima Province, it can beconcluded that cost-sharing programs which contributed so much to the continued successof the soil conservation movement in the U.S. can be used as an important tool inpromoting effective soil conservation meas;ures to preserve the agricultural lands of this
country. The authors suggest that the authorities concerned 
use this tactic in combinationwith other procedures for present land development projects and in the future. 
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Introduction 

Project Summary 

The Sukhothai Ground Water Development Project 

C. Samitobol 
Department of Agriculture, Bangkok, 7hailand 

ABSTRACT. This paper assesses the changes in croppin, patterns and the economic status 
of farnersafter itc establishnent of a suppJlemental groundwater irrigationproject at 
Sukhothai. The soil, water and crop management pra(ticesand constraints to agricultural 
protction under supplemin'tal irrigation are discussed. Finally, some alternativesibr 
research and development of improved inanagetnentpracticesare suggested. 

Primary enlphasis is directed toward the improvement of irrigationwater use efficienc 
through increasing the rate j water distributin and, in turn, decreasing water losses from 
the soil root zone. The litnits of sulplemental irrigation in crop production are well 
recognized. 77e utilization of residual soil moisture and the selection of soybean varieties 
having a lower water requirement and which can comtpete cflectively with weeds for 
resitual moisture and nutrients are also discussed. 

The importance of irrig~ition projects in providing a reliable source of water for crops has 
long been recognized in agricultural development in Thailand. Despite the relatively high 
annual precipitation, a considerable portion of the agricultural land in Thailand is subject 
to moisture stress and drought because of erratic rainfall, excessive runoff and light
textured soils which have Io'plant available water capacities. 

Although a large portion of the rainftll is not initially available to crops because of rapid 
percolation through the soil profile, the stored underground water can be brought back to 
the soil surface through tube wells. The Sukhothai region is known to have a large 
reservoir of underground water because of a high recharge rate from the Yom and Nan 
Rivers that flow through the area. Since Sul.i.,thai soils are among the more productive 
agricultural soils in the country, utilization of this groundwater for irrigation to increase 
crop productivity was given a high priority. By the end of 1981, the Sukhothai Project 
consisted of sonic 100 tube wells provided with electrically operated pumps that were 
serving 30,000 rais of cultivated land. The implementation of this project has had a 
considerable impact on the entire area. Even though the farmers were initially 
inexperienced in irrigated agricultural practices, their net income doubled after two years 
of operation. Nevertheless, the soil, water and crop management practices employed here 
are poor, resulting in very low irrigation efficiency. Low irrigation efficiency has been a 
major constraint to increased agricultural productivity. 

The purpose of this paper is to provide information on changes that have occurred in the 
Project area, the acceptance of new management practices by fairmers, constraints to 
increased production efficiency, and some selected research and development activities that 
may significantly improve the production efficiency of the Projet; area. 

Some selected statistics for the Sukhothai Ground Water Project are presented in Table 1. 
This discussion is limited to the activities of Zone 2 of the Project which have been in 
operation since 1982. It is interesting that this is one of the few, if u)tthe only, irrigation 
projects, that have an underground water distribution system through a pipeline network. 
Conveyance loss is expected to be significantly less than for a conventional open-ditch 
system. Capacity of water supply varies from well to well. Records have been made at 
individual wells each day for operation and maintenance purposes as well as for collection 
of water fees. 
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Table 1. Basic Information for the Sukhothai Ground 

Water Project. 

Zone 2 irrigable land 

Number of tube wells 

Total farm families 

Average family members 

Well depth 

Electric power with average pumping rate of 

Water cost 	t 

t Water is distributed through underground pipelines with at least one 
equipped with a rectangular weir. 

The various operations that are practiced among farmers 
are summarized 

35,000 rai 

966 

5 

120 m 

200 m3 h-1 

0.12-0.13 
3Baht m

riser outlet at each field. Each outlet is 

on irrigated lands of the Project
in Table 2. Cropping patterns in 1982, the first year of the Project,started with the supplemental application of water to legume crops that had been grownunder residual soil moisture following rice cultivation. In 1983, soybean and mung beanbegan to dominate the cropping patterns, especially at the beginning of the year. 

Table 2. 	Information on Farmers' Practices and
Operations on the Sukhothai Ground Water 
Project. 

Crop patterns 

Soil 

Water management 

Crop management 

Pest management 

Pest management 

Rice - grain legumes 
Soybean (Mung bean) - Rice - Rice 
Soybean (Mung bean) - Rice 

Plow and dry for 15-20 days 

No effective supply, diain ditch, flooded basin 
Large amount of water is applied at each irrigation, 
intervals are too long 

Broadcast with very high seed rate 
Practice no weed control 
S.J.4 variety 

Neither fertilizer nor Rhizobium is applied 

Improper use of insecticide 
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After the field crops had been harvested, two consecutive crops of rice utilized a good 
portion of the cultivated land for the remainder of the year. The excessive utilization of 
irrigation water in 1983 led to an agreement among the farmers that limited rice 
cultivation 	to one season, followed by a four-month rest period from August 15 to 
December 15 when no water was pumped. 

The flooded basin has been the only irrigation method employed in the area from the 
beginning of the Project. Large amounts of irrigation water are applied to the fields, 
especially at the first irrigation because of the slow rate of water distribution through the 
fields. Soybean seeds (preferably S.J.4) are broadcast at a rather high rate of 25 to 
30 kg/rai to minimize the gru'.,di and infestat ,. %)Iwt:cds. Neither fertilizer nor 
Rhizobium inoculum is utilized in growing the legume crops. There is a generally 
improper use of insecticides inthe Project area. 

Changes due to the Project 	 Regardless of the farmer's previous inexperience in irrigated agriculture, 1440 rais of land 
were irrigated in the dry season of 1982, the first year of Project implementation 
(Table 3). The irrigated area more than doubled in 1983 and increased to 5560 rais in 
1984. Soybean yield per rai during the first year of irrigation (1982) was the same as in 
1981. In 1983, however, the average soybean yield was the highest recorded during the 
study. In 1984, a considerable amount of the upland area was graded and converted into 
irrigated land. This may have caused some unfavorable conditions that resulted in a 
moderate decrease in soybean yields from 237 to 212 kg/rai. 

Table 3. 	Soybean Cultivation on the Sukhothai Ground 
Water Project During the Dry Season of 1980 to 
1984 (Rainy Season Average, 4330 rai). 

Year 

1980/81 1982 1983 1984 

Cultivated 	area (rai) - 1436 3782 5557 

Yield (kg 	 rai -1) 152 151 237 212 

The total annual cultivated area of the Project gradually increased in 1982 and 1983 to 
31,500 rais and 47,800 rais, respectively (Table 4). The overutilization of water by 
growing two crops of rice in 1983 forced a change in cropping patterns and the total 
cultivated area decreased to 43,200 rais. This, in turn, caused the cropping intensity of the 
Project area to increase from 73 percent in 1980/81 to 101 percent and 154 percent in 
1982 and 	 1983, respectively. There was a small decrease in cropping intensity in 1984 to 
139 percent which was attributed to further changes in cropping patterns. 

The changes in income of the Project area are documented in Table 5. There was an 
overall increase in income after the start of irrigation, with the exception of 1982 when 
large investment inputs were made. Assuming a Project cost of 15 million Baht per year, 
and without taking operation and maintenance costs into account, the Project cost will be 
paid off within 25 to 30 years. 
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Table 4. Changes in Annual Land Use on the Sukhothai 
Ground Water Development Project. 

Year 

1980/81 1982 1983 1984 

Cultivated area(rai) 22,500 31,500 47,800 43,200 

Cropping
intensity (%) 73 101 154 139 

Table 5. Economic Status of the Sukhothai Ground Water 
)evelopment Project. 

Year 

1980/81 1982 1983 1984 

Gross income
(million Baht) 41 53 187 79 

Net income
(million Baht) 15 13 38 31 

Expenditure
(million Baht) 26 40 49 48 

Gross family
income (Baht) 42,484 55,331 90,321 82,122 

Net family
income (Baht) 15,145 13,437 39,182 32,153 

Selected Research and Conventional tillage practices on the Project have often ledManagement Activities to very high waterconsumption. Data collected (Table 6) by the Royal Irrigation Department (RID)
demonstrated the relationship between water consumed during the first irrigation and theturnaround from various wells representing upland and lowland conditions. The averageconsumption of water on upland soils is 26.5 cm, while that for lowland paddy soils is16.9 cm. Well No. 17 consumed 34.4 cm of water mainly because of large cracks in thedry, heavy soil. It is interesting to note that efficiencies of first irrigations were quite low,especially those of upland soils. Dry plowed soils absorb considerably more watercompared with no-tillage soils (Table 7). The amount of water absorbed increases withincreasing field size. One can conclude that the greater the roughness of the soil, and thelonger the time allowed for the soil to absorb water, the higher the amount of water 

consumed. 
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Table 6. First Irrigation Data for Some Selected Tube 
Well Activities, 1985. 

Site Well Irrigated Fow Water Irrigation Turn 
No. Area Rate Consumption Efficiency around 

Period 

3 h1-rat m % days 

Upland 22 96 216 27.9 24 7.5 

67 68 198 22.1 14 9.5 

76 37 209 29.6 11 7.1 

Average 67 208 26.5 16.3 8.0 

Lowland 17 19 234 34.4 - 6.1 

19 273 234 16.9 25 12.4
 

23 152 216 21.3 33 9.8
 

55 280 216 14.0 28 15.0
 

88 285 216 15.3 29 13.7 

97 290 252 17.1 36 12.3
 

Average 256 267 16.9 32.2 12.6 

Reduced tillage systems have generally resulted in a high density of weeds. Effective weed 
control in irrigated soybean fieldL has r , increased yields showi nslted in markedly a 
Table 8. When weeds were controlled by two hoeings, soybean yields were more than 
double those of' the control plots. 

Nevertheless. hoeing weeds is a costly labor-consuming practice, !ind the farmers tend to 
prefer other meains of controlling weeds. For example, a common practice is to broadcast 
soybean seed at higher than normal rates to increase plant density. This results in more 
effective competition with weeds for water and nutrients and an early canopy effect for 
shading young weeds. Seeding at a rate of 25 to 30 kg/rai provides a plant density of 
about 100 plants/in at germination rates of 70 to 80 percent. The effect of various planting 
densities of S.J.4 and O.C.B. soybean varieties on weed grow'h 30 days after germination 

2is shown in Table 9. At a density of 116 plants/n , S.J.4 reduces weed growth to less 
than half of weed growth at a density of 43 plants/in 2. Effective weed control was 
obtained with O.C.B. at a density of only 52 plants/n12 . At a density of 98 plants/n 2 , the 
field was almost wced-free. There has been speculation that such high population densities 
might cause a decrease in yield. Experiments conducted in Chinat and Chiang Mai 
Provinces (Table 10) demonstrated that this was not the case. A population density of 96 
plants/n12 did not cause adverse effects on soybean yield. 
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Table 7. 	Effects of Cultivation Techniques and Size of
Irrigated Fields on Water Distribution. 

Irrigation Plot Size 
No. 

400 m2 	 2800 in2 	 1600 m

Till No-Till Ave. Till No-Till Ave. Till No-Till Ave. 

. .... 
.... ..	 .. ..... ..... 
0 1 .... .... .... ..... ... .. .. .
 

10 6 8.0 171 8 12.5 19 10 14.5 
2 6 7 6.5 7 6 6.5 8 8 8.0 
3 12 8 10.0 10 9 9.5 13 5 9.0 
4 	 9 8 8.5 13 6 9.5 16 9 12.5 
5 10 9 9.5 15 8 11.5 11 9 10.0 
6 9 8 8.5 11 6 8.5 8 9 8.5 

Total 56 44 50.0 73 43 58.0 75 50 62.5 

Average 9.3 7.3 8.3 12.2 7.2 9.7 12.5 8.3 10.4 

Yield 281 262 272 264 242 253 272 266 269 
(kg rai 1 ) 

Sources of Information - Sukhothai 	Ground Water Project, Royal Irrigation Department 
- Project Economic Evaluation Team 
- District Agriculture Extension, DOAE 
- Srinakorn Cooperative Land Settlement 
- Srisamrong Experiment Station 
- DOA Research Annual Report 
- Soil and Water Management Pilot Project, DOA 
- The Farmers 

Conclusions Despite he large cost )f the Project, irrigation efficiency under farmers' conditions is
quite lov. However, there is great potential for increasing irrigation efficiency throughsimple changes in soil and/or water and crop management. Planting crops as early aspossible would allow the utilization of residual soil moisture from the previous rainyseason crop and also enhance the opportunity for establishing a second field crop beforerice cultivation in the next rainy season. Conservation tillage facilitates the rapidmovement and distribution of irrigation water through the field, minimizing the amount ofwater lost 	by deep percolation through the soil root zone. Moreover, smaller fields requireless time for water to contact the soil and excessive use of water is avoided. New soybeanvarieties having high growth rates and early maturation can compete effectively withweeds, but they also require less water and allow more time and space for the second 

crop. Improved soil and water management can increase a farmer's income significantly byincreasing the productivity of his irrigable land and his returns from a second field crop. 
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Table 8. 	Effect of Weed Control on Soybean Yield. 

1972 	 1973 Average
 

Phra Maha 
Mae Jo Kalasin Phuttabat Sarakham 

............ ........ kg rai- .......................
 

Control 237 149 81 10 139 

Hoe twice 490 452 203 156 326 

Table 9. 	Effect of Densities of Two Soybean Varieties on 
Weed Growth 30 Days after Germination. 

Soybean Density Soybean Ten Plants Weeds 
Variety Height 

plants I-n c g c 1 g 

S.J.4 43 22.9 2.5 147.0
 
79 36.0 1.1 154.7
 
116 37.0 1.9 64.2
 

Average 	 79.3 31.9 1.8 121.9
 

O.C.B. 	 52 34.8 3.5 66.4
 
98 36.3 2.6 8.8
 

Average 	 75 35.5 3.0 37.6
 

Table 10. Effect of Plant Population on Soybean Yield. 

2Plants rnProvince 

16 32 64 96 

.............. kg rai' .............. 

Chinat (2 yrs. ave.) 126 211 276 303 

Chiang Mai (4yrs. ave.) 304 336 353 333 

Average 215 273 314 316 
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Section IV 
Soil and Water Management 



Dryland Crop Producion 
Region 

Conservation Production 
Systems 

Conservation Production Systems for Dryland Agriculture

in the United States
 

E. 	Burnett 
U.S. Department of Agriculture, AgriculturalResearch Service,
 
Temple, Texas, USA
 

ABSTRACT. Much progress has been made in developing dryland conservation prohctionsystems that reduce erosion and increase water use efficiency of crop production in theUnited States. 7hese technologies can be utilized on many", kinds of soils in climatic regionsrangingfron semiarid to hrMid. Reduced tillage with eiphasis on surface crop residuemaintenance offerw the best alternative to keep erosion within tolerable limits and maintaincrop yields. Some researchableproblems remain to adapt reduced tillage or no-tillage tosituationssuch as poorlv drainedclay soils and regions with persistent perenntial weed
problems. These researchableproblens include: 
1) 	 Fertilizerplacement techniques: equipment, timing and amnounti with reduced tillage orno-tillage systems with v'arving levels ojsurfa--e crop residue. 
2) 	 Seeding equipment that can accuratelyplace seed under crop residue mulches to


improve stand establishment.
 
3) 	 inproved economical weed control technology with conservation tillage inchding newherbicidefirmnulationsfor persistent w'eeds, application methods and equipment. 

Many runoff water managerint schemes have been researched. Furrow diking andconservation benc/h terraces conserve water for crop production in semiarid regions.
Gradedfirrows aid wide beds conduct excess storm runoff waterfrom fields without
excessive erosion ii subhlumid and humid regions. "7te potential i storing runoff water insmall impoundments for later supplemental irrigationof crops diaring criticalgrowth stageshas also been evaluated in a number of regions. 

Simulation models that are site-specific for prevailiig soils, tlimate, crops and econonic
conditions are now needed to assist in nanay;ement strategiesfrom the far level to the
internationallevel. "Tis.tht model(s) developed should be flexible enough to simulatemanagement strategies employed by both large-scale and small-scale producers iitemperate and tropicalagriculturalsystems. The'y shou/l be capable of predicting the longterm consequences of alternativeagriculturals*stens under a wide array of environmentalconditions. Te modei(s) would aid in optimizing on-site fatrn management decisions as
well as contribute to a data bascl to improve policy decisionsfor the benefit of agriculture

in hoth developed and less developed countries.
 

The 	ma or dry farming regions in North America lie west of the 960 meridian. Cannelland 	Dregne (1983) have described the climate, natural vegetation and soils of these regions(Figures 1, 2, 3 and 4). The western Corn Belt has climate and soil characteristics, andconservation production systems similar to the eastern Great Plains. 

Terraces 

Water conservation is essential to sustainable agricultural production in the subhumid andsemiarid regions. Terracing is ihe major structural practice used to control runoff,particularly in the Southern Grrat Plains. In humid regions, it is used primarily for erosioncontrol. Terraces, in general, are of the broad base type with some modifications. Inhumid regions, they have graded channels in order to move runoff water from fields tograssed waterways without erosion. In semiarid areas, terraces are level with ends usuallyclosed to hold all the runoff on the field for crop use. 
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Figure 1. 	Dryland Agriculture Regions, USA and Canada (Cannell 
and Dregne, 1983). 

There are a number of terrace systems that have been developed for special purposes. One 
of the most popular is the parallel terrace sy :tem designed to increase average row length 
and reduce or eliminate point rows. Large, modern farm equipment now used in the 
United States is not suited to narrow terrace intervals or point rows. Requirements for 
parallel terrace systems include relatively flat, uniform slopes and less erodible soils. The 
cost may be prohibitive if gully shaping or leveling is required to build parallel terraces. 
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Figure 2. Isohyets for the Western USA and Prairie Provinces of 
Canada. Precipitation Given in mm (Cannell and
Dregne, 1983). 

Another specialized terrace system designed to enhance crop water use efficiency insemiarid areas is the bench terrace (sometimes called conservation bench) system (Ainggand Hauser, 1959). This system consists of a level bench with or without a contributingwatershed. It has been evaluated at numerous sites throughout the Great Plains withgenerally positive results except on soils with low water holding capacity (Armbrust andWelch, 1966; Haas and Willis, i968; Hauser and Cox, 1962; Michelson, 1968). The
cost-effectiveness of the system is dependent on earthmoving costs and crop yieldincreases. Jones and Hauser (1975) showed that total production was highest on level
benches without a contributing watershed, but the probability of poor yields was greaterdue to low water storage in dry years (Figure 5). Jones (1981) reduced construction costsby reducing the width of the conservation benches. Conservation bench systems are notpractical in humid regions because the potential crop growing season does not offset theconstruction costs. In addition, some mechanism for drainage of the benches would be
required during heavy precipitation periods. 
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Figure 3. Natural Vegetation of the Western USA and Prairie 
Provinces of Canada. G, Grassland; SG, Shrub-
Grassland; S,Shrub; JP, Juniper-Pinyon Woodland; 
BN, Broadleaf-Needleleaf' Forest; NF, Needleleaf Forest 
(Cannell and Dregne, 1983). 

Tillage 

The tillage implements used for primary tillage vary with crop types, crop sequence, soil 
erodibility, crop residue amounts and desired disposition of crop residues. The implements 
include the moldboard plow, chisel plow "vith or without sweeps, tandem and one-way 
disk plows, and lister (double mo!.,' ,,rd) plow. In the humid and subhumid regions, the 
tillage sequence for royw crops (cotton, grain, sorghum and maize) has been early fall 
listing or bedding (double moldboard) and relisting in late winter or early spring with 
planting accomplished with a bedder planter. In recent times the chisel plow or tandem 
disk has largely replaced the lister plow for primary tillage and seedbed preparation, 
probably at the expense of increased erosion. Producers now use unit planters with double
disk openers on flat seedbeds in preference to the lister planter. Secondary tillage for weed 
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Figure 4. 	Suborders of Soils in the Western USA and Prairie 
Provinces )f Canada. Al, Boralfs; A3, Ustalfs; D2,
Argids; E3, Psamment.,; H, Histosols; M2, Borolis; M4,
Udolls; M5, Ustolls; M6, Xerolls; S1, Spodosols 
(varied); S4, Orthods; U3, Udults; V, Vertisols; X,Mountain 	Soils (Cannell and Dregne, 1983). 

control is done with conventional sweep cultivators. The primary tillage sequence for
winter small grains (cereals) in the humid and subhumid regions historically was summermoldboarding followed by early fall disking for seedbed preparation. Chisel plows with 
sweeps have largely replaced the moldboard plow. Cereals are planted in the fall with a
conventional single disk opener drill with drill rows spaced about 15 to 25 cm apart. 

In the semiarid region the lister plow is used for fall plowing of row crops (cotton andgrain sorghum). The beds formed by the lister plow may be undercut with a blade(knifing) or rod weeder if weeds are a problem prior to planting. Row crops are plantedby splitting 	the beds and planting in the furrow to enhance seed contact with moi.# soil. 
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Figure 5. 	Fourteen-Year (1959-1972) Mean Monthly Precipitation 
and Runoff for a Field Cropped in 3i Three-Year 
Wheat-Sorghum-Fallow Sequence (Jones and Hauser, 
1975). 

Chisel plows and tandem or offset-disk plows have replaced the one-way disk plow for 
primary tillage for cereal grains in the semiarid Southern Great Plains. Drills with various 
kinds of openers including shovels, hoes and disks are used for seeding cereal grains at 
drill spacings of 18 to 35 cm. 

Stubble mulch tillage is a practice designed to leave stubble or crop residues in place on 
the soil surface before and during the preparation of a seedbed. The practice conserves soil 
water and reduces wind erosion in semiarid regions that are primarily cropped to wheat 
and grain sorghum. Implements designed to leave all or part of the crop residue or the 
surface range from chisel plows to wide V-blade sweeps (50 to 200 cm). The sweeps 
undercut the stubble at a depth of 10 to 15 cm. Following the first sweep operation, 
additional tillage operations for weed control are done with sweep plows, field cultivators, 
or rod weeders. Both small grains and grain sorghum can be planted with disk opener 
drills. A coulter may be needed in front of the disks to cut residues. 

Stubble mulch tillage is effective in conserving water and increasing crop production in the 
semiarid Southern Great Plains (Table 1) (Johnson and Davis, 1972). The practice of 
stubble mulch tillage is used more in the Central Great Plains than in either the Northern 
or Southern Great Plains (Black, 1973; Johnson et al., 1983). 

Fallow 

The practice of fallow for water conservation in United States dryland agriculture is almost 
as old as dryland agriculture itself. Early farmers turned to fallow to increase water 
storage because of limited and erratic precipitation. Alternate crop- (usually wheat) fallow 
is used in much of the seniarid regions particularly in the Northern and Central Great 
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Table 1. Effet.t of Cropping System and Tillage Method for

Winter Wheat on Soil 
 Water Content at Planting, Water
Storage Efficiency and Grain Yield (Johnson and Davis,
1972). 

Cropping System and Available Soil Watcr Grain YieldTillage Method Water at Storage
Plantingt Efficiency* 

1% kg ha-1 

Continuous wheat 
One-way 9.1 20 585Stubble mulch 10.3 22 685 

Wheat-fallow 
One-way 12.8 10 927Stubble mulch 15.4 15 1060Delayed stubble mulch 14.4 13 1040 

t Average for 1942 to 1969, determined to a 1.8 m depth.

t Average for 1958 to 1969.
 

Plains. A three-year sequence of winter crop (wheat)-summer crop (grain sorghum)-fallow
is used more in the Southern Great Plains to take advantage of storm runoff (Figure 5).Fallow is used less frequently in subhurnid regions. Water storage efficiency of fallow in
different crop- fallow sequences is related to the time interval between crops and is
generally low, but crop yield is improved (Table 2) (Unger, 
 1972). Willis (1982) hassummarized the effect of fallow on spring and winter wheat yields throughout USAdryland agricultural regions (Table 3). Water use efficiency is higher in the cooler

Northern Great Plains than in the Southern Great Plains.
 

Mulches 

The use of mulches t conserve water and to reduce soil erosion is an age-old practice.
Many materials such as stones, gravel, plastic film, asphalt emulsions, paper and plantresidues have been used as mulches. Porous mulches may reduce raindrop impact, thereby
increasing water infiltration. 
 They may also reduce soil water evaporation by cooling thesoil by insulation, reflecting solar energy and decreasing wind speed near the soil surface(Figure 6) (Willis. 1982). Artificial mulches are now seldom used in the United States
because application is so labor-intensive. There is some use of plastic mulches for highvalue crops where application can be automated. Crop residues are the only practical-iourcu of mulching material with large-scale mechanized agriculture in the United States. 

Water storage efficiency with crop residue mulches in the semiarid Great Plains is lowbecause of the limited amounts of residue produced under dryland farming (Unger, 1983;
Wiese et al., 1967). Unger (1978) discussed the effect of increasing rates of wheat strawmulch on water storage efficiency and grain sorghum yield on a clay loam soil in theSouthern Great Plains (Table 4). Water storage efficiency and grain yield increased withincreased mulch rates. Greb (1983) reported net soil water gain at four Great Plainslocations at the end of the fallow period with increasing rates of straw mulch (Table 5).Storage efficiency is usually lower in the southern part of the region. Adams (1966)
showed that, under subhumid conditions, straw mulches decreased soil water evaporation, 
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Table 2. 	Effect of Cropping Systems for Winter Wheat and Grain
 
Sorghum on Soil Water Content at Planting, Water
 
Storage Efficiency and Grain Yield (Unger, 1972).
 

Cropping System 	 Available Soil Water Grain Yield 
Water at Storage 
Plantingt Efficiency 

cm % kg ha- 1 

Continuous wheat 	 5.8 14.8 700 

Wheat-fallow 	 9.3 8.3 970 

Wheat-sorghum-fallow
 
Wheat 8.6 13.9 850
 
Grain sorghum 9.4 14.0 1740
 

Continuous sorghum 	 7.6 20.1 1270 

t Detennined to a 1.2 in depth. 

storm runoff and erosion, and increased crop yield on a clay soil in the subhumid part of 
the Southern Great Plains. Similar results have been reported under humid conditions in 
many parts of the world (Jacks et a., 1955). 

Row Spacing 

In the semiarid portions of the United States dryland region, yields of grain sorghum are 
higher with a I in spacing between rows compared to narrower spacings (Bond et al., 
1964; Brown and Shrader, 1959; Greb, 1962). The increased yields are attributed to 
increased competition between plants within the row which reduced forage production but 
increased grain yield and water use efficiency for grain production. The wider rows 
provide stored soil water for crop use as the growing season progresses. Grain sorghum 
responds favorably to narrow-row spacing in subhumid parts of the Southern Great Plains. 
Adams et al. (1976, 1978) found that grain sorghum in 50 cm rows establishes a more 
cornplete canopy earlier than sorghum with conventional (I m) row spacing. The improved 
plant canopy intercepted 12 percent more radiant energy and resulted in increases in grain 
yield averaging 20 percent (Table 6). The earlier and more complete ground cover also 
reduced runoff and erosion (Table 7). These results have led to the development of wide
bed narrow ro" ,ystems which capitalize on the potential of crop yield increases and 
provide needed surface drainage for storm runoff when rainfall exceeds infiltration rate 
(Figure 7) (Arkin et al., 1978; Morrison and Gerik. 1983). 

Cotton is a maJor crop in the semiarid and subhumid parts of the Southern Great Plains. 
The crop is usually planted in I in rows but in areas with annual rainfall in excess of 
about 60 cm, yield increases with narrower row spacings (25 to 50 cm) can be obtained. 
As poinLed out by Jones and Johnson (1983), in areas with less than 56 cm annual rainfall 
most dryland cotton is planted in skip-row systems even though yields are usually 
somewha:' higher when every crop row is planted (Table 8). Common systems are: (1) two 
rows planted and two rows skipped; (2) two rows planted and one row skipped; and 
(3) four rows planted and two rows skipped. Since cotton lint yields are not significantly 
reduced, skip-row planting systems offer opportunities to control wind erosion by planting 
high-residue crops in the skipped row (Burnett, 1968; Fryrear, 1976). 

237
 



Table 3. Average Values of Annual Precipitation, Grain Yields ofNonfertilized Spring or Winter Wheat, and Water UseEfficiency for Annually Cropped and Alternate Wheat-
Fallow Over Five Selected Semiarid Regions in the 
Western USA (Willis, 1982). 

Region Years Type Annual Yield Water Use
of Crop of Precipi- Efficiency
Record Wheat tationt Fallow Annual 

Fallow Annual 

-1mm .... kg ha .... kg ha-1 ,m - 1 

Northern Great 359 Spring 394 1430 962 1.81 2.44 
Plains 

Central Great 165 Winter 462 1630 653 1.76 1.41 
Plains 

Northwest 76 Winter 368 2400 --- 3.26 --
60 Winter 421 ... 1010 --- 2.40 

Northwest 70 Spring 349 1960 895 2.81 2.56 

Southern Great 28 Winter 500 1010 646 1.01 1.29 
Plains 

Southwest 4 Spring 417 2380 767 2.85 !.84 
(fall 
planted) 

t Harvest to harvest for annually cropped wheat.t Water use efficiency is the weight of marketable grain per unit area divided by the total precipitation fromharvest to harvest. Thus, precipitation for two years is used for wheat-fallow, and precipitation for one year isused for annual wheat. This definition does not imply that all water received is transpired. 

Wheat and other small grains are not sensitive to row (drill) spacing because of theirtillering ability. However, in the drier parts of the dryland agriculture region, wide drillspacings are used. The range in drill spacing from the subhumid to the semiarid region is10 to 35 cm with averages of 18 cm and 25 cm in the subhumid and semiarid areas,
respectively. 

Weed Control 

Weeds compete aggressively with crop plants for stored soil water. Therefore, weedcontrol is the single most important water conservation practice for dryland agriculture.The vigorous root systems of weeds are often more extensive than the root systems ofplanted crops (Davis et al., 1965; Davis et al., 1967) and may use soil water at rates of0.5 cm/day (Wicks and Smika, 1973). Dry matter production of 1000 kg/ha by weeds uses8 to 10 cm/ha of watt, (Greb, 1974). Timeliness of weed control affects water storage andcrop yield. Delaying weed control until 17 or 24 days after weed emergence decreased soilwater storage and yield of grain sorghum and wheat (Table 9) (Lavake and Wiese, 1979). 
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Figure 6. 	Soil Water Evaporation Rate with Time as Affected by 
Rates of Surface Residue (Band and Willis, 1969). 

In recent years, herbicides have replaced tillage to a considerable degree for weed control 
in both continuous cropping and crop-fallow systems. The practice of chemical fallow has 
resulted in doubling of soil water storage compared with convcntional bare fallow (Greb, 
1983). However, chemical fallow did not increase soil water storage in the racific 
Northwest dryland region (Ramig et al., 1983). 

Soil Fertility 

Nearly all USA drylard agriculture regions were in shortgrass or tallgrass prairie when 
first put into cultivation. Thus, there was a reserve of soil organic matter to supply 
nitrogen to wheat and sorghum, the principal crops for many years. This reserve supply of 
nitrogen was used fairly quickly because few legumes were grewn and fallow was 
systematically included in crop rotations. Tillage for weed control during the fallow period 
accelerated the decomposition of soil organic matter. As a result, nitrogen is now applied 
to maximize crop yields in the dryland agriculture regions. Haas and Evans (1957) 
reported a decline in soil organic matter with cropping throughout the Great Plains. This 
decline was more rapid in the southern region than in the northern region because of 
higher temperatures. Fallow and row crop farming in the Southern Great Plains 
accelerated organic matter decline. 
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Table 4. Straw Mulch Effects on Water Storage Efficiency and 

Grain Sorghum Yield (Unger, 1978). 

Mulch Rate 

-t ha 

0 


1 


2 

4 


8 


12 


Water Storage Efficiencyt Grain Yield 

% kg ha -1 

22.6cf 1780c 

31.lb 2410b 

31.4b 2600b 

36.5b 2980b 

43.7a 3680a 

46.2a 3990a 

t Water storage determined to a 1.8 in depth. Precipitation averaged 318 mam.f Column values followed by the same letter are not significantly different at the 5% probability level 
(Duncan's Multiple Range Test). 

Table 5. Net Soil Water Gain at the End of Fallow as Influenced
by Straw Mulch Rates at Four Great Plains Locations 
(Greb, 1983). 

Location 

Bushland, Texas 

Akron, Colorado 

North Platte, Nebraska 

Sidney, Montana 

Average 

Gain by mulching 

Years Straw Mulch Rate (t ha-1) 
Reported 

0 2.2 4.4 

...............c 0 1............... 

3 7.1 

6 13.4 

7 16.5 

4 5.3 

10.7 

9.9 9.9 10.7 

15.0 16.5 18.5 

19.3 21.6 23.4 

6.9 9.4 10.2 

12.7 14.5 15.7 

2.0 3.8 5.0 

6.6 
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Table 6. Effect of Row Spacing on Grain Sorghum Yields on 
Houston Black Clay Soil at Temple, Tex., 1972-74 
(Adams et a!., 1976). 

Year 	 Row Spacing (cm) 

50 	 100 

............. kg ha-1 .............
 

1972 	 3890 (25%)t* 3120 

1973 	 3890 (20%) 3200
 

1974 	 5050 (18%) 4280
 

t 	The values in parentheses are the percent increase in grain yield over grain sorghum with 100 cm conventional 
row spacing. 

Soils in dryland regions vary greatly in phosphorous and potassium. In the Northern Great 
Plains, the soils are generally low in P and high in K (Bauer ei al., 1966). Soils in the 
Southern Great Plains are very low to medium in P and medium to high in K. Erosion in 
the Pacific Northwest has resulted in both P and K deficiencies. In all regions crop 
response to added fertilizer is intimately associated with the quantity of water available to 
the crop. When the supply of water from either stored soil water or from rainfall is 
adequate, positive crop yield responses to N and/or P are obtained (see Table 10). Similar 
responses to N and/or P by various crops are reported from other regions (Brengle and 
Greb, 1963; Kissel et al., 1975; Young, 1962). 

Furrow Diking 

Furrow diking, also called basin listing and furrow blocking, was introduced to the 
Southern Great Plains in the 1930s. It was used primarily during the fallow period after 
wheat. The practice did not become popular because of problems associated with seedbed 
preparation, weed control, planting and low yield response. Reintroduced in the 1970s by 
Clark and Hudspeth (1976) with improved equipment and chemical weed control 
technology, the practice has received enthusiastic acceptance for cotton and grain sorghum 
production in the semiarid Southern Great Plains (Figure 8). Jones and Johnson (1983) 
report that 0.405 Mha were furrow-diked in 1980. Furrow dikes are installed at planting 
time or soon after. This coincides with the time when there is the greatest probability of 
rtnoff occurrence. 
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Table 7. 	Effect of Row Spacing of Grain Sorghum on Runoff and
Soil Loss from Houston Black Clay Soil in 1973 (Adams 
et al., 1978). 

Date Days After Rainfall Runoff 	 Soil Loss
Emergence _ 

Row Spacing 

50 cm 	 100 cm 50 cm 100 cm 

......... cn .............
t hu-.... 

Before full development of plant canopy (ground cover) 

10 Mar. -9 2.5 0.1 0.1 0.1 Tt 
24 Mar. 5 4.2 0.5 0.4 0.6 0.4 

2 Apr. 14 1.5 0.3 0.3 0.3 0.4 

15 Apr. 27 1.4 	 TtTT 	 Tt Tt 

5-6 May 47-48 6.5 0.9 0.7 1.4* 0.8 

Total 16.1 1.8 1.5 2.4 1.6 

After development of plant canopy (ground cover) 

1-3 June 74-67 7.2 0.6 2.8* 1.8 5.0* 

5 June 78 2.9 0.9 1.4* 1.0 1.8 

15 July 118 3.0 0.1 	 0.5 Tt Tt 

Total 13.1 1.6 4.7 2.8 6.8 

Annual Total 29.2 3.4 	 5.26.2 	 8.4 

t ha " t T, trace; 0.05 soil loss.

f T, trace; 0.01 
 cm runoff.* Difference 	 between means for each (late signilicant at 5% probability level according to t-test of paired means. 

Cotton lint yield increases of 15 percent due to furrow diking were reported by Bilbro andHudspeth (1977) and grain sorghum yield increases of 16 percent were reported by Clarkand Jones (1981). Furrow diking should be useful to improve row crop production inregions where the soil profile is below field capacity at planting time and there is a highprobability of rainfall exceeding infiltration capacity during the crop growing season. 
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Figure 7. 	Wide-Bed Narrow-Row Spacing Configurations 
(Morrison and Gerik. 1983). 

Vegetative 	Barriers 

Field windbreak planting of trees and shrubs has long been used in the more humid parts 
of the Gr itt Plains for wind erosion control and snow management (Frank and George, 
1975). More recently, tall grass and other crop barriers have been introduced to achieve 
both wind crosion control and water conservation by snow trapping and wind reduction 
(Black and Siddoway, 1971; Greb, 1983; Radke, 1976). Snowmelt storage efficiency 
averaged 65 percent with tall grass barriers spaced 10 m apart under Central Great Plains 
conditions (Greb, 1978). 
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Table 8. Average Cotton Lint Yield for Total Area, Including
Skip-Row. Cotton was Seeded in Rows .m Apart (Jones
and Johnson, 1983). 

Cropping 
System 

All rows 

planted 

Skip-row 
I in-I out 

2 in-I out 

2 in-'-- out 

4 in-4 out 

Chillicothe, Tex. Lubbock, Tex. Big Sprint, Tex. Spur, Tex.(Mulkey, 1968) (Newman, 1967) (Burnett & (Marion)
1965-1967 1963-1965 Welch, 1966) 1930-1943 

1958-1962 

.................................................... g a

268 196 289 
 299 

--- --- 292 281 
291 165 	 284 285 
280 178 261 
291 	 --- 226 ---

Table 9. 	Effect of Tillage Frequenicy and Timing During
ll-Month Fallow on Average Number of Tillage

Operations, Soil Water and Grain Yields in a Wheat
Sorghum-Fallow System (Lavake and Wiese, 1979). 

Tillage For Wheat Cr )p For Sorghum Crop
Treatment 

Tillage Soil Grain Tillage Soil Grain
Operations Water Yield Operations Water Yield 

Every 2 
weeks 

Days after
weed emergence

4 

10 

17 

24 

at 
Plhpntingt 

at 
Planting 

cm kg ha -1  
cm kg ha -1 

10.3 11.8a4 567ab 10.6 9.Oa 2410ab 

5.3 11.4a 629a 6.1 9.Oa 2 600a 
4.3 10.7ab 583ab 5.1 8.9a 2 530a 
3.6 9.7b 564ab 4.0 8.4a 21OObc 
2.7 9.1b 500b 4.0 7.9a 1900c 

t Plant available warer deternfined to a 1.2 m dep~i.t Values within a column followed by the same letter are not significantly different at the 5% probability level
(Duncan's Multiple Range Test). 
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Figure 8. 	 Runoff Conservation with Furrow Dams (Jones and 
Johnson, 1983). 

Crop Rotations 

Cropping systems that employ different crops enhance control of insects, weeds, diseases 
and erosion. In dryland agriculture, fallow is frequently included as part of the cropping 
sequence because of the role it can play in stabilizing crop production and in weed 
control. Crops useful for crop rotations in semiarid and subhumid dryland agriculture are 
limited in number compared to humid regions. Wheat is the principal crop grown in the 
dryland regions of North America (Table 1I) (Smika, 1983). Winter (rather than spring) 
wheat predominates in all regions except the Northern Great Plains and Canada. The 
predominant sequence in semiarid regions is wheat-fallow with wheat-sorghum-fallow 
being important in areas where sorghum can be grown. 

Multiple Cropping 

This practice is not used in semiarid dryland regions and only on occasion in the subhumid 
regions of the United States. However, it is becoming increasingly important in irrigated 
areas and in humid regions in order to maximize resources. In addition to obtaining 
maximum total crop yields with the available water, multiple cropping can contribute to 
improved soil erosion coitrol. In Mississippi, Hairston et al. (1984) compared monocrop 
and double crop production systems for runoff and erosion, crop yield and net returns 
(Table 12). Even though double crop soybean yields were lower, net returns from double 
cropping were much higher than in monocrop systems because of the added income from 
the wheat in the double crop system. The double crop system also reduced runoff and 
erosion significantly. 
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Table 10. 	Effect of Amount of Stored Soil Water and Growing
Season Rainfall on Spring Wheat Yields and YieldResponses to P Fertilizer in FaIlowed Sails of a "VeryLow" P Test Level in North Dakota (Snider et al.,
1968). 

Stored Rainfall Number Yield Yield Response toWatert of 	 of Added P (kg P ha-l)§
Trials Check 

7 22 17 22 

cm 	 ................ kg ha- ! . . . . . . . . . . . . .
 .. 

Less than 5 Less than 15 1 280 50 70 110 140 
15 to 20 2 1140 280 280 290 300 
More than 20 2 1130 350 470 340 380 

5 960 260 330 270 300 

5 to 10 Less than 15 5 1270 120 190 210 210 
15 to 20 3 1940 390 400 420 400 
More than 20 3 1860 540 790 840 840 

11 1610 310 
 410 440 440
 

More than 	 10 Less than 15 5 1610 340 430 500 550 
15 to 20 8 2220 440 550 620 660 
More than 20 4 2110 560 790 830 810
 

17 1940 440 570 
 630 670
 

t To 120 cm depth or dry zone above 120 cm.: From seeding to 5 days before harvest. Less than 15 cm is below average rainfall during the spring wheatgrowing season, 15 to 20 cm from slightly below to average; more than 20 cm from average to above average.§ Phosphorus (0-46-0) was applied by drill with the seed. 

Research and Technological
Development 	

Much progress has been made in developing dryland conservation production systems thatNeeds reduce erosion and increase water use efficiency of crop production in the United States.These technologies can be utilized on many kinds of soils in climatic regions ranging fromsemiarid to humid Reduced tillage with emphasis on surface crop residue maintenanceoffers the best alternative to keep erosion within tolerable limits and maintain crop yields.Some researchable problems remain, such as how to adapt reduced tillage or no-tillage topoorly drained clay soils and regions with persistent perennial weed problems. These
researchable problems include: 
1) Fertilizer placement techniques, equi ment, timing and amounts to be used with 

reduced tillage or no-tillage systems with varying levels of surface crop residue.2) Seeding equipment that can accurately place seed under crop residue mulches to 
improve stand establishment. 
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3) 	 Improved economical weed control technology with conservation tillage, including new 
herbicide formulations for persistent weeds, and application methods and equipment. 

Research on runoff water management schemes fully demonstrates the value of systems 
such as furrow diking and conservation bench terraces in conserving water for crop 
production in semiarid regions. It has also been shown that graded furrows and wide beds 
conduct excess storm runoff water from fields without excessive erosion in subhumid and 
humid regions. The potential of storing runoff water in small impoundments for later 

asupplemental irrigation of crops during critical growth stag-'s has also been evaluated in 
number of regions. 

Table 11. Hectares of Fallow and Major Crops Produced on 
Dryland in Each Geographic Area, 1977 Statistics 
(Smika, 1983). 

Geograph-
ical Area 

Total 
Fallow 

Wheat Corn Rye Barley 

Crop 

Oat Sorghum Cotton Special Oilseedt 
Cropst 

.............................. ha x 1 . . ................... 

Southern 
Great Plains 

1640 5860 - - - - 2240 2920 - 0.2 

Central 
Great Plains 

5080 7960 120 76 217 190 2580 - 65 -

Northern 
Great Plains 

5680 7610 1480 - 2010 2070 137 - - 506 

Canadian 
Prairie 
Provinces 

7080 10100 730 242 4650 2130 - - 1420 

Pacific 
Northwest 

1730 2390 - - 686 122 - - 71 -

Pacific 
Southwest 

280 437 - - 494 165 - - -

Total for 
All Areas 

21500 34400 2330 318 8050 4680 4960 2920 1140 1930 

t The special crop in the Central Great Plains is millet, in the Pacific Northwest pea. 
t Oilseed crops in the Southern Great Plains are sunflower and guar, in the Northern Great Plains safflower and 

flax, and in the Canadian Provinces rapeseed and mustard. 
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Table 12. Soybean Yields, Runoff, Soil Loss and Net Returns
Abcve Total Direct and Fixed Costs for Five TillageSystems in the Mississippi Blackland Prairie (Adapted
from Hairston et al., 1984). 

Tillage System Soybean Annual Annual Net 
Yield Runoff Soil Loss Returns 
2-Year 
 2-Year

Average Average 

-1 
$ ha-1kg ha cmn t ha "1 

Monocrop 
Fall chisel + spring chisel, prepare 1810at 21.0 12.3 105.18seedbed, plant, cultivate (CON +) 

Spring chisel only, prepare seedbed, 1780a 19.4 7.80 131.75plant, cultivate (CON) 

Stubble-plant with no seedbed prepared, 1340b 14.6 6.72 51.28cultivate (MIN) 
Stubble-plant with no seedbed prepared, 1250b 21.1 6.53 59.48 
no cultivation (ZERO) 

Double crop (2980)f 11.5 2.48 315.02
 
Overseed or stubble-plant wheat, burn 1040c

straw, no-till plant soybeans, cultivate 
(DUO) 

IMeans in a column followed by the same letter are not significantly different at P = 0.05, Duncan's NewMultiple Range Test.f Values in parentheses are double crop wheat yields (at 13.5% moisture). 

Simulation models that are site-specific for prevailing soils, climate, crops and economicconditions are now needed to assist in management strategies from the farm level to theinternational level. Thu2 the model(s) developed should be flexible enough to simulatemanagement strategies enmIoyd by both large-scale and small-scale producers in bothtemperate and tropical agilcu!iural systems. They should be capable of predicting the longterm consequences of alternative agricultural systems under a wide array of environmentalconditions. The model(s) would aid in optimizing on-site farm management decisionswell as in contribwiino asto a data base to improve policy decisions for the benefit ofagriculture in kgth developed and less developed countries. 
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InternationalDevelopment, Washington, D. C, USA 

A BSTRACT The Green Revolution which had such an impact in Southeast and SouthCentral Asia several decades ago demonstrated that high yields of improved cerealvarieties, particularlv wheat and rice, could be obtained with large itptuts of chemicalfertilizers, pesticides and irrigaion. As a result, organic recycling practices which farmnershad alwa vs depended on to supply planit nutrients and to maintain soil productivity, werelargely replaced with chemical firtilizers. lhe lack if regular inputs of animal manuresamid crop residues to agricultural soils has. in nany cases, led to serious soil erosion, adecline in soil productivity and reduced crop yields. 7/is paper presents some perspectivesand strategies ftr enhancing the use and benefits of organic wastes and residues iti 
developing countries. 

Most developir.g countries have traditionally utilized various kinds o " nic materialssuch as animal manures, crop residues, green manures aud composts to .'aintain orimprove the productivity, tifth and fertiity of their agricultural soils. However, with theadvent of the Green Rcvolution several decades ago, organic recycling practices were
largely replaced with chemical fertilizers applied to high-yielding cereal grains that
responded best to a high level of fertility and adequate moisture, including irrigation. Soilcultivation was also intensified to improve weed control and seedbed conditions.
Consequently, the importance of organic 
matter in crop production received less emphasis,and its proper use in soil management was neglected or even forgotten. As a result of this,along with failure to implement effective soil conservation practices, the agricultural soilsin many developing countries have seriously degraded aid declined in productivity becauseof excessive soil erosion, plant nutrient losses from uncontrolled runoff, and a decrease in
stable soil organic matter levels. 

Proper management of agricultural and municipal organic wastesagricultural soils from wind and 
on land can protectwater erosion, and prevent nutrient losses through runoff
and leaching. Efficient and 
 effective use of thesc materials as soil conditioners alsoprovides one of the best means we have for maintaining and restoring soil productivity.The beneficial effects of organic wastes on soil physical properties are widely known as
indicated by increased water infiltration, water holding capacity, water content, aeration,
permeability, soil aggregation and rooting depth, and by decreased soil crusting, bulk


density, nutrient runoff and erosion (USDA, 
 1957). 

This paper presents some new perspectives and strategies for efficient and effective use oforganic wastes to reduce soil erosion and improve soil productivity and filth, with
emphasis on developing countries. 

Most of the developing countries lack reliable information on the types, amounts andavailability of different organic wastes that might be used to improve the productivity oftheir agricultural soils. Such information is essential as a first step for successful planningand implementation of organic recycling programs. One such survey that could serve as amodel is a recent report to the U.S. Congress on "the practicability, desirability, andfeasibility of collecting, transporting, and placing organic wastes on land to improve soiltilth and fertility" (USDA, 1978). This information was urgently needed because of thesteadily increasing costs of energy, fertilizers and pesticides to United States farmers andthe problems of soil deterioration and erosion associated with intensive farming systems. 

252 



Reintroduction of Organic 
Fertilizers 

Reintroduction of Best 
Management Practices 

The report contains detailed information on the availability of seven major organic waste 
materials for use in improving soil tilth and fertility: animal manures, crop iesidues, 
sewage sludge, food processing wastes, industrial organic wastes, logging and wood 
manufacturing wastes, and municipal refuse. Information is reported on the quantity 
currently generated, present usage, potential value as fertilizers, competitive uses, and 
problems and constraints affecting their use. 

Organic fertilizers, including animal manures, crop residues, green manures and composts, 
were traditionally and preferentially used in developing countries until the 1960s, when 

chemical fertilizers began to gain in popularity. Chemical fertilizers became easily 
available and, compared to organic fertilizers, were less bulky and thus easier to transport, 
handle and store. They were also relatively inexpensive and produced more striking results 
,,han organic fertilizers, particularly during the era of the Green Revolution when crop 
varieties that responded best to heavy application of chemical fertilizers were introduce'. 
Thus, when the world energy crisis began in the early 1970s, chemical fertilizers had 
virtually replaced organic sources of crop nutrients in developing countries (FAO, 1975). 
Because of steadily rising energy costs, especially in developing countries, chemical 
fertilizers have become more expensive and organic fcrtili:ers have now started to regain 
their lost popularity. 

A significant consequence of these events, as Hauck (1978) points out, is that "in many 
countries that have recently been increasingly dependent upon mineral feltilizers, the 
technical knowledge of organic waste utilization has been lost. It is thus necessary to 
reintroduce the established techniques, to improve them, and to develop new practices 
conforming to modern technology." 

The shift away from organic recycling practices also served to emphasize the value of, and 
need for, organic amendments for the short- and long-term improvement of cultivated soils 
and maintenance of soil productivity. Without regular additions of adequate amounts of 
organic materials to soils, there is increased leaching, erosion and gradual deterioration of 
their physical properties. Moreover, as the soil degrades, there is a concomitant decrease 
in the crop use efficiency of chemical fertilizers, especially nitrogen. 

Environmental pollution by organic wastes has also become an international concern. Thus, 
proper processing and recycling of organic wastes as resources for agriculture can greatly 
reduce environmental pollution. Additional benefits include improved public health, 
conservation of resources and better appearance of both urban and rural communities. 

Many farmers in developing countries have shifted toward intensive row cropping for 
short-term economic gain, and have thus neglected soil and water conservation practices. 
This has extensively damaged cropland and markedly increased soil erosion, sedimentation, 
nutrient runoff and enrichment of surface waters. With increasing public concern for 
environmental pollution and agriculture's contribution to it, there is an urgent need to 
reintroduce those soil and crop management practices that have been cited as the best 
management practices for controlling soil erosion and water pollution from croplands 
(USDA/EPA, 1975; 1976). These include the use of sod-based rotations, contouring, 
conservation tillage, cover crops, grassed waterways, and possibly others such as divided 
slope farming. Research and extension programs in both developed and developing 
countries should demonstrate the cost-benefit relationships of conservation practices. 
Aspects of multiple cropping systems such as double cropping, sequential cropping and 
intercropping may also help to control wind and water erosion and effectively recycle 
nutrients from crop residues (ASA, i976). 
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Composting to Enhance 
the Usefulness and 
Acceptability of Organic
Wanstes 

Special Management 
Practices for Proper 
Utilization of Organic
Wastes ,and Residues 

The relationship of soil productivity to soil degradative processes and soil reclamation andconservation practices is summarized in Figure 1. As soil degradative processes proceedand intensify, there is a concomitant decrease in soil productivity. On the other hand, soilconservation and reclamation practices tend to increase soil productivity. In mostagricultural soils, both events, i.e., soil degradation and soil reclamation, are occurringsimultaneously. The level or status of productivity of an agricultural soil at any point intime is the result or interaction of the degradative processes and conservation/reclamation
practices shown in Figure .. For the most part, the "processes" and "practices" offsetone another and the soil productivity status depends on the intensity or severity of
degradation and the effectiveness of conservation and reclamation practices.
 

One way to resolve some of the problems associated with various organic wastes, such asodors, human pathogens, and storage and handling constraints, is composting. Compostsprovide a more stable form of organic matter than the waste or residue material fromwhich they were made. Thus, composts, more than the original raw materials, can greatly
improve the physical properties of degraded agricultural soils. Composting is an ancientpractice whereby farmers convert organic wastes into resources that provide nutrients tocrops and enhance the tilth, fertility and productivity of soils. Through composting,organic wastes are decomposed, nutrients are made available to plants, pathogens aredestroyed, and malodors are abated. The historical aspects of composting have been

thoroughly discussed in reviews by Gotaas (1956) 
 and Golueke (1972). 

Recently, the U.S. Department of Agriculture at Beltsville, Maryland developed the highlysuccessful Beltsville Aerated Rapid Composting (BARC) Method for composting sewage
sludges, animal municipal refuse and pit latrine wastes (Wilson et al., 
 1980). This methodhas been widely adopted by both laige and small municipalities throughout the UnitedStates for composting sewage sludge and solid waste. Several developing countries havealso adopted this technology. The method is simple and relatively inexpensive yeteffective, and allows considerable tradeoff between labor and capital. 

Special management practices may be needed if we are to obtain the full value of organicwastes as soil amendments and as ,ources of plant nutrients. For example, the value oforganic materials as fertilizers is increased if nutrient release through decomposition andmineralization coincides with the crop's nutrient requirement curve. The nutrient release 
pattern of organic materials can be controlled to some extent by proper timing of
application, pretreatment methods such as composting, 
 and by the method of application.For example, certain organic materials may decompose more s!owly if left on the soilsurface or concentrated in the soil than if thoroughly mixed in the tillage layer (Parr and
 
Papendick, 1978).
 

There are many problems involved in handling and applying organic wastes to landbecause their physical characteristics are so variable. Such wastes almost always bulky,are
and can range from liquid on one extreme to dry solid material on the other. Existingapplication technologies are often ineffective and fail to achieve the desired level oferosion control or increased crop production Methods of application must be simple,inexpensive, energy efficient and effective for nutrient recycling and erosion control. 

An exaniole of a particularly effective soil erosion control measure for sloping lands isvertical mulching, a subsoiling operation that incorporates organic materials such as cropresidues into a vertical channel 30 to 40 cm deep and some 10 to 12 cm wide at the soilsurface (Parr, 1959). The operation is usually conducted on the contour, with spacingranging from 5 to 10 in. Several rather simple tractor-driven machines have been designed
for the vertical mulching procedure. 
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Soil Decrease Soil Increase Soil 
Degradation Productivity -4---- Conservation 

(Reclamation) 

Process 	 Soil Productivity Practices 

Desertification Decreases in accordance Conservation tillage 
Acidification with soil degradation Residue management 
Salinization processes and increases Soil management 
Soil erosion with the implementation Water conseivation 

(wind/water) of soil reclamation and Nutrient management 
Nutrient runoff/ conservation practices. Improved drainage 

depletion Crop rotation/ 
Waterlogging multiple cropping 
Compaction Chemical fertilizers 
Crusting (surface) Organic fertilizers 
Organic matter Animal manures 

depletion Green manures 
Composts 

Figure 1. 	Relation;hip of Soil Productivity to Soil Degradation 
Processes and Soil Reclamation and Conservation 
Practices. 

Research Needs 	 In addition to traditional organic materials such as animal manures and crop residues, 
developing countries are increasing their land application of municipal wastes (e.g., 
sewage sludges and effluents, and garbage) and industrial wastes (e.g., food processing 
and acceptable industrial organic wastes). Research is needed to determine how these 
wastes differ in their ability to improve the tilth, fertility and productivity of soils. 

Information is limited on the substitutability of one particular organic waste for another in 
soil improvement. Criteria should be developed by which the relative effectiveness of 
different organic wastes can be 	compared. For example, studies are needed to determine 
the following properties: decomposition rates for each waste under different soil regimes 
and cropping systems; rates at 	which plant nutrients are mineralized, recycLd and utilized 
by both current and subsequent crops; the potential toxic effects of certain wastes on plants 
and microorganisms; the impact of organic waste management on the control of plant 
insects and 	diseases; and the extent to which different wastes can effect desirable and 
resioual improvement of soil physical properties. Each organic waste has unique properties 
that should 	be thoroughly investigated in the soil/water/plant ecosystem. 

Some organic amendments are 	known to mineralize and release available plant nutrients 
rapidly as a result of microbial 	attack. In some cases this is desirable, particularly on soils 
that are already in a state of high fertility and productivity. On the other hand, marginal, 
erodible, sloping and generally 	less productive soils would benefit, at least initially, from 
the application of organic materials having a higher degree of microbial stability in soil. 
Such materials would release their plant nutrients at a relatively slower rate. Farmers in 
developing 	countries often have occasion to use both types of materials in their farming 
operations, 	 depending on whether there is a need to release nutrients rapidly or to improve 
the productivity of marginal soils. 

Farmers frequently apply organic wastes (including ccmnposts) to their fields at rates that 
are too low or too high for maximum economic return. When the rate is too low, soil 
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Introduction 

Upland Soils of Thailand 

Management Strategies for Improving the Fertility and 
Productivity of Upland Soils 

S. Chaiwanakupt and C. Sithibutsa 
Department of Agriculture, Bangkok, Thailand 

ABSTRACT Since t/ie diversification of agriculturalproduction has been strongly 
emphasized i the Fourth National Economic and Social Developnwnt Plan and will 
continue in the Fifth Plan, more and more upland area has been utilized in producing 
annual fiel crops in 7hailand. Of 7.6 Mha of upland ftrm holdings, approxinately 
4.4 Mhu are tnder rainfed cultivation and have been developed through dejorestation. Like 
the tropical regions, this land inaintains a good firest vegetation, but rapidly loses its 
fertility when planted to arable crops. Continuous cultivation in tlit semiarid tropics under 
conditions q high teniperature, humnidity and intense but erratic rainJ'ill presents many 
problems. Nutrients tire lost through crop remnoval, leaching and erosion from the soils. 
Soils are predominantly low activity clays having low water and nutrient retention 
capacity', with ver , little nutrient recycling. Thus, mnost utpland soils in Thailand are very 
low in ftrtility. Plant nutrients added through fertilizer application have increased crop 
yiels by 30 to 100 percent. This paper presents sone perspectives aed management 
strategies fir improvinX the firtility and pro(hctivity of upland soils. 

Thailand, with a total area of 51.3 Mha, is divided into four regions: the North, 
Northeast, Central Plain and South. Each region has its distinct geographic and 
socioeconomic features, land distribution, productivity and farm income. Land utilization 
for major crops production in each region during 1980-1981 is shown in Table 1. 

During the past twenty years the area of upland agricultural development has increased 
threefold. The reasons for this include increased demand for upland crop production, the 
international export market, and the national policy for agricultural production 
diversification which has been emphasized in the Fourth Natiopal Economic and Social 
Development Plan (1977 to 1981) and in the Fifth Plan. Of 7.6 Mha of upland farm 
holdings, approximately 4.4 Mha were under rainfed field crop cultivation in 1981. 
Expansion of the planted area has been achieved by conversion of highly fertile virgin land 
into cultivated fields. But despite the introduction of advanced agrotechnology, the yield of 
upland crops such as corn, sugarcane and cassava has not increased but has remained 
constant, or has shown a gradual decrease (Table 2). 

Like other tropical regions, the soils of the upland areas in Thailand which have been 
developed by deforestation can maintain a good forest vegetation, but their fertility 
decreases rapidly when planted to arable crops. Continuous cultivation of these areas under 
'he agroclimatic conditions prevailing in the country will cause the production potential of 
he uplands to decrease through the deterioration of physical, chemical and biological 

properties of the soils. 

In view of the demand for increased agricultural production to meet future needs and the 
fact that current cultivated lands can not meet these needs, it has become increasingly 
apparent that the upland area of' Thailand will have to be developed for this purpose. A 
change in the production pattern from extensive to intensive, i.e., improvement in yield 
per unit area, will be required. This could be achieved through the efficient utilization of 
land and water resources. However, the development of upland areas has to be a gradual 
trans formation through stepwise improvements in the existing farming system, since the 
majority of farmers in the area are small subsistence-level operators. 

Twelve great soil groups were ,ecognized by Moorman and Rojanasoonthon (1972) in 
upland areas. They are classified as Alluvials, Regosols, l.ow-Humic Gleys, Grumusols, 
Rendzinas, Noncalcic Brown, Brown Forests, Reddish-Brown Lateritics, Red-Yellow 
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Table 1. Major Crops Production and Percent of Area Planted toEach Crop by Region, 1980-1981 (Centre for Agricultural
Statistics, Office of Agricultural Economics, MOAC). 

Commodity Total Regions (Area Planted)
Annual 
Production
for Kingdom North Northeast Central Southt 

Mt ........
 o ... . .... % ... . .. . . ..... . 

Rice (wet season) 15.4 27 36 30 7 
Rice (dry season) 1.90 10 3 85 2 
Cassava 16.5 2 60 38 0 
Maize 2.99 50 15 35 0 
Sugarcane 19.8 10 11 80 0 
Mung bean 0.26 76 2 21 1 
Sorghum 0.,l 16 2 82 0 
Soybean 0.I0 89 1 10 0 
Peanut 0.13 53 19 22 5 
Cotton 0.19 31 10 59 0 
Kenaf 0.21 0 99 
 1 0 

f Regional planted area for rubber was not indicaied. 

!'odzolics, Red-Yellow Latosols, Gray Podzolics and Reddish-Brown Latosols. Most of theupland soils are found along the floot of the mountains, on the slope land of hills, plateaus,river levees and dunes. The total area under cultivation in 1981 was approximately6.2 Mha, with field crops accounting for 4.4 Mha and horticultural and tree crops for1.8 Mha. The production of major upland crops such as maize, cassava, kenaf and foodlegumes is almost entirely under rainfed conditions. Soil classification equivalents in the1977 U.S. Soil Taxonomy system are shown in Table 3. 

The majority of upland soils are dominated by low activity clays, having low water andnutrient retention capacity. Because of the high energy dissipated by tropical rainstorms onsoil surfaces, most upland soils are poorly structured and susceptible to crusting. Thus, itis evident that most of the upland soils are poor in both chemical and physical propertiesas shown in Ogawa et al. (1975) and Kubota et al. (1979) in Tables 4 and 5. 

Constraints of Upland Soil Upland soils under continuous cultivation with the high rainfall of tropical environments
have urJergone a drastic change in soil properties. Soils exposed to high temperatureswith high-intensity rainfhll rapidly lose their productive capacity; organic matterdecomposes at accelerated rates; nutrients are leached; soil erosion becomes excessive; andmost of the rainfall is lost as runoff. Soil physical properties deteriorate in a short time. Ingeneral, the soil becomes marginal for crop production because of chemical and physical
degradation. 
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Table 2. 	Planted Area and Average Yield of Some Major Field 
Crops (Centre for Agricultural Statistics, Office of 
Agricultural Economics, MOAC). 

Crops 1962-63 1972-73 	 1982-83 

Area Yield Area Yield Area Yield 

t ha -1  	 1 t ha-1 
Mha 	 Mha t ha - Mha 

Maize 0.33 2.00 1.00 1.30 1.68 1.80 

Cassava 0.12 17.1 0.33 12.1 1.24 14.4 

Sugarcane 0.06 30.7 0.18 52.5 0.58 41.9 

Soybean 0.03 1.08 0.08 0.90 0.12 0.90 

Cotton 0.06 0.70 0.06 0.80 0.11 1.10 

Peanut 0.09 1.30 0.12 1.30 0.12 1.20 

Mung bean 0.05 1.08 0.23 0.90 0.48 0.60 

Kenaf 0.11 1.18 0.47 0.90 0.22 0.9c 

Table 3. 	Approximate Classification Equivalent Between the Old 
Dudal and Moorman and New U.S. Soil Taxonomy. 

Dudal + 	Moorman U.S. Soil Taxonomy 

Regosols Quartzipsamments 

Alluvials Ustifluvents 

Grumusols Typic and Entic Pelluderts, Typic Chromusterts, 
Typic and Udic Pellusterts 

Rendzinas Typic Calciustolls, Vertic and Typic Haplustolls 

Brown Forest Typic Calciustolls, Vertic and Typic Haplustolls 

Noncalcic Brown Udic and Ultic Haplustalfs 

Gray Podzolics Paleustults, Typic Paleudults, Typic Tropudults, 
Oxic, Ustoxic and Ustic Dystropepts 

Red-Yellow Podzolics Paleustults, Haplustults 

Reddish-Brown Latosols Haplorthox 

Red-Yellow Latosols Haplustox, Paleustults 

Reddish-Brown Lateritics Paleustults, Paleudults, Oxic Haplustults 
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Table 4. Some Chemical Properties of Upland Soils in
 
Thailand (After Ogawa et al., 1975).
 

Great Soil 
Groups 

pH 

X Range 

CEC 

X Range 

Base Saturation 

X Range X Range 

Bray li-P 

X Range 

Exchangeable K 
E x c h a ng e ableK 

X Range 

meq 100 g % ..... ... % O.M. ... . .......... ppm ............. 

Alluvials 

Regosols 

Low-Humic Gley 

Grumusols 

Rendzinas 

Brown Forest 

Noncalcic Brown 

Gray Podzolics 

7.0 

6.2 

5.2 

7.9 

7.5 

6.3 

6.4 

5.3 

6.3-7.5 

5.9-6.7 

4.5-6.5 

7.4-7.5 

5.7-7.1 

5.1-7.8 

4.2-6.6 

10.8 

1.0 

2.0 

43.0 

37.2 

16.9 

8.8 

2.4 

6.5-15.8 

0.5- 1.8 

1.0- 4.0 

25.7-48.7 

7.6-26.2 

2.0-14.6 

0.6- 5.7 

122 

253 

67 

112 

107 

96 

121 

90 

111-130 

26-653 

21-155 

86-128 

76-112 

40-188 

25-259 

2.1 

0.6 

1.1 

1.2 

3.7 

0.8 

1.7 

1.3 

1.4-3.5 

0.5-0.7 

0.4-1.4 

2.5-4.8 

1.5-1.8 

0.9-2.6 

0.4-3.2 

108 

4 

20 

12 

17 

8 

81 

27 

41-207 

4- 5 

2- 36 

14- 19 

2- 16 

4-340 

2-194 

196 

21 

68 

200 

440 

254 

229 

64 

40-402 

10- 30 

8-308 

100-780 

200-424 

12-558 

20-267 

Red-Yellow 
Podzolics 

Re'Idish-Brown 
Lateritics 

Reddish-Brown 
Latosols 

Red-YolowLatosols 

5.4 

5.1 

5.5 

5.7 

4.3-7.7 

4.7-5.3 

4.9-6.4 

6.8 

8.2 

10.8 

2.8 

1.1-23.9 

6.8-11.0 

.2- 5.6 

77 

62 

26 

103 

8-325 

47- 80 

39-161 

2.8 

2.3 

1.8 

1.4 

0.4-5.2 

1.7-2.7 

0.6-2.5 

30 

35 

49 

17 

4-206 

3- 90 

5- 41 

108 

254 

512 

74 

30-220 

100-369 

14-185 



Table 5. Physical Properties of Upland Soils in Thailand 
(After Kubota et al., 1979). 

Great Soil Groups Bulk Density Noncapillary K of 'i1MHC§ Disper-
Pore Surface 1 m sibility 

Soil* Profile of Ap 
Surfacet Subsoil Surface Subsil Soil to 

Water 

"3 . . . . . . . "1gcm %vol ... cm s mm % 

Regosols 1.64 1.66 23.3 23.1 10-3-104 58 68.6 

Grumusols 0.97 0.99 7.6 2.5 10-6 107 6.8 

Rendzinas 1.19 1.26 - - 10-5 111 4.7 

Brown Forest 1.42 1.23 10.5 7.9 10-5 84 23.7 

Noncalcic Brown 1.57 1.61 7.9 ' 4.2 10-3-10-7 106 24.8 

Gray Podzolics (SE) 1.70 1.64 9.3 10.9 10-3-10-6 72 39.6 

Gray Podzclics (NE) 1.62 1.51 16.8 21.2 10-3-104 87 50.1 

Red-Yellow 
Podzolics 1.51 1.47 13.5 14.7 10-3-10-6 85 28.5 

Reddish-Brown 
Lateritics 1.27 1.22 13.8 15.8 10-3-10-5 78 17.0 

Reddish-Brown 
Latosols 0.98 0.96 26.3 29.6 10-3-104 80 10.8 

Red-Yellow 
Latosols 1.56 1.42 14.6 20.7 10-3-10-4 106 29.1 

t Subsurface layer 
: Hydraulic conductivity at saturation 
§ Available moisture holding capacity 
i Middleton's method; easily water-dispersible dlay +rsilt/(total clay + silt) 

Stil Physical Property Deterioration 

Soil physical characteristics have deteriorated in many upland areas due to excessive 
cultivation. Most of the upland soils in Thailand are prone to crust formation and erosion, 
and are low in available moisture storage capacity. With unfavorable climatic conditions, 
upland crops suffer from water stress, and crop production thus becomes uncertain. 
Changes in the physical properties of a surface Red-Yellow Podzol.c soil after reclamation 
from the forest ", Hua Hin are shown in Table 6. 

Soil Fertility Depletion with Low Productivity 

Traditional agricultural systems based on bush fallow are still practiced in many areas. 
Bush fallow is a fairly stable system sustaining small populations as long as the tallow 
period following cultivation is sufficient for soil fertility to be restored. When population 
density is high, the fallow period is shortened; soil fertility declines and soil stability is 
lost. Continuous monocropping of major field crops wihout recycling plant nutrients back 
to the soils hastens the decline in soil fertility. The amount of nutrients removed from the 
soil by major crops compared with the amount of plant nutrients applied as fertilizer is 
shown in Table 7. 
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Table 6. Changes in the Physical Properties of a Surface Soil
After Reclamation From Forest (Red-Yellow Podzolic 
Soil) (After Morakul et al., 1984). 

Soil Physical Properties 

Particle size 
%Sand 

%Silt 

%Clay 

Bulk density (g cm-3) 

Particle density (g cm -3) 

Water permeability (mm h-1) 

Undeveloped Years Following 
Tropical Reclamation From Fcrest 
Evergreen and Current Crop Growth 
Tropical
Forest 1 Year 5 Years 8 Years 

(Sorghum) (Cotton) (Pineapple) 

47 59 59 59 
36 28 24 28 
17 13 17 13 

1.21 1.52 1.36 1.31 
2.56 2.61 2.62 2.62 
4.0 0.4 2.2 0.6 

Table 7. 	Comparison Between Approximate Amount of NutrientsRemoved and Fertilizers Applied for Various Crops. 

Crops Nw "ients Removedt Fertilizer
(N -P 20 5+K20) Applied: 

................ kg ha-I 
 ................
 

Maize 221 1 
Cassava 230 13 
Soybean 
 209 
 2 
Peanut 
 265
 

Mung bean 115 	 _ 
Kenaf 
 276 
 12
 
Sugarcane 540 200 

t Primary figures from Soil Science Division, DOA.1Office of Agricultural Economics, MOAC (crop years 1978, 1979). 

Nutrient loss through erosion and leaching due to improper cultivation practices werereported to be a major cause of soil fertility decline. Cassava cultivation in undulatingterrain with five to nine percent slope in the relatively dry southeastern province hasresulted in a soil loss of up t: 67 t/ha/yr (Rimvanich, 1979). 
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Crop responses to fertilizers show that nitrogen and phosphorous are the key problem 
elements in almost all soils, while response to potassium is rarely observed. Secondary and 
trace element deficiencies are usually insignificant or not severe enough for any corrective 
measures to be profitable. Genera. percentage responses of major field crops to fertilizers 
applied in various soil gro.ips obtained from the scattering fertilizer field trials from 1981 
to 1983 were combined and are shown in Table 8. 

Management Strategies 	 According to Greenland (1975), stable agricultural systems can only be obtained by 
replacing the nutrients that are removed from the soil by crops and maintaining good 
physical conditions in the soil, which may require additions of organic matter and erosion 
control. However, the management of upland soils in Thailand is not sa.-tying these 
conditions. The low yield of crops is due primarily to uncertain wezkther and declining soil 
fertility which results from poor soil copservation management and inadequate use of 
fertilizer. Poor soil conservation, in turn, aggravates the effects of moisture stress and 
makes many areas drought-prone. Irrigation, as well as the improvement of soil moisture 
regimes (which will not be discussed in this paper), is the best remedy. 

Table 8. 	Percent Responses of Major Field Crops to Fertilizer 
Applied, 1981-1983 Farmer Field Trials (Soil Science 
Div., Dept. of Agriculture). 

Great Soil Groups Crops Percent of Fertilizer Response 

Nitrogen Phosphorous Potassium 

Gray Podzolics Cassava + t 
Kenaf -

Sorghum + 	 + 

Peanut -

Mung bean -	 + 

Regosols Cassava +
 

Reddish-Brown Maize ±
 
Lateritics Sorghum + + +
 

Cotton + 	 + 

Noncalcic 	Brown Sugarcane -

Maize + + 

Sorghum + 

Cotton 

t -, less than 25% response; ±, 25-50% response; +, 50-75% response; and ++, higher than 75% response. 
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Crop Fertilization 

To maintain and improve soil productivity for crop production without the use of mineralfertilizers would be difficult, if not impossible. In Thailand, the use of mineral fertilizerplays P key role for crop yield increases. Results of fertilizer trials conducted on farmers'fields with different soil groups and different crops (Table 9) demonstrate the potentialincrease yield 	20 to 100 percent, to
with return profits, determined as the value/cost ratio,ranging from 	2.9 to 5.5. Since all mineral fertilizers used in Thailand are imported, 	 theconsumption of fertilizer in kg of plant nutrients per ha was only 1.2 kg/ha in 1980/81.This is the lowest in Asia with the exceptions of Burma and Nepal. The one 	 use of fertilizer isof the best ways of improving upland soil productivity. However, the smallsubsistence-type farmer in the Northeast faces serious constraints oi fertilizer use becauseof high fertilizer/crop price ratios, lack of credit, cropping risks due to erratic andunpredictable 	 rainfall, and inadequate extension programs in fertilizer education for 

farmers. 

Table 9. 	Nutrient Requirements of Field Crops Calculated FromIndividual Response Curves FroJm Fertilizer Field Trials 
1981-1984 (FAO, 1984). 

Crop Great No. Requirement Control Exp. Profit Value/Soil of of Yield Yield Cost
Group Site N-P2O-K 20 Increase Ratio 

........... kg ha- 1 ........... B ha "1
 

Corn 	 RBt,BF 39 70-15-0 2920 1360 2120 2.9 

Sorghum 	 GP,RB 21 63-16-21 1610 1640 2750 	 3.2 

Soybean 	 LH,RP, 
NC,GP 46 13-61-30 1390 907 	 4640 4.4 

Groundnut 	 GP,RP 29 22-38-61 1550 703 	 3850 3.7 

Mung bean 	 GP,RP 25 18-30-44 750 512 2730 	 3.5 

Cassava GP Ir 128-0-55 21000 12800 7450 4.5
GR 7 47-0-104 15400 8120 3.94540 

Cotton 	 RP,RG,BF 22 61-58-31 1,160 405 3710 2.9RP,GR 7 53-53-75 876 865 5.59930 

Kenaf 	 GP 39 47-46-76 1810 1750 5880 	 3.9 

t RB, Reddish-Brown Lateritic; BF. Brown Forest 'oil; GP, Gray Podzolic;LH, Low-Hurnic Gley; RP, Red-Yellow Podzolic; NC, Noncalcic Brown;
GR, Regosol; and RG, Regosolic Gray Podzolic. 
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Low-Input Management Technology 

The efficacy of mineral fertilizer, however, does not diminish the usefulness and generally 
unrecognized potential of organic manure. Nevertheless, until recently the usQ of organic 
manure had decreased drastically as mineral fertilizer became more available. The rising 
costs of mineral fertilizers now make it increasingly important to reexamine the use of 
organic manure, animal manure, compost, crop residue recycling, green manuring, 
biological nitrogen fixation and other sources of plant nutrients. 

Utilization of Local Rock Phosphate 

Rock phosphate deposits in Thailand were estimated by the Department of Geological 
Resources in 1982 at 300,000 t. The total phosphate content of the material ranges from 
10 to 40 Fercent. Much attention has been given to the utilization of local rock phosphate 
as a cheaper source of phosphorous especially after the energy crisis of 1971-72. Ground 
rock phosphate and locally treated rock phosphates have been tested in the field with 
different crops and for long-term residual effects. Results of these studies on sorghum 
grown on a Red-Yellow Latosol soil showed that the application of rock phosphate at the 
rate of 1250 kg/ha could produce yields equivalent to that of 225 kg/ha of P205 from 
standard phosphate fertilizer (DSP). The use of rock phosphate at a lower rate (625 kg/ha) 
together with 56 kg/ha of P205 DSP provided the best results as shown in Table 10. 

Nitrogen Fixation by Legumes 

The use of rhizobial inoculants for legumes is the best known low-input nitrogen 
fertilization measure. The technology has been recognized and widely accepted by 
innovative farmers in Thailand for decades in the production of upland food legumes. An 
experiment was conducted by the Soil Microbiology Staff at three locations in the 

Table 10. Relative Yield of Sorghum and Soil Phosphorous as 
Affected by Phosphate Sources on Red-Yellow Latosol 
(1978) (Soil Science Division, DOA). 

P P Relative Initial Soil-P Soil-P After Harvest 
Source Rate Yield 

Bray II-P Total P Bray I-P Total P 

kg ha- 1  % ................ ppm ................
 

None 0 100 5.7 62.0 6.9 135 

RPt 625 132 5.9 72.0 53.5 149 

RP 1250 173 6.2 81.2 96.0 225 

RP+DSP 625+56 222 6.6 70.0 49.5 191 

DSP 225 189 5.4 51.2 7.5 143 

t RP, Rock phosphate with 33% of totai P,0 5 and 5% of citrate soluble P205 ; DSP, Standard phosphate 
fertilizer. 
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Northeast comparing the effectiveness of Rhizobium japonicum with nitrogen fertilizers.The results showed that the application of nitrogen fertilizer, regardless of rate, togetherwith the rhizobial inoculant, did not increase soybean yields over inoculation alone.Moreover, inoculation alone resulted in significantly higher soybean yields than the highestrate of fertilizer N applied, 75 kg/ha, without inoculant. The higher rate of 150 kg/ha ofN was compared in 1974 and results still confirmed those of 1973. Therefore, it can beconcluded that there is no need for nitrogen fertilizers for soybean with rhizobial inoculant(Table 11). Further study indicated that legumes, if inoculated and supplied with 25 to30 kg/ha of P20 5, could meet about 80 percent of their own nitrogen needs throughfixation. In addition, there may be a residual effect of 20 to 25 kg/ha of N on succeedingcrops. Likewise, when grown in an intercropping system, legumes might also providesome nitrogen to the main crop. Specific research about nitrogen transfer between plant
species needs to be investigated. 

Table 11. 	 Yield of Soybean as Affected by the Use of
Rhizobial Inoculant and Nitrogen Fertilizers in 
1973 and 1974. 

Rhizobial Rate of N Yield of Soybean
Inoculant t 

1973 1974 Roi Et KK-LD-Centre§ Farmers' Field 
Experiment 
Station t 

1973 1974 1973 1974 1973 1974 

- 1kg ha .. .......... t ha -1 . . . . . . . . . . . . . . .
 .... 

+ 	 0 0 2.76a# 2.12a 2.33ab 2.21a 1.70a 1.60a 
+ 18.75 18.75 2.74a 1.91a 2.27ab 2.26a 1.73a 1.51a 
+ 37.5 37.5 2 .52a 2.42a 2.48a 2 .36a 1.67a 1.51a 
+ 56.25 75.0 2.37ab 2.31a 2.49a 2.32a 1.70a 1.49a 
+ 75.0 150 2.42ab 2.40a 2.69a 1.89a 1.69a 1.57a 
- 0 0 1.03d 0.60b 1.25d 1.14c 1.20b 0.92b 
- 18.75 18.75 0.61b 1.20c1.72c 1.50cd 1.39ab 1.24ab
 
- 37.5 37.5 1.84c 0.73b 1.71cd 1.41bc 1.47ab 1.26ab 
- 56.25 75.0 0.80b 1.74b1.99bc 1.92bc 1.47ab 1.38ab 
- 75.0 150 2.12bc 0.81b 1.96bc 1.62bc 1.52ab 1.26ab 

C.V. (%) 	 13.1 13.624.2 17.3 16.2 22.3 

t +, wiff. inoculant; -, without inoculant. 
f With Low-Humic Gley soil. 
§ With Red-Yellow Latosol soil. 

With Gray Podzolic soil.
# Any two treatment means followed by the same letter are not significantly different at the 5%probability level 

by Duncan's Multiple Range 'rest. 
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Recycling of Organic Materials 

The use of compost and crop residue incorporation are considered to have long-lasting 
results, affecting both the chemical and physical properties of the soil and maintaining soil 
fertility through increased nutrient and moisture retention capacity. Such beneficial effects 
on soil are generally reported in long-term experiments, although no direct measurement 
can be made. Long-term experiments for studying the effect of compost, cassava stalk 
incorporation and NPK fertilizer on cassava grown on a Red-Yellow Latosol were started 
in 1977. Results of 1983 showed that the application of 50 kg/ha/yr each of N and P20 5 
plus incorporation of cassava stalks, as well as the cassava stalk incorporated alone, could 
maintain cassava yields at high levels. The application of NPK + 12.5 t/ha/yr of 
municipal compost produced effects no different from the application of NPK alone (Table 
12). The limitation of using municipal compost i,i farming areas is the cost of 
transportation, and use of on-farm compost is v.ually limited to only cash crops of high 
value such as ornamentals, vegetables and fruit trees. Thus, it would appear that recycling 
of crop residues in situ with the adtlition of farmyard manures, if available for 
composting, and mineral fertilizers would be a more practical and effective practice. 

Table 12. 	 Long-Term Effect of NPK, Compost and Stalk 
Incorporation on Root of Cassava Grown in Yasothon 
Soil (Red-Yellow Latosol) at Khon Kaen (Field Crops 
Soils and Fertilizer Research Group, Soil Science 
Division). 

Treatment Fresh Root Mean (Seven Index 
Consecutive 

1977 1983 Years) 

t ha- 1  . . . . . . . . . . ............. 	 ...
 

Control 28.2 6.25 12.0 100 

Nt 26.6 7.75 12.3 102 

NP 30.8 8.63 14.3 119 

NK 30.8 6.81 18.2 152 

NPK 29.6 17.1 22.1 184 

NPK+BK-2 compostt 29.0 16.0 21.9 182 

NPK+stalk incorporate 25.6 20.2 23.9 199 

Stem+leaf incorporate 27.3 19.6 17.9 149 

F ratio 1.36 NS 11.0** 

CV (%) 	 11.3 28.6 

- i - I , t Rates of N, P20 5 and K20 were 50, 50 and 50 kg ha yr respectively. 
,f Rate of Bangkok Municipal-2 compost was 12.5 t ha'1 yr- respectively. 

** Significant at the 0.01 probability level. 
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Crop Rotation 

Monocassava 


No Fertilizer 


With Fertilizert 


Crop Rotationt 

Cassava-Groundnut-Pigeon Pea 

Cassava-Mung Bean-Pigeon Pea 

-t 50 kg ha'1 yr 1 each N of P,0 and KO. 

Crop rotation has been practiced for years especially in areas with supplemental irrigationand areas of less erratic rainfall distribution such as those in the Northern and Centralregion. In the Northeast region with its variable climate and low soil moisture reserve,crop production is limited to only one crop per year. Farmers usually grow major foodand fiber crops continuously for income 	without legume rotation. However, results oflong-term experiments have shown that crop rotation with legumes is possible. Althoughthe rotation 	system did not have much effect on the soil organic matter content, it didincease farmers' income, especially in the cassava-groundnut system (Table 13). 

Mulching 

Mulching is already a widespread practice in the northern part of the country whereirrigation is available to grow crops in the dry season after broadcasting rice. Rice straw isthe main mulching material of the area. Experiments have shown that better moisture
conservation is achieved by mulching (Kubota et al., 1979). A mulching and nitrogenfertilizer application study for maize production in Reddish-Brown Lateritic soils concludedthat in order to obtain relatively high and stable yields of maize, N-fertilizer 	should beapplied at basal levels 	and crop residues used as mulches. Proper use of mulches canmaintain soil moisture at high levels throughout the year as well as moderate the soiltemperature (Virakornpanich et al., 1984). However, straw and other materials formulching are generally unavailable at times, especially at the beginning of the rainyseason. This scarcity of mulching material in combination with the labor required fortransporting and spreading the mulch is the main limitation of this practice. 

Table 13. 	 Benefit Gained and Soil Organic Matter Status in
Cassava-Legumes Rotation on a Red-Yellow Latosol Soil
at Khon Kaen, 1976 to 1983 (Field Crops, Soils and 
Fertilizer Research Group, Soil Science Division). 

Cropping System Average Average Soil O.M. 
Net Return -
Per Year 1976 1978-80 1981-83 

B ha "1 1yr- .............. % ..............
 

0.87 

8,040 0.71 0.62 
9,230 0.77 0.60 

0.87 
10,760 0.75 0.68 

5,210 0.75 0.63 

t Rotation sequence started with cassava followed by groundnut or nung bean, 	 and pigeon pea another year. 
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Conclusion and Future 
Research Needs 
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Management Strategies for Improving the Fertility and
Productivity of Paddy Soils 

C. Kanareugsa, J. Hasavayukul, and J. Takahashi 
Department of Agriculture, Bangkok, Thailand 

ABSTRACT. The available silica content of soils in the North region is 40 to 62 ppm SiO2.Criteriaestablished in countries of temperate climates suggest that a response of rice tosilica application is likely if the available silica content of the soil is below 110 ppm.Accordingly, most of the soils of the Northeast should respond to silica application.Experiments were conductedfron 1975 to 1978 in Sakon Nakhon, Khon Kaen, UbonRatchathani, Surin, Kuan Gut, Khok Samnrong and Phrae. Response to silica wasparticularlystriking after 1977 when potash application was increased to a rate of 75kg/ha of K20 instead of an initial annual rate of 375 kg/ha of KO. Thus, the low level ofavailable potassium was the principalfactor which limited the response of rice to silicaapplications. Yield data indicate that highly significant responses were obtained by tieapplicationof silica only in Sakon Nakhon and Ubon Ratchathani where the available
silica content was extremelv low. A less striking but significant response was obtained imiKhon Kaen. Response at Surin was also positive, but rice yields ivere not increased bysilica application in Phrae, Kian Gut and Khok Sainrong. It is felt that criteria establishedin countries of temperate climates should be cautiously adopted in tropicalcountries wherethe rate of mineral weathering is mnuch faster. 77tis study suggests that the critical levels of
nutrients in the tropics could be much lower than in the temperate zone. 

Introduction There are large areas of sandy soils in Thailand, especially in the northeastern part of the
Kingdom. According to Motomura (1973), the available silica content of soils in thzNortheast region is 40 to 62 ppm SiO,. Imaizumi and Yoshida (1958) reported that response of rice to silica was likely if the available silica content of the soil was below110 ppm. Thailand has many soils of sandy texture which contain less than 110 ppmavailable silica, particularly in the Northeast. Accordingly, most of the soils of theNortheast should respond to silica application. Motomura also concluded that many sandysoils are very low in magnesium and zinc. According to the criteria given by Tanaka andYoshida (1970) and Yoshida (1975), the contents of these elements in some Thai soils arebelow the critical levels. Magnesium deficiency in the rice plant is also well-documented 
(Sako, 1956). 

Materials and Methods Experimental Sites 

The experiments were conducted at the following Rice Experiment Stations. The official
abbreviations are indicated. 

Site Region 

I. Sakon Nakhon (SKN) Northeast 
2. Khon Kaen (KKN) Northeast 
3. Ubon Ratchathani (UBN) Northeast 
4. Surin (SRN) Northeast 
5. Khok Samrong (KSR) Central Plain 
6. Phrae (PRE) North
7. Nakon Srithamarat (NSR) South
8. Kuan Gut (KGT) South 
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Layout of Experimental Plots 

(a) Design: 	Randomized complete block design. 

(b) Four replications 

(c) Plot size: 3 in x 5 m. 

Layouts were the same at all locations. 

Materials 	Used 

N 	 Ammonium sulphate. 

P20 5 	 Triple superphosphate. 

K20 	 Potassium chloride. 

SiO 2 	 Slag from Kawatetsu Steel Co. (Japan) was used. This slag contains 30 percent 
guaranteed weak-acid soluble silica (SiO 2)and is widely used as a silica source 
for paddy in Japan. 

MgO 	 Magnesium oxide of industrial grade was used. 

ZnO 	 In 1975, zinc chloride of industrial grade was used. After 1975, zinc sulphate 
of chemical gra(': was applied. 

Cultural Practices 

(a) 	Rice variety: RDI. 

(b) 	 Spacing: 25 x 25 cm, 3 seedlings per hill. 

(c) 	Yield measurement: after discarding two border rows of plants, the entire plot was 
used for yield measurement. 

Modification of the Treatment 

Analysis of the plants sampled at harvest in 1976 showed that 37.5 kg/ha of K 0 was not 
sufficient in Ubon and Nakon. Thus, in 1977, K20 was increased to 75 kg/ha ior all 
locations. 

Rice Plant Sampling 

In !976, rice plant samples were taken at harvest from replicated plots and combined for 
each treatment. Locations sampled were Surin, Khon Kaen, Khok Samrong and Kuan Gut. 
In 1977, samples were taken at Sakon Nakhon and Ubon. Analytical results from Sakon 
Nakhon were combined with those of the four locations sampled in 1976 and are shown in 
Tables la and lb. Plot by plot samples from Ubon were analyzed and the variability in the 
nutrient content of the straw is shown in Table 2. 

Results and Discussions 	 Rice yields at different locations in this study are reported in Tables 3 through 8 for the 
years 1975, 19716, 1977 and 1978. The experiment was not conducted at Khok Samrong 
and Srithamarat in 1975. Experiments were lost at Sakon Nakhon by drought in 1976, and 
by flood at Khon Kaen in 1977 aad at Ubon, Khon Kaen and Khok Samrong in 1978. 
Experimci at Kuan Gut, Phrae and Nakon Srithamarat werr, discontinued in 1978 since 
no significant responses to the treatments were observed. 
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Table la. Nutrient Content of Rice Straw at Harvest at Different 
Locations in 1976. 

Trt. 
No. t 

N p 

SRN* KSR KKN KGT SKN SRN KSR KKN KGT SKN 

. . . . ........% . ......... ............... %4............... 

1 0.637 0.514 0.432 0.699 0.493 0.115 0.055 0.045 0.070 0.430 

2 0.459 0.548 0.377 0.713 0.725 0.135 0.070 0.060 0.070 0.919 

3 0.425 0.439 0.363 0.613 0.543 0.110 0.050 0.080 0.100 0.606 

4 0.411 0.377 0.418 0.802 0.529 0.130 0.055 0.075 0.095 0.782 

5 0.466 0.487 0.329 0.754 0.529 0.130 0.060 0.052 0.055 0.723 

6 0.535 0.466 0.425 0.603 0.507 0.120 G.C75 0.050 0.090 0.704 

7 0.439 0.480 0.445 0.754 0.565 0.135 0.055 0.050 0.095 1.075 

8 0.466 0.432 0.439 0.603 0.688 0.115 0.060 0.060 0.080 0.684 

9 0.459 0.432 0.452 0.775 0.543 0.135 0.052 0.075 0.090 0.528 

10 0.528 0.507 0.466 0.768 0.529 0.140 0.070 0.062 0. 1'2 0.626 

11 0.473 0.651 0.418 0.830 0.551 0.145 0.071 0.075 0.120 0.782 

12 0.514 0.507 0.418 0.679 0.529 0.150 0.055 0.050 0.110 0.567 

13 0.377 0.583 0.445 0.830 0.493 0.115 0.075 0.070 0.072 1.017 

14 0.480 0.439 0.432 0.768 0.551 0.125 0.060 0.070 0.072 0.841 
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Table Ia. (Continued) 

Trt. K Ca
No. 

SRN KSR KKN KGT SKN SRN KSR KKN KGT SKN 

. . .. .. .. .. . . . . % . .. . . . . . . .. . . .. ... . . .. . . .. . . . . %7 . . ... . . .. . . ... . 

1 0.860 0.920 0.880 1.820 0.430 0400 0.320 0.320 0.420 

2 1.000 0.860 1.260 1.440 0.919 0.360 0.360 0.260 0.490 

3 0.780 0.960 1.360 1.760 0.606 0.400 0.320 0.280 0.470 

4 0.820 0.860 1.000 1.640 0.782 0.380 0.360 0.360 0.490 

5 0.820 0.860 1.300 1.440 0.723 0.450 0.360 0.280 0.450 

6 0.700 0.820 0.860 1.600 0.704 0.320 0.450 0.320 0.420 

7 1.040 0.960 1.300 -.480 1.075 0.380 0.400 0.320 0.400 

8 0.780 0.780 0.960 2.560 0.684 0.320 0.470 0.320 0.470 

9 0.700 0.860 1.520 1.440 0.528 0.400 0.400 0.360 0.490 

10 0.780 0.860 1.440 2.120 0.626 0.00 0.350 0.450 0.450 

11 0.860 0.880 0.920 1.400 0.782 0.400 0 400 0.450 0.490 

12 0.920 0.860 0.740 1.300 0.567 0.470 0.420 0.280 0.490 

13 0.820 0.860 1.000 1.480 1.017 0.340 0.450 0.400 0.470 

14 0.860 1.080 0.860 1.360 0.841 0.360 0.340 0.400 0.520 

t See Table 2 for treatment descriptions.
 
f SRN = Surin, KSR = Khok Samrong, KKN = Khon Kaen, KGT = Kuan Gut, SKH = Sakon Nakhon.
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Table lb. Nutrient Content of Rice Straw at Harvest at ifferent 
Locations in 1976. 

Trt. 
No.t 

Mg SiO 2 ZI 

SRNf KSR KKN KGT SKN SRN KSR KKN KGT SKN S-LV KSR KKN KGT SKN 

......... %............................................. ............... ppm ............. 
1 0.090 0.300 0.150 0.080 - 9.45 15.19 8.99 11.49 8.99 20 9 61 96 325 

2 0.100 0.320 0.160 0.110 - 8.59 14.69 6.69 9.59 5.67 64 7 52 109 98 

3 0.100 0.290 0.200 0.110 - 8.19 14.89 8.69 11.29 11.45 56 5 46 93 130 

4 0.115 0.330 0.205 0.100 - 8.59 15.19 8.59 8.59 6.96 48 20 36 75 73 

5 0.090 0.320 0.190 0.120 - 7.29 14.79 8.59 11.69 11.56 43 5 48 98 33 

6 0.110 0.320 0.190 0.135 - 11.09 15.19 8.99 9.29 9.41 43 7 36 84 30 

7 0.090 0.320 0.215 0.115 - 10.29 13.69 9.99 11.59 13.70 36 3 56 80 78 

8 0.145 0.390 0.210 0.150 - 9.19 15.89 9.99 12.49 19.05 34 9 36 80 75 

9 0.060 0.320 0.180 0.080 - 8.29 14.69 8.49 9.79 8.03 61 7 45 91 85 

10 0.080 0.310 0.190 0.100 - 8.89 14.69 8.39 10.29 13.05 70 9 64 98 105 

11 0.080 0.320 0.185 0.090 - 8.39 15.49 8.69 16.49 4.92 52 16 64 100 155 

12 0.080 0.320 0.130 0.100 - 7.39 15.49 7.69 12.49 7.60 70 16 70 124 138 

13 0.080 0.351 0.190 0.110 - 0.99 14.69 8.19 10.49 10.15 48 7 6i 128 305 

14 0.170 0.280 0.235 0.130 - 8.69 8.79 8.49 9.99 9.95 129 9 80 120 103 

t 
t 

See Table 2 for treatment descriptions.
SRN = Surin, KSR = Khok Samrong, KKN = Khon Kaen, KGT = Kuan Gut, SKH = Sakon Nakhon. 



Table 2. Nutrient Content of Rice Straw at Harvest From the 
Ubon Experiment Station in 1977. 

Trt. Treatment N P K ZnSiO 2 

No. Description
 

............. ... % .............. ppm
 

I No fertilizer 0.57at 0.1lab 0.82ab 10.9cd H W4bcd 

2 NPK only 0.58a 0.12a 0.92ab 7.5d 55de 

3 NPK + 156 kg Si ha- l 0.62a 0.12a 0.83ab 13.2bc 44e 

4 NPK + 156 kg Si ha-' +
 
50 kg Mg ha-1 0.55a 0.1Oabc 0.91ab 13.5bc 65de
 

5 NPK + 312 kg Si ha-1 0.60a 0.09bc 0.98ab 16.6ab 44e
 

-
6 NPK -t- 312 kg Si ha +
 
-
100 kg Mg ha 0.56a 0. 10abc 0.95ab l?.Obc 40e
 

7 NPK + 624 kg Si ha- I  0.61a 0.08c 1.00a 18.5a 47e
 

8 NPK + 624 kg Si ha-1 +
 
200 kg Mg ha- 0.59a 0.09bc 0.83ab 16.6ab 41e 

-9 NPK + 9 kg Zn hat 0.51a 0.1lab 0.85ab 8.7cd 104cde 

10 NPK + 18 kg Zn ha- 0.56a 0.12a 0.90ab 10.6cd 175b 

! I NPK + 36 kg Zn ha- 1 0.53a 0.12a 0,80ab 8.6cd 149bc 

+ 72 kg Zn ha- 1  12 NPK 0.58a 0.12a 0.64b 9.9cd 153bc 

13 NPK + Si + Zn 0.53a 0.09bc 1.05a 12.1bcd 158bc 

14 NPK + Si + Mg + Zn 0.55a 0.10abc 1.08a 16.8ab 278c 

CV (%) 	 14.2 12.8 23.0 24.1 38.0 

t 	Any two treatment means followed by the same letter are not significantly different at 5% probability level by 
Duncan's Multiple Range Test. 
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Table 3. 	Effect of Silica, Magnesium and Zinc on Paddy Yield,
Applied in Combination with NPK at Ubon (UBN)t. 

No. Treatment Grain Yield 

N P2 0 5 K20 SO, MgO ZnO 1975 1976 1977 

............................... kg ha-1 . . . . . . . . . . . . . . . . . . . . . . . . . .
.... 

1 0 0 
 0 0 0 0 1340f4 16 10g 1760e 

2 75 37.5 75 0 0 0 1990de 3360cde 2940cd 

3 75 37.5 75 156 0 0 2080cde 3450bcde 3020bcd
 

4 75 37.5 75 156 
 50 0 2140bcde 3240cde 3460abc
 

5 75 37.5 
 75 312 0 0 2390ab 4040a 3960a
 

6 75 37.5 75 312 100 0 
 2230bcd 3390bcoe 3660ab
 

7 75 37.5 75 624 
 0 0 2540a 3910ab 3760;, 

8 75 37.5 75 624 200 0 2360abc 3710abc 3960a 

9 75 37.5 75 0 0 9 1940de 2650f 2990cd 

10 75 37.5 75 0 0 18 2120bcde 2990def 3020bcd
 

11 75 37.5 
 75 0 0 36 1870e 2960def 2460d
 

12 75 37.5 75 0 0 72 2000de 2930ef 2940cd 

13 75 37.5 75 312 0 36 2420ab 3710abc 3890a
 

14 75 37.5 75 312 100 36 2170bcde 3480bcd 3440abc
 

CV (%) 9 	 10 9 

t In 1975, the potash rate was 37.5 kg ha "1 which was too little for this Station. In 1978, the experiment was 
lost by flood. 

f Any two treatment means followed by the same letter are not significantly different at the 5 % probability level 
by Duncan's Multiple Range Test. 

276
 



Table 4. Effect of Silica, Magnesiwn and Zinc on Paddy 

Yield at Sakon Nakhon (SKN).t 

No. Treatment Grain Yield 

N P20 5 K20 SiO 2 MgO ZnO 1975 1976 1977 

1 . . . . . . . . . . . . . . . . . . . . . . . . . ............................... kg ha- ......
 

1 0 0 0 0 0 0 2120dt 1650e 1510d
 

2 75 37.5 75 0 0 0 3120abr 2480d 1960c
 

3 75 37.5 75 156 0 0 3340abc 3840bc 2560a 

4 75 57.5 75 156 50 0 3080abc 3230bc 2390ab 

5 75 37.5 75 312 0 0 3290abc 3500ab 2610a 

6 75 37.5 75 312 100 0 2890bc 3520ab 2720a 

7 75 37.5 75 624 0 0 3500ab 3960z 2670a
 

8 75 37.5 75 624 200 0 3030abc 3370bc 2380ah 

9 75 37.5 75 0 0 9 2940bc 2580d 2190bc 

10 75 37.5 75 0 0 18 2710cd 2860cd 2050bc 

11 75 37.5 75 0 0 36 2350bc 2940cd 2040bc 

12 75 37.5 75 0 0 72 3160abc 2620d 2050bc 

13 75 37.5 75 312 0 36 3720a 3640ab 2640a 

14 75 37.5 75 312 100 36 3180abc 3340bc 2660a 

CV (%) 	 14 12 9 

t 	In 1975, 'he potash rate was 37.5 kg ha-' which turned out to be the limiting factor in the Station. In 1976, 

the experhient was lost by drought. 
t Any two t.eatment means followed by the same letter are not significantly different at the 5% probability level 

by Duncan's Multiple Range Test. 
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Table 5. Effect of Silica, Magnesium and Zinc on Paddy Yield,
Applied in Combination with NPK at Khok Samrong
and Khon Kaent. 

No. Fertilizer Treatment Paddy 

N P2 0 5 K20 SiO 2 MgO ZnO Khok Samrong Khon Knen 

1976 1977 Mean 19761975 Mean 

........................... ..........................
 

1 0 0 0 0 0 0 1810 1390 1600f. 1910 1320 1610c 

2 75 37.5 37.5 0 0 0 3280 2740 3010cd 3630 3540 3590b
 

3 75 37.5 37.5 156 0 0 3080 2840 2960dc 3730 3820 3780ab 

4 75 37.5 35.5 156 50 0 3440 3410 3420abcd 3940 3920 3930ab
 

5 75 37.5 37.5 312 0 
0 3720 3140 3430abcd 3840 4070 3960ab 

6 75 37.5 37.5 312 100 0 3580 2980 3280abcd 3950 3880 3920ab 

7 75 37.5 37.5 624 0 0 3520 2810 3170bcd 3880 4240 4060a
 

8 75 37.5 37.5 624 200 0 2820 
2430 2620c 4350
3640 3990ab 

9 75 37.5 37.5 0 0 9 3240 3460 3350abcd 4190 4120 4160a 

10 75 37.5 37.5 0 0 18 3750 3740 3740ab 
 3710 4100 3900ab
 

11 75 37.5 37.5 
 0 0 36 3960 3710 3830a 3780 3740 3760ab 

12 75 37.5 37.5 0 0 72 3840 3340 3590abc 3780 4020 3900ab 

13 75 37.5 37.5 312 0 36 3790 3240 3510abcd 4010 4200 4 100a 

14 75 37.5 37.5 312 100 36 3910 3530 3720ab 
 3830 3900 3860ab
 

t After 1975, the potash rate was 75 kg ha-1.: Any two treatment means followed by the ;ame letter are not significantly different at the j% probability leiel 
by Duncan's Multiple Range Test. 
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Tgable 6. Effect of Silica, Magnesium and Zinc on Paddy
Yield, Applied in Combination with NPK at 
Surin. 

No. Treatment Grain Yield 

N P20 5 K20 SiO 2 MgO ZnO 1975 1976 1977 1978 

................................ kg ha -I ................................
 

1 0 0 0 0 0 0 1980bt 3090b 2270b 2420ab
 

2 75 37.5 75 0 0 0 2780a 3880ab 2890ab 3100ab 

3 75 37.5 75 156 0 0 2600ab 3820ab 3440a 3630ab
 

4 75 37.5 75 156 50 0 2780a 3590ab 3270a 3160ab 

5 75 37.5 75 312 0 0 2840a 3440ab 3480a 3150ab
 

6 75 37.5 75 312 100 0 3150a 3820ab 3040ab 3430ab
 

7 75 37.5 75 624 0 0 2710a 3730ab 3340a 3480ab 

8 75 37.5 75 624 200 0 2740a 3480ab 2960ab 3340ab
 

9 75 37.5 '75 3 0 9 3210a 3830ab 3390a 3210ab 

10 75 37.5 75 0 0 18 2700a 3780ab 3560a 3340ab 

11 75 37.5 75 0 0 36 3140a 3670ab 3110ab 2710b 

12 75 37.5 75 0 0 72 2990a 3820ab 3140ab 3280ab 

13 75 37.5 75 312 0 36 2730a 3?90ab 3230a 3520ab 

14 75 37.5 75 312 100 36 3020a 4100a 3510a 3900a 

CV (%) 15 12 10 18 

t Any two treatnent means followed by the ramz letter are not significantly different at the 5 % probability level 
by Duncan's Multiple Range Test. 
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Table 7. Effect of Silica, Magnesium and Ziac on Paddy

Yield, Applied in Combination with NPK at

Kuan Gut and Nakon Srithamarat.
 

No. Treatment Grain Yield 

N P205 KO SiO 2 MgO ZnO Kuan Gut 	 Nakon 
Srithamarat 

1975 1976 1976
1977 1977
 

........................... 
 . . . . . . . . . . . . . . . . . . . . . . . . . . 

1 0 
 0 0 0 0 0 1650dt 2320b 1490b 1650b 1380b
 

2 75 37.5 75 0 0 0 3040abc 3180a 2790a 2730a 2610a 

3 75 37.5 75 156 ,9 0 
2800bc 3360a 2800a
2840a 2680a 

4 75 37.5 75 156 50 0 3010abc 3290a 2980a 2940a 
 2420a
 

5 75 37.5 75 
 312 0 0 2900abc 3380a 2970a 
 3050a 2560a
 

6 75 37.5 75 312 100 0 3010abc 3340a 2960a 3020a 2710a
 

7 75 37.5 T 624 0 0 2860abc 3460a 2850a 2720a 2650a 

8 75 37.5 75 624 200 0 2820bc 3240a 2960a 2930a 2070a 

9 75 37.5 75 0 0 9 3100ab 3220a 3110a 2900a 2660a 

10 75 37.5 75 0 0 18 2990abc 3360a 2970a 2890a 2590a 

1 75 37.75 5 0 0 36 3190a 3090a 3140a 2690a 2620a 

12 75 37.5 75 0 0 72 2820bc 3190a 2990a 2890a 2710a 

13 75 37.5 75 312 0 36 2720c 3310a 2780a 2990a 2840a 

14 75 37.5 75 312 100 36 2990abc 3490a 3130a 2720a 2630a 

CV(%) 8 9 99 9 

t Any two treatment means followed by the same letter are not rgnificantly different at the 5% probability levelby Duncan's Multiple Range Test. 
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Table 8. Effect of Silica, Magnesium and Zinc on Paddy 
Yield, Applied in Combination with NPK (1977) 
at Phrae. t 

No. Treatment Grain Yield 

N P20 5 KO SiO2 MgO ZnO 1975 1977 1978 

kg ha-1  . . . . . . . . . . . . . . . . . . . . . . . . . . ......... ..................... ......
 

1 0 0 0 0 0 0 2690bf 3660b 3630b 

2 75 37.5 75 0 0 0 3740a 4810a 4010a 

3 75 37.5 75 156 0 0 3490a 5190a 3960a 

4 75 37.5 75 156 50 0 3740a 5010a 4450a 

5 75 37.5 75 312 0 0 3480a 4770a 3860a 

6 75 37.5 75 312 100 0 3340a 5050a 3920a 

7 75 37.5 75 624 0 0 3360a 4820a 3990a 

8 75 37.5 75 624 200 0 3270a 5540a 3970a 

9 75 37.5 75 0 0 9 3710a 5300a 4160a 

10 75 37.5 75 0 0 18 3630a 4870a 3990a 

11 75 37.5 75 0 0 36 3510a 5160a 3890a 

12 75 37.5 75 0 0 72 3780a 5580a 4160a 

13 75 37.5 75 312 0 36 3380a 5120a 4020a 

14 75 37.5 75 312 100 36 3580a 4950a 3920a 

CV (%) 9 12 11 

t In 1978, the experiment was discontinued as there was no prospect of special element ever being effective. 
t Any two treatment means followed by the same letter arc not significantly different at the 5% probability level 

by Duncan's Multiple Range Test. 
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Table 9. Effect of Silica and Zinc on Paddy Yield, Applied inCombination with NPK at Sakon Nakhon (SKN) and
Surin (SRN) in 1978. 

No. Treatment Grain Yield 

N P20 5 K20 SiO 2 ZnO SKN SRN 

.......................... . . . . . . . . . . . . . . . . . . . . . . .
 

1 0 0 0 0 0 1490det 1980c 

2 0 0 
 0 312 0 1690cde 2090bc
 

3 0 0 0 0 18 1390e 1990c
 

4 37.5 37.5 
 37.5 0 0 2000bcd 2610abc
 

5 37.5 37.5 37.5 312 0 2690a 2760ab 

6 37.5 37.5 37.5 0 18 1810cde 2580abc 

7 37.5 37.5 37.5 312 18 2380ab 2380abc
 

8 75 37.5 75 0 
 0 2440ab 2450abc 

9 75 37.5 75 312 0 2660a 2960a
 

10 75 37.5 75 0 18 2080bc 2660abc
 

11 75 37.5 75 312 18 2610a 2780ab
 

CV (%) 16 12 

t Any two treatment means followed by the same letter are not Qignificantly different at the 5% probability level
by Duncan's Multiple Range Test. 

Silica 

Yield data indicate that there was a significant response to the application of silica atUbon, Sakon Nakhon and Khon Kaen. Response at Surin was also positive. But at Phrae,Khok Samrong and Nakon Srithamarat there was no significant response to silica. 

Response to silica is particularly striking after 1977 when the rate of potash applied wasincreased from 37.5 kg/ha to 75 kg/ha. Potash appears to have been the main factor which
limited the response of rice to silica applications. 
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Silica is not an essential element; however, its beneficial effect on rice, i.e., increased 
stem strength, has been established. Rice producing countries now recognize the 
importance of available silica in paddy fields. For example, Japan curiently utilizes about 
1 Mt/yr of silica-based fertilizers on rice. 

Imaizumi and Yoshida (1958) state that if the silica content of rice straw at harvest is less 
than Il percent, "a profitable increase in yield with the highest possibility" is assured. A 
very imarked response of rice to silica occurred at Sakon Nakhon where the silica content 
of straw at harvest was about nine percent in the absence of fertilizer (NPK) application 
(Tables lb and 9). The silica content drops to about five percent when rice is fertilized 
with 75 kg/ha of N, along with P and K. The probable reason for this is that the rice 
plant undergoes extra vegetative growth from the nitrogen, but without additional silica. 
The tables also indicate that the application of silicate material markedly increased the 
silica content of straw up to 19 percent and also increased the yield of rice. 

At Ubon the silica content of straw for the control treatment was about ten percent which 
decreased to 7.5 percent if NPK was applied without silicate. Silica content of straw at the 
two locations suggests that in some cases the crop requirement for silica may have 
exceeded th natural rate of silica release from soil minerals. Thus, paddy yields may be 
limited by insufficient amounts of available silica. Most farmers in the Northeast are not 
operating toward the upper end of the yield-response curve. Thus, silica deficiencies in 
rice are not often apparent. Once farmers start to apply fertilizers, the yield potential will 
increase and silica deficiencies will be expressed, along with other nutrient deficiencies 
(Ishizuka and Tanaka, 1959; Kanareugsa et al., 1971). 

An experiment was started in 1978 to determine at what level of NPK application silica 
deficiency is manifested. This experiment was started in Sakon Nakhon, Surin, Ubon and 
Khon Kaen. The results of the Sakon Nakhon and Surin experiments are shown in Table 
9. Because of excessive floodirg, results from the other two locations are not available. 
When no NPK fertilizer is applied, rice response to silica is negligible. However, when 
37.5 kg/ha each of NPK was applied, the eff'ct of silica was significant at Sakon Nakhon. 
In Surin there was a yield response to silica at all levels of NPK fertilizer, especially at 
the highest rate. 

The levels of available silica in soils at various experiment stations are very low according 
to the following data by Motomura (1973). An exception is the value reported for Nakon 
Srithamarat which indicates more than 300 ppm of available SiO 2. 

Sites Available SiO 2 

ppm 

Sakon Nakhon 6 
Ubon 7 
Surin 13 
Phrae 29 
Khon Kaen 40 
Kuan Gut 48 
Khok Samrong 67 
Nakon Srithamarat 322 

inaizumi and Yoshida (1958) proposed that when soil contains less than 110 ppm of 
available silica, yield response to applied silica is likely. Ifthis is applicable to Thailand, 
there should be a response to silica at all stations, except for Nakon Srithamarat. 
However, highly significant responses to silica were obtained only at Sakon Nkhon and 
Ubon where the available ilica content of the soil was extremely low. A less striking 
response, though significant, was obtained at Khon Kaen. 
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Plant analyses shown in Tables lb and 3 to 9 suggest that there should be a response toapplied silica in Sakon Nakhon, Ubon, Khon Kaen and Surin. There was little response toapplied silica at Phrae, Kuan Gut and Khok Samrong as far as paddy yield is concerned,even though the soil analysis data would terid to predict that a positive response waspossible. The reasons for 	this discrepancy are not apparent. 

These data indicate that critical nutrier ' levels established in countries with temperateclimates should be adopted with caution in tropical countries. Jackson and Sherman (1953)stressed that weathering of soil minerals under tropical conditions occurred at a muchfaster rate than in temperate climates. Silica becomes soluble during the weathcring
process. Therefore, critical levels of nutrients in the tropics would probably be much
lower than in temperate regions since nutrients such as silica 
can be replenished morerapidly from weathering under hot tropical conditions. 

There is also a favorable effect of temperature on nutrient absorption. Mitsui (1951) foundthat the absorption of silica by rice roots in paddy was a metabolic process dependentupon temperature. The optimum temperature for absorption is about 30', a temperaturewhich often occurs under tropical conditions. Takahashi (1955) fbund out that the percentsilica in rice plants grown under warm conditions was consistently higher than in ricegrown under cool conditions. This suggests that tropical conditions are favorable for silica 
absorption. 

Magnesium 

No response to magnesium was observed at any site in any year of the present experiment.The magnesium contents of the surface soils of the various experiment stations are shown 
in Table 10. 

Table 10. 	 The Magnesium Contents of the Surface Soils at

Various Experiment Stations in Thailand (Motomura,

1973).
 

Experiment Station Mg MgO 

nleq 100 g-I soil ppn 

Ubon 
0.10 20Sakon Nakhon 
 0.22 44Surin 
0.29 58Khon Kaen 0.64 128Phrae 
0.99 200Kuan Gut 1.49 298Khok Samrong 3.91 782Nakon Srithamarat 10.8 2160 
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Managing Soil Acidity in Northeast Thailand 

J.L. Ragland
Department of Agrontmy, University of Kentucky, Lexington, 
Kentucky, USA 

ABSTRACT. The results of soil analyses,field and greenhouse experiments conducted in
1983 and 1984, plus a r. view of literature will be presented. 

Soils of the Northeast generally develop a low pH, approximately 4.5, in the dry seasonbut are not extremely acid. Buffering capacitiesare low due to low CECs and the pH iseasily increased. The liming effects of waterlogging are usually sufficient to raise soilpH
above critical levels in both paddy and upla.d soils. 

Animal manures which have been added to the rice seedbeds probably complex solublealuminum in the soil as well asprecipitate aluminum by raising the soilpH. 

The pH of rainfed rice paddies declines between rains as the soil dries. Part of thedrought damage may be a result of increases in soil acidity and decreases in nutrient 
availability,particularlyphosphorus. 

Yield responses to lime have been found for peanuts, watermelons, Cuban kenafandperhapsfor rice. However, it is not known if the responses are due to the increased
availabilityof needed plant nutrients or a reduction in soil acidity. 

The ammonium acetate lime requirement test, commonly used in Thailand, grossly
overest, .,tes the need for lime. 

Generally, lime additions should not exceed 100 kg/rai in order to avoid the possibility ofinducing micronutrient deficiencies or imbalances. 

Introduction At first sight, any soil scientist visiting Northeast Thailand would say "These soils need generous additions of everything-lime, fertilizer and organic matter." However, it quicklybecomes apparent that the farmers usually cannot afford to purchase any production inputs.In general, the cost of such inputs is too high for the extra production to be profitable.Therefore, an agricultural adviser must look for improvements that can be made with littleor no cash invested. In going through such a process in the fall of 1982, the authorconcluded that better water management was the best low-cost intervention possible. Highsoil water content directly improves rice yields, increases the availability of plant nutrientsand dramatically reduces soil acidity. Therefore, managing rainfall runoff in ways thatkeep as much land saturated for as long as possible became a project priority.
Constructing fail-safe diversion weirs seemed to be the best adjtinct to the elaborate 
bunding system already in place. 

Where there is not enough water to keep the soil saturated or submerged, a second bestapprouch appeared to be using some of the country's abundant supply of limestone to 
neutralize soil acidity. 

Thus, the two soil priorities chosen for NERAD were first, the self-liming, self-fertilizingnatural process that comes from saturating the soil and second, the use of a naturallyabundant supply of calcium carbonate (limestone) that could be provided to farmers at verylow cost. The low buffering capacity of these soils means that only small additions of lime are needed to obtain the liming benefit. 
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Characteristics of 
Northeastern Soils 

Soil Acidity and Sail 
Moisture 

Iroi Transformations and 
Soil Acidity 

To date, our soil fertility and -1 chemistry work has characterized soil acidity changes 
throughout the season, demonstrated how water and lime can substitute for one another, 
and attempted to partition the benefits of saturating the soil with water between the water 
ne.ds of the crop anid the indirect benefits of correcting soil acidity, e.g., increasing the 
availability of plant nutrients such as phosphorus. 

Analyses of soil samples taken from farmers' fields u:sed in the 1983-44 NERAD cropping 
system trials are shiown ini Table 1. The mean soil pHs for Srisaket and Roi Et were 
below 5.0 whereas Lhose for Chaiyaphum and Nakon Phanom were considerably higher. 
This difference is most likely due to the large percentage of paddy iand in the Srisaket and 
Roi Et Tambons. Generally, paddy soils have been cropped for much longer than upland 
soils. Soil test values of less than 10 ar.d 50 ppm are considered to be low for P and K, 
respectively. 

Most soil samples collected in Thailand are taken in the dry season. Tis is necessary in 
order for the soil test results to be used as a guide for fertilizer and line additions to 
crops as they arc being [,.:mted. Ho; ever, samples collected at the peak of the dry season 
are more acid than those collc.cted during most of the crop's growing cycle. Soils are mole 
acid in the dry season because the ferrous iron (Fe+2) that accumulates during the wet 
season is oxidized to ferric iron (Fe 3) as he soil dries and atmospheric oxygen returns to 
the soil profile (Brinkman, 1978). Two hydrogen ions are produced for each fer,-ous ion 
oxidized (see Eq. 1). The pt:H goes quite low because of the low buffering capacity of the 
Northeast soils, soils with very low clay and organic matter content. 

Ragland et al. (1985) measured the pH and exchangeable aluminum level in a Northeast 
paddy soil and found that measurements fluctuated greatly and the changes closely 
paralleled changes in rainfall. A suiruna.y of the control lime treatment plots for rice and 
peanut studies is shown in Table 2. The soil pH varied by approximately one pH unit and 
exchangeable aluminum threefold wit'i time of sampling. It has, therefore, been difficult to 
establish critical pH and levels for aluminum toxicity. 

An additioral complication is the variaon in soil acidity with the depth of soil sampling 
as shown in Table 3. Results are for the rice plots described above from 0 to 15 cm soil 
depth and 0 to 1 cm. On February 13 the soil was more acid in die 0 to 1 cm sample; on 
May 13 acidity was equivalent at both samplig depths. 

'T'hese data suggest that as of Febnary 13, the acid-prodticing ferrous io ferric iron 
conversion process had not progressed down the entire 0 to 15 cm depth, but had by 
May 13. 

Brinkmar. (979) has unified his work and that of others on iron transformations and soil 
acidity in seasonally wet and dry tropical soils, in a process named ferrolysis. The overall 
process is illustrated in Figure 1. 

The key reactions involved in the ferrolysii process are the oxidation of ferrous iron by 
aerobic microorganisms as the soil dries: 

Fe + 2 + '4 02 + 21/ H20 - Fc.(OH) 3 + 2H+; [I] 
(soluble) ijsoluble) 
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Table 1. 	 Analyses of Soil Samples From Farmers Fields Used in the 
1983-84 NERAD Cropping Systems Trials. 

No. of Province Tambon Soil pH Organic 	Matter Phosphorus PotassiumSam ples 
PhosphorusPotassiu

Mean 	 Min Max Mean Min Max Mean Min Max Mean Min Max 

79 Srisaket Tae 4.7 4.1 6.6 

........ 

.8 

%........ 

.3 1.7 

.. ................ 

19 2 

ppm 

104 

............ ... 

20 9 81 
140 Sisaket Taket 4.Q 4.1 7.1 .6 .2 !.7 17 2 66 18 5 81 
62 Roi Et Nc~ng Kaew 4.9 4.0 6.7 .5 .3 0.7 9 1 25 18 5 36 
40 Roi Et Na Muang 4.6 4.0 5.9 .6 .4 1.0 15 2 46 26 5 81 
44 Chaiyaphum Kwang Jon 5.6 5.1 6.4 .6 .3 1.3 11 1 72 25 11 87 
13 Chaiyaphum Lahan 5.4 4.4 6.4 .9 .3 3.1 16 1 95 64 23 134 
31 Nakon Phanom Na Ngua 5.2 4.5 6.2 .8 .3 1.9 10 3 45 26 9 64 
21 Nakon Phanom Na Thom 5.5 5.1 6.0 2.5 1.3 3.7 6 2 14 128 54 3i7 



Table 2. 	 Changes in Soil pH, Exchangeable Aluminum and 
Aluminum Saturation of CEC on Unlimed Adjacent 
Fidds Planted to Rice and Peanuts. 

Soil Sampling Dates pH Al 	 Al Saturation 

of CEC 

Rice 	 Peanut Rice Peanut Rice Peanut 

meq 100 g-I ..... % ..... 

July 20 (planting) 5.31 4.94 1.62 2.44 29 44 

August 29 5.45 5.13 1.00 2.09 18 37 

November 4 5.39 5.36 1.38 1.76 25 31 

November 29 (harvesting) 5.25 5.20 1.93 1.25 34 22 

January 2 4.94 2.24 40 

February 13 5.08 1.95 35 

May 13 4.67 3.40 60 

Table 3. Differences in Soil pH and Exchangeable Aluminum with 
Date and Depth of Sampling. 

Lime pH Exchangeable Al 

Feb 13 May 13 Feb 13 May 13 

0-15 0-1 0..15 0-1 0-15 0-1 0-15 0-1 
cm cm cm cm cm cm cm cm 

kg rai- ! . . . . . . ......... 	 meq 100 g'! .
 

0 5.08 4.62 4., 4.48 1.93 3.37 4.68 5.23 
330 5.28 4.65 4.88 4.88 0.85 1.73 3.41 3.65 

1100 5.92 5.55 5.55 5.70 0.14 0.53 2.22 !.74 
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and the reduction of ferric iron by anaer6bic microorganisms when the soil is water
saturated or submerged: 

Fe(OH)3 + 3H+ - FE+ 2 + 3H 20. [2] 
(insoluble) (soluble) 

Aerobic and anaerobic conditions in a soil are not simply two distinct states but rather acontinuum depending on the degree of water saturation, levels of organic matter and timeexposed to wet and dry conditions. The sequence of reactions in Table 4 show the order in
which oxidized compounds are reduced as the soil becomes increasingly saturated with 
water. 

Although not shown as 	a reactant, fresh organic matter must be present as an energy
source for the microbes in order for the reactions to proceed. Accordingly, reactions are 
largely confined lo the surface soil layer. 

Aerobic microorganisms 	drive the oxidation reaction with atmospheric oxygen, the electron 
acceptor in microbial respiration (Patrick anid Reddy, 1978). Anaerobic organisms,
growing in the absence of atmospheric oxygen, use nitrate, manganese and iron as their
major electron acceptors (Patrick and Reddy, 1978). In soils iron is the major reactant
because of its abundance. Patrick and Reddy (1978) state that iron usually exceeds the
total amount of the other redox elements in the soil by a factor of 10 or more. 

An indication of how rapidly these reduction reactions occur in submerged soils is shown 
in Figure 2 (Patrick and Reddy, 1978). 

The important soil fertility changes with flooding are increases in the supply of available
N, P, Si, Mo and sometimes K, and reduced Zn and Cu availability (DeDatta, 1981). 

YOxygen 
 Ferric Water , 9'Organic+.-J. 
 - ++ hydroxId,. . -. \ / matter 

+ 	 X Exchangeable jo.\+ basic cations " - \+ 1% V 
+ 	 Exchangeable Exchangeable ,\ I+ 	 .X. hydrogen X aluminum \\V
+ 	 xand magnesium \Vj 

+ +
+ 4- Clay 	 Amorphous I+ Oxidation I minerals silica V Reduction++ 	 "f"+A I 
+ + 

X -4 	 Interlayer aluminum / 

+ 	 polymers and - It Water
trapped ferrous iron / I HCOs.

X / basic 
SI cations 

Exchangeable __...- I aluminum 
ferrous Iron " polymers

silica 

Figure 1. Relationship of the Oxidation and Reduction of Iron to 
Soil Acidity in Seasonally Wet and Dry Tropical Soils 
(After Brinkman, 1979). 
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Table 4. Thermodynamic Sequence of Soil Reduction. 

System Eot 

V 

O2+4H + +4e - = 2H20 0.814 

2NO3-+12H++0e- = N2 +6H 20 0.741 

MnO2 +4H++2e- = Mn 2+ +2H20 0.401 

CH 3COCOOH +2H + +2e- = CH 3CHOHCOOH -0.158 

Fe(OH) 3 +3H+ +e- Fe2+ +3H20 -0.185 

O42-+ 10H + +8e- = 2S+4H20 -0.214 

+CO 2 +8H +Se- = CH 4 +2H 20 -0.244 

N2 +8H++6e- = 2NH 4 + -0.278 

+NADP + +2H + +2e = NADPH+H -0.317 

+NAD + +2H + +2e- = NADH+H -0.329 

2H++2e- = H2 -0.413 

Ferredoxin (ox) +e- = Ferredoxin (red) -0.431 

t Eo corrected to pH 7.0 (Ponnamperuma, 1976). 

Sanchez (1976) summarized the effects of soil flooding, stating that "the main 
consequences of soil reduction are changes of soil pH to between 6 and 7 regardless of 
anaerobic pH, denitrification of nitrates and accumulation of ammonium, and increases in 
the solubility of iron, manganese and, in certain cases, phosphorus. The magnitude of 
these changes also varies with soil properties, ranging from highly beneficial to neutral 
and then to highly toxic to the rice plant. Upon drying, these processes are also 
reversible.'' 

For Northeast Thailand soils, organic matter content is ,o low that the accumulation of 
toxic levels of soluble iron or organic acids, alluded I) in Sanchez's summary, is not 
likely. However, the accumulation of toxic aluminum seems almost certain as the reduced 
soils dry and atmospheic oxygen returns. This situation arises because the hydrogen ion,
produced when ferrous iron is oxidized to ferric iron (Eq. 1), is absorbed on the exchange
sites of the clay. Hydrogen clay is not stable. A small amount of the clay is decomposed
with the release of aluminum and secondary silica. Essentially all of the hydrogen ions are 
consumed in this process and the soils become acidic due to the acid generating effect of 
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Figure 2. The Sequential Reduction of Several Soil Redox Systems 
in Rice Soil's. 

the presence of aluminum. The reason soil water systems, with soluble aluminum present,
have low pH is that a small fraction of Al is spontaneously hydrolyzed: 

2
AI+ 3 + H20-AI(OH)+ + H+ [3]
 

The small quantity of hydrogen produced from the hydrolysis reaction can be detected by
a pH meter. When the pH is4.5 or less, essentially all of the aluminum remains as

trivalent cations (Carson and Dixon, 1979). 
 This aluminum species is toxic to mostcommonly grown field crops and probably rice as well. If there are enough hydroxyl ionspresent for the pH to be above 4.5, the aluminum will be hydrolyzed in a stepwise
manner. Most aluminum is precipitated when the pH reaches 5.3 to 5.5. Partiallyhydrolyzed aluminum, hydroxyalumiaum, tends to permanently block the cation exchangecapacity. Reduced CEC and the long-term consequences of clay decomposition, due toendless repetitions of wet and dry cycles, are seriously degrading tropical soils, especiallylight-textured ones found in the Northeast. Brinkman (1977) has concluded that theferrolysis process has reduced the clay content in surface horizons of a Roi Et soil nearKalasin from 20 percent to less than ten percent and reduced its CEC from 10 meq/100 g
to I to 2 meq/100 g. 

A summary of Japanese-Thai soil characterizations (Motomura et al., 1979; Ogawa et al.,1975) of Northeast soils indicates how clay contents in paddy and upland soils vary. A summary of the textural differences in the plow layer of 41 paddy and 13 upland soils 
appears in Table 5. 

25 
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Aluminum Toxicity and 
Liming 

Table 5. Textural Differences in the Plow Layer of Northeast 

Paddy and Upland Soils. 

Land Use Clay Silt Sand pH Nt 

. . . . . ............... % ................
 

Paddy 10 20 70 4.8 41 

Upland 17 21 62 5.1 13 

t Number of samples averaged. 

Brinkman (1978) summarized the ferrolysis process as follows: 

"In the wet season, reduction of ferric oxides produces dissolved ferrous 
iron, which displaces and mobilizes exchangeable bases. The bases (and 
dissolved ferrous iron) are partially removed by leaching. In the dry 
season, oxidation of exchangeable ferrous iron produces ferric oxides and 
exchangeable hydrogen leading to partial decomposition of the clay and 
release of aluminum and silica. Partial neutralization of exchangeable 
aluminum along with reduction of ferric oxides in the wet season 
produces relatively stable ferrous-aluminum hydroxide interlayers in 2:1 
clays, leading to further decrease of the cation exchange capacity. 
Ferrolysis is confined mainly to the surface horizons where fresh organic 
matter is supplied annually." 

The last sentence of this statement naturally follows since the microorganisms that cause 
the iron transformations must have fresh organic matter as a carbon and energy source in 
order to grow. Brinkman and Dieleman (1977) suggested possible soil management 
schemes to reduce soil degradation due to ferrolysis, and also specific methods for 
rehabilitating the acid and saline soils in the Northeast. 

The frequent wetting and partial drying of Northeastern soils during the rainy season 
makes the acid producing part of the ferrolysis process potentially important for the 
growth and yield of both paddy and upland crops. Our working hypothesis was that part of 
the drought damage so commonly seen in the Northeast is due to aluminum toxicity and 
that liming will increase yields in dry years when the soil frequently dries between rains, 
but not in years of adequate rainfall.Where liming is a common practice, agronomists tend 
to use pH 5.5 as a critical level and advise farmers to apply enough lime to keep the soil 
above this level. This is a sound approach for commercial farmers to avoid aluminum 
toxicities and to increase the availability of phosphorous as illustrated in Figure 3. 

In the tropics, where subsistence farming predominates, a more conservative approach 
must be taken to liming. This caution is evident in the critical pHs reported for tropical 
soils. For example, Foster et al. (1980), reporting the results of twenty fertilizer and 
liming trials in Malaysia, found that the yields of peanuts, soybeans, maize and mung 
beans severely declined below pH levels of 4.2, 4.5, 4.8 and 5.1, respectively. Bandy 
(1983), working in Peru, concluded that the critical pHs for peanuts, maize and rice were 
4.6, 4.8, and 5.0, respectively. Kamprath (1980) questioned the usefulness of the critical 
pH and recommeaded instead that the percent aluminum saturation of the CEC by 
aluminum was a more important factor in predicting toxic levels of aluminum. He 
concluded that toxicity was likely if aluminum saturation of the CEC was greater than 
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Figure 3.Percent Distribution of Phosphate Species in SoilAffected by pH (Brady, 1974). as 

60 percent. This conclusion was based on the work of Nye e al. (1961) who found thattrivalent aluminum isheld so tighly by exchange sites that very littleof itisinSoil
solution until exchangeable aluminum occupies 60 percent or more of the soil's CEC.Others have sought to establish critical percentages of aluminum saturation for differentcrops. Foster et al. (1980) reported that the vfoues for groundnuts, soybeans, corn andmung bean were 65, 45, 25 and 15 percent, respectively.These reports did not describethe moisture status of the soils when they were sampled for the determination of pH andexchangeable aluminum. For tropical soils, this iwformation isabsolutely essential becauseitisthe best indication of whether a soil is oxidized or reduced. Without data on whetherthe sampled soil was wet or dry, i.e., reduced or oxidized, confusion inthe literatureabout critical pH and percent of aluminum saturation could easily arise.
 

Ragland et al. (1985) found no lime response for peanuts or rice where the soil pH was
 
above 5.0 to 5.4 during the growing season. The trials were conducted in 1983, a year 
4.6 was observed at transplanting and a lime response 
with ideal rainfall and constant soil submergence inthe rice paddy. In1984, a
obtained. The paddy dried outwas soil pH of 
many times between transplanting and harvest. A 1984 liming study With watermelons on a
 
soil of pH 5.1 gave a 35 percent yield increase from 100 kg/rai (625 kg/ha) of lime. Thefarmer also re-ported improvement in the color and sweetness of the melons. 
Suwanarit (1985) reviewed the results of several liming studies on yields of various cropsgrown in Thailand. Soils of pH 5.0 or less generally showedi yield responses to lime formung bean, peanut, soybean and sesame, but not for cassava even on a soil of pH 4.5.One study measured the effects of applying lime and gypsum at the pegging stage for 
peanuts grown on extremely acid soils. No yield increases were found. 
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Soil Water-Induced 
Acidity Changes in Upland 
Soils 

Reducing conditions occur not only in paddy soils. A clay pot study, summarized in Table 
6 for a Reneau loamy sand, pH 4.6, revealed the extent to which the pH can change even 
when the soil is freely drained (Ragland et al., 1985). The soil pH was measured at 
11 days after planting Cuban kenaf, October 14, and at 48 days after planting, just after 
harvest. 

These data illustrate how misleading pH measurements taken only at the beginning of an 
experiment can be, and may account for trials which do not show expected lime responses.
Apparently, this soil had such a low buffering capacity (CEC 1.7 meq/100 g, 0.6 percent
organic matter and 87, 7.5 and 5;5 percent sand, silt and clay, respectively) that even 
within the short period of II days from planting to the first pH measurements, the soil pH 
of all treatments had increased to the point that no lime response should be expected.
Surprisingly, however, there was a clear yield response under the low-moisture regime as 
shown in Figure 4. 

No explanation for this response is apparent since the pots were uniformly and generously 
fertilized with N, P and K. The response, nonetheless, was quite real. This apparent lime 
response was absent when the soil was watered to 32 percent moisture. It should be noted 
that this was a normal clay pot experiment with free drainage provided to all pots. 

A maximum water holding capacity (container capacity) (Cassel and Nielsen, 1986) of 
32 percent is approximately average for paddy soils in the Northeast and a little lower than 
average for upland soils. A summary of the Japanese-Thai soil characterization studies 
involving the water holding capacities of paddy and upland soils is shown in Table 7 

40-

Yield(g/pot) WPM)/ .... 

20-

Rep: 

Lime: 

Water: 

123 

0 

16% 

123 123 

0 

32% 

1 23 

100. 

Figure 4. Yield Response of Rice to Addition of Lime in 
Unflooded Pot Experiment. 

an 
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Table 6. Changes in Soil pH During an Unflooded Pot
Experiment as Affected by Addition of Lime 
(Ragland et al., 1985). 

Lime Added Soil Moisture pH 

October 3t October 14 December 20 

kg rai-' % 
0 16 4.6 5.53 6.17 
0 32 4.6 5.43 6.40 

100 16 4.6 6.27 6.00 
100 32 4.6 6.2 6.83 

t The initial soil pH before treatronts were imposed. 

Table 7. Differences in the Water Holding Capacity of Paddy andUpland Soils in Thailand (Motomura et al., 1979; Ogawa
et al., 1975). 

Land Use Maximum Water Holding Capacity Number 

of
MinAve Max Samples 

..... I ........ .................
 

Paddy 34 21 66 41
 
Upland 
 40 34 53 13 

(Motomura et al., 1979; Ogawa et al., 1975). Based on the pot study and the Northeastsoil characterization studies, it seems probable that most upland as well as paddy soils holdenough water to be sufficiently reduced during the rainy season to cause increases in soil
pH. 

Although partially reduced soil, where upland crops are growing, may solve acid soilproblems and increase the availability of needed plant nutrients, the net effect will benegative if waterlogging causes oxygen starvation. Injury from waterlogging is verycommon in the Northeast, particularly for field crops at th! seedling stage. Mung beanseems to be the most sensitive to flooding. Research is needed to establish the positive andnegative effects of waterlogging on the oilseed crops being tested as prerice crops.idea of such crops is to produce The a useful product from the unreliable rainfall that begins inApril but which is not sufficient for transplanting rice until late July or August. 
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Discussion 	 It seems justified to conclude that crops grown in Northeast Thailand respond to liming in 
the same ways as crops grown throughout the world. Situations exist here, however, that 
must be understood in order to add lime where it will be profitable and to avoid 
recommending it where no response will occur. First in this regard is the liming effect 
routinely derived from reducing conditions that develop when soils are water-saturated or 
submerged. Both paddy and upland soils in the Northeast are easily saturated because the 
unique distribution of soil particle sizes causes close packing and results in slow rainfall 
infiltration and permeability to water. Japanese-Thai profile characterization studies show 
that soil air volumes average 23 and 14 percent for paddy and upland soils, respectively
(Motomura et al., 1979; Ogawa et al., 1975). Distinct plow pans and low organic matter 
contents also contribute to soil saturation and the reducing conditions that result. Finally, 
most soils of the Northeast are underlain with laterite and/or layers of clay at 
approximately I m. Perched watertables routinely appear because of this. If the rainfall is 
frequent enough, all paddies, lower, middle and upper, remain flooded and the area 
produces a large rice crop. Fukui (1982) has generalized that 2000 mm of rainfall are 
needed for stable rice production in tropical Asia. Nakon Phanom is the only province in 
the Northeast that receives this much rain. The other provinces range from less than 1000 
to 1500 mm. Therefore, it is easily understood why all bu. the lower rainfed paddies
frequently dry. 

When the soil is no longer submerged or saturated, the reduced soil begins to oxidize, soil 
acidity increases, and the availability of plant nutrients, particularly phosphorus, decreases. 
Whether or not these changes decrease crop yield depends upon how the soil dries and the 
stage of plant growth when it does. It is reasonable, therefore, to expect liming to be of 
greater benelit in the drier years. The question naturally follows: Can lime reduce drought
damage to rice and other crops? This question seems worthy of future experimentation. 

Northeast farmers traditionally 	use animal manure on all high-value crops such as 
vegetables and tobacco grown during the dry season and on rice seedbeds planted early in 
the wet season. The benefits include increases in plant nutrients supplied, as well as a 
liming effect. Animal manure in Thailand is almost always allowed to air dry before it is 
moved to the field, causing much of the nitrogen to be lost as ammonia. This decreases its 
value as a nitrogen fertilizer, but increases its liming value. A few measurements of dry
cattle manure in the Northeast show the pH to be greater than 8. Although the evidence is 
circumstantial, the patterns followed by farmers suggest that one benefit derived from 
applying animal manure is the 	control of soil acidity. Perhaps experiments should be 
designed to determine if lime increases the value of animal manures for crop production. 

Wahab and Lugo-Lopez (1980) found coffee leaves to be very effective in raising soil pH
and reducing exchangeable aluminum. Pangola grass was less effective. The liming effect 
is expected because the organic matter complexes the aluminum and the base-forming 
cations increase the soil pH. 

Conclusions 	 Not enough liming studies have been done in the Northeast to know if liming is generally
profitable or not. It is the author's impression that a majority of the trials reported show 
no benefit. The remainder range from small to large yield responses (Suwanarit, 1985). It 
is not known, however, what percent of the trials were on sites where lime responses can 
reasonably be expected. Too often the trials have been done without any knowledge of soil 
pH or the amount of exchangeable aluminum present. This has been particularly true of 
farm trials. Such trials should be stopped unless soil tests are done before the trial. 
Without soil tests farmers and agricultural advisers conclude that crops generally do not 
respond to lime in the Northeast. Another complication to trials conductted is that 
overliming may have occurred because the ammonium acetate lime requirement test, 
buffered at pH 7, greatly overestimates the lime needed on tropical soils (Kamprath,
1980). The neutral salt leaching procedure is more appropriate because it measures only 
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the acidity that will be encountered by the crop. The pH 7 buffer method measures thelarge quantity of pH-dependent acidity between pH 5.5 and 7.0 which does not affectcrops growing in tropical soils. Unless the soil is water-saturatcd or submerged, soil pHsare seldom above 5.5. The following are criteria for where it is reasonable to expect alime response and where it would be worth the agriculturalist's time to conduct a trial or 
demonstration: 
1) For Northeast rainfed rice, when the dry season soil 	pH is 4.5 or less. The odds of alime response under these conditions are increased the more often the paddy dries 

between rains. 
2) For upland crops grown in the paddy, before or after rice, when the dry season pH is

5.0 or less. 
3) 	 For upland crops grown on upland sites in the rainy season, when the dry season pH

is 5.0 or less. 
4) 	 For high-value crops, such as peanuts and watermelons, when the dry season pH is 

5.5 	or let's. 

Thailand has an abundance of limestone that could be supplied to farmers at a low cost.What now appears to be needed are more trials and demonstrations with low rates (0 and100 kg/rai) of lime applied to fields that meet the criteria listed above. An efficient way todo this would be to split the plots of trials that are being conducted as fertilizer orcropping system trials. Such a program should quickly and inexpensively determine ifliming would be profitable in the Northeast and establish if a market could be developedthat would be large enough to justify establishing limestone crushers and a distribution 
system. 
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Introduction 

Salt Source and 
Distribution 

Management of Soil Salinity in Northeast Thailand 

S. Arunin 
Department of Land Development, Bangkok, 7hailand 

ABSTRACT. Salinity in the soils of Northeast Thailandis derived from rocks of theMesozoic Korat Group in the upper Korat strata. Secondary salinization is caused by bothnature and man-nadeproctsses such as land clearing, reservoirconstruction and the saltmaking process. It is estimated that 17 percent of the land area of the Northeast region issalt-affected. Formanagement purposes, the land has been classified as heavily,moderately, or slightly salt-affected, and potentialsalt source areas are designated.Salinity maps have been produced and are used for carrying out the management progranby way of three principalapproaches, i.e., prevention, reclamationamid agronomicmeasures. All of these can involve soil, water and crop management strategies. Preventive measures are practiced in the potentialsalt source areas, while reclamation, utilizingleaching and drainagetechniques, is conducted on the heavily and noderately salt-affectedareas. Short-term salinity control can be achieved on the slightly salt-affected areas with 
low-cost technology. 

The Northeast of Thailand lies between 101 0 and 1050 East longitude and 14' and 18'
North latitude. It comprises an area of 155,000 km 2 . The region consists of one-third ofthe Kingdom and has a population of about 16.8 million people, or about one-third of thetotal population of Thailand. However, it produces less than one-fifth of the gross nationalproduct. Probable reasons for such a low per capita income are the generally poor
agricultural soils, the marked seasunality and variability of rainfall, and the extensiveseasonal flooding in parts of the region. Eighty percent of the population is engaged inagriculture which ;s based primarily on rainfed paddy rice, cassava, kenaf and livestock.Rice is the major crop and is the most important constituent of the local diet,one as well asof the most important export commodities. Most of the productive land in the regionis already in use and production can only be increased by raising crop yields on existingfarms. In view of the rate of the population increase (approximately two percent per
annum) and the likelihood of more area becoming unproductive because of salinity, 
 thisproblem should be thoroughly investigated and managed at an early stage. 

The Northeast region of Thailand consists of a plateau with gently undulating topographyin its interior. The average elevation of the region is 150 m. The plateau contains two

basins: a relatively flat saucer-shaped 
one which tilts to the southeast called the KoratBasin, and a narrow, smaller one to the north called the Sakon Nakhon Basin. These 
basins are separated by the Phu Phan mountain range. 

Coastal saline soils derive their sa't mainly from seawater, while the salinity of thenortheastern saline soils originates mainly from rocks of the Mesozoic Korat Group. 

Salt-affected soils occur extensively in the Northeast region particularly in the Korat andSakon Nakhon Basins where there is a high level of poverty. According to LANDSAT
imagery of soil salinity, the area of salt-affected 
 soil in the Northt ist is approximately2,850,000 ha or 17 percent of the :otal area (Sainanuwong et al., 1980). Of the saltaffected area, 1.26 percent is strongly salt-affected, 3.87 percent is moderately saltaffected, and 12.9 percent is slightly salt-affected; the potential salt-affected areas comprise15.54 percent ol- the area (Department of Land Development, 1980). Soils range fromslightly (4 to 8 mmhos/cm) to moderately (8 to 16 mnhos/cm) to heavily salt-affected(16 mmhos/cm). A soil salinity distribution map of Northeast Thailand on a scale of1:500,000 has been prepared through the interpretation of satellite imagery and compatiblecomputer tapes (Figure 1). Soil salinity distribution maps on the scale of 1:250,000 are 
also available by province. 
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Figure 1. Soil Salinity Distribution in the Northeast (Arunin, 
1984). 

Field evidence shows that reservoirs constructed at or near potential salt source areas, and 
at sites wth shallow saline groundwater, can cause increased salinization below the 
reservoirs. Moreover, the water in the reservoirs becomes saline within a few years after 
construction. 

Another case of' man-made salinization is at Borabue where the salt-making process 
involves the pumping of saline groundwater (50 to 60 mmhos/cm) from depths of 20 m or 
more, flooding the soil surface and allowing the saline water to evaporate, leaving the salt 
behind. This industry causes adjacent and downstream lands to become saline. 

Secondary salinization in irrigated areas was reported at a number of' irrigation projects, 
including No'., Wai near Khon Kaen, Kumphawapi south of Udon, the Lampao irrigation 
scheme al .:C.asin and Un in Sakon Nakhon. Seventy one observation wells were installed 
in the Nong Wai area to study fluctuations of the groundwater table and water quality. The 
monthly fluctuation of groundwater quality and watertable levels were recorded. While 
much of the area is subject to flooding during the wet season when rice is grown, the 
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groundwater table drops during the dry season, but usually by only I m or less. Elevenobservation wells showed that the average electrical conductivity of groundwater exceeds10 mmhos/cm (Department of Land Development, 1980). 

Mest Gf the salinization of soils occurs in the Korat and Sakon Nakhon Basins whichunderlain by an evaporite salt-bearing formation with beds and lenses of halite up to 
are 

250 m thick. These beds generally occur at depths of more than 30 mWells drilled deeper than 20 m are 
below the surface.

likely to encounter highly saline water. 

Upland areas containing saline Mesozoic rock are designated as "salt releasing" whilelowknds, either eluvial or alluvial plains, are denoted "salt receiving." Uplands andlowlands are thus separated into entirely different categories (EI-Swaify et al., 1983). 
Although deep weathering has removed much of the salt from rocks in the upper pail ofthe salt formation, it is likely that sufficient salt remains in this formation to cause soilslinization by seasonel movement or lateral seepage 'rom shallow groundwater. Saltremains in the subsoil during the wet season and appears on the ground surface onlyduring the dry season. Surface salinity is thus season'il, controlled by the monsoon cycles.Soil salinity, however, is most deleterious during the dry season (Sainanuwong and

Takaya, 1974).
 

Natural salinization has been minimal where a thriving forest vegetation has coveredlandscape. Untbrtuntely, extensive deforestation has increased 
the 

this salt-laden strata. the rate of salt release fromChanges in hydrologic conditions following land clearing can resultn rising watertables that are capable of dissolving residual sa*tseepage to and carrying them throughlower slopes and boitomlands. Thus, forest clearing arid subsequent use of landfor paddy rice cultivation, and utl)and cultivation of cassava ani kenaf, have contributed torising upland groundwater levels and, in turn, increased soil salinity. It is also likely thatlateral movement from adjacent clayey soil takes place at some locations. The deepersaline groundwaters are well beyond the range of capillary movement, but, as they arecommonly artesian, it is possible that saline groundwater moves by upward pressurethrough .joints and fissures of sedimentary rocks. In localized areas, shallow salinegroundwatcr may be formed as the groundwaters flow through salt domes. Water canfrom depths of 10 to 15 m due to risethe prevailing pressure head differences and diffusiongradients. This can occur where there is sigiiificant permeability, topographic slope and
upward head (Tuckson et al., 1982).
 

The criteria used for management of soil salinity follow the basic principles of ruraldevelopment, taking into consideration the high level of poverty in the region and theextent of salt. The manag;ement goals are to reclaim the salt-affected land so thatproductivity can be restored or increased, to prevent furtlker spread of salinity, and toexp!oit the land effectively and efficiently so as to increase crop yields and netthe farmers. income ofThus, the Land Development Department of the Ministry of Agriculture hasdesigned a project for soil salinity research and reclamation in the Northeast. This projectseeks to develop a complete management program for the Northeast which will follow athree-pronged approach of prevention, reclamation and agronomic management. 

Agronomic management is considered to be low-cost technology which is transferred tofarmers through training and extension programs. In slightlyareas, which are used mainly for rice, 
or moderately salt-affected 

an agronomic management package of improvedcultivation practices and water conservation are recommended. This will help to maintain
rice yields and prevent further soil degradation. 
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Leaching 

Leveling and Surface 
Mulching 

Organic Amendments 

During the long dry season, salt accumulates at the soil surface. The salt can be removed 
through flushing and leaching, by controlling surface water and mitigating flooding. 
Planting should be delayed until early rains have reduced the salt content of the soil. The 
saline water flushed or drained from the field will be diluted by rainwater to natural 
streams. Water in the streams is sometimes used for supplementary irrigation of rice by 
downstream farmers. This practice may enhance leaching of soluble salts, but will raise 
groundwater levels, especially in areas where shallow groundwater occurs, or where 
internal drainage is inadequate. 

In actual land preparation, leveling of the microrelief in the rice field is often done to 
eliminate differences in rainfall infiltration, to remove salt from the soil surface and to 
ensure the uniform growth and yield of crops. Although previous experim Its in Ban Don 
Pimai, Roi Et Province showed no significant difference between leveled and nonleveled 
areas, the leveled land gave higher yields (2.9 t/ha) compared with nonleveled land 
(2.5 t/ha) (Department of Land Development, 1983). 

Surface mulcing is also recommended to achieve lower soil surface temperatures and to 
decrease the evaporative loss of water, thereby preventing capillary rise of salt. 
Minimizing the accumulation of salt at the soil surface during the dry season also enhances 
the removal of salt during the wet season by leaching. Mulch materials that are most 
available are rice hulls and rice straw, although any other available plant residue can also 
be used. Surface mulch applied after harvesting and left on the soil during the dry season 
cin be plowed in before the following growing season to provide a source of organic 
matter for the soil. The highest rice yield of 3.15 t/ha was achieved with rice hull mulch 
applied at a rate of 37.5 t/ha. Yields obtained with mulches of 25 t/ha of rice hulls, 
12.5 t/ha of rice stiaw and 12.5 t/ha of rice hulls were 3.02, 2.87, and 2.77 t/ha, 
respectively. While there appeared to b-- an effect of mulching rate on yield, there was no 
significant difference in yields from these four treatments. The control plot which received 
no mulch gave the lowest yield of 2.28 t/ha but was not statistically different from the 
plots where straw was applied at 6.25 and 9.375 t/ha. It appears that higher rates of mulch 
tend to give higher rice yields irrespective of lie type of organic amendment used. Higher 
rates of rice straw mulch, and low to high rates of rice hull mulch, gave higher yields 
which were significantly greater than the control. However, in actual practice rice hulls 
are an unavailable resource because of the high price they command for other uses 
(Department of Land Development, 1983). 

Organic amendments can be applied to soils to compensate for fertility losses. 
Amendments such as compost, animal manure and green manure will also improve soil 
physical properties. Conventional rates of fertilizer are recommended to ensure optilnum 
rice yields. 

Results from experiments using animal manure, green manure and compost as organic 
amendments are of interest. Animal manure applied at a rate of 12.5 t/ha gave the highest 
yield, 1.7 t/ha. However, when manure was applied at rates of 25 and 37.5 t/ha, yields 
were somewhat lower, i.e., 1.5 and 1.4 t/ha, respectively. All yields from manure were 
significantly higher than those of the control, 0.9 t/h, whee no organic amendments were 
applied. The highest rice yield from compost, 1.2 t/ha. was obtained from applying 
25 1/ha of compost. Rice yield was somewhat higher, i.e., 1.6 t/ha, when 37.5 t/ha of 
green manure was applied. 

Results, however, tend to be rather variable because of spatial variability in salt 
concentration in the experimental plots (Department of Land Development, 1983) 

303 



Depth of Plowing 

Salt Tolerant Rice 
Varieties 

Deeper plowing depths would help to increase infiltration rates and lower the concentration
of soluble salts. It would also aid in the leaching of salts from the soil-root zone by
precipitation prior to the planting season. 

Experiments were conducted using different plowing techniques and at different depthsusing the buffalo plow, disk plow, and ripper plow. Plowing depths of 5, 15 and 30 cmwere evaluated. First year results showed that rice yields differed significantly withplowing depth. Rice hulls were also applied at different rates to accelerate the leaching 
process. 

Ripper plowing gave a yield of 3 t/ha of rice, a significantly higher yield than the othertreatments, but impractical for farmers to use. Plowing depths of 5 and 15 cm gave yieldswhich were not significantly different. Disk plowing to a 15 cm depth tended to produce
higher yields. 

Rice hulls applied at rates of 6.25, 18.75 and 31.25 t/ha gave yields of 2.4, 3.4 and3.1 t/ha, respectively, and were significantly different from that of the control orunamended treatment, i.e., 1.6 t/ha. Rice hulls applied at the rate of 18.75 t/ha gave ayield that was significantly different from the control, but was not significantly different 
from rice hulls applied at 31.25 t/ha. 

The interaction between deep plowing and rice hulls applied to soil provides beneficialresults including increased rice yields. Rice hulls applied to the soil decompose slowlyand, when incorporated into soil by plowing, greatly reduce surface crusting, increasewater infiltration and increase soil porosity. This enhances the removal of soluble salts byleaching and provides greater root pe ,_ration and development. Analysis of variance
indicated that there was no interaction between quantity of rice hulls and plowing depth

relative to yield.
 

Different crops have varying degrees of salt tolerance. There are also differences in salttolerance among varieties of the same crop. Since rice is no exception, screening ricevarieties for salt tolerance is essential especially for their adaptation to the salinity problemin Northeast Thailand. The salt tolerance screening programs for rice conducted from 1976to 1980 indicated that the following varieties are well suited for the Northeast: Kao Ruang,Jak Kradod, Kam Pae 41, Khao Dogniali Klang, RD I and Neo San Pa Tong. 

Older Seedlings 

Seedlings tend to become more salt tolerant as they get older. Thus, transplanting of rice

seedlings at about 35 to 40 days after germination is also recommended as a means of
overcoming the salt sensitivity of some varieties (Department of Land Development,

1980).
 

Higher Seed Rates 

Using relatively higher seeding rates to compensate for reduced germination due tosalinity, transplanting rice at closer spacings, and increasing the number of seedlings perhill will help to increase yields by increasing the number of plants per unit area.higher plant population should help to increase 
The 

rice yields per unit area. 

Increasing the number of seedlings per hill significantly increases grain yield of rice byincreasing survival rate. Transplanting five and eight seedlings per hill gave the highestyields, 1.78 and 1.96 t/ha, respectively, significantly higher than using two and fourseedlings per hill. The yields from using either two or four seedlings per hill were not
significantly different (Department of Land Development, 1980). 
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Current Research 	 In severely salt-affected areas, crops cannot be grown unless reclamation measures are 
taken which include controlling the groundwater levels and promoting the downward 
leaching and removal of salt. Furthermore, in preventing the movement of salt from the 
potential salt source areas, a knowledge of the recharge and discharge of groundwatei 
flow, together with research on revegetation, is essential. 

Such information is required to select proper methods of reclamation. For example, one 
needs to know whether or not to change cropping practices in groundwater intake areas, or 
to use subsurface drainage or a combination of these. Moreover, it has been reported that 
substantial salt discharge occurs when a drain is placed 3 m deep in sand in the bottom of 
a seepage area. Drains must be at a sufficient depth to reduce seepage, particularly when 
salt seepage from the upland is the predominant cause of soil salinization. Deep drainage 
to enhance flow through impervious subsoil is often of economic benefit. 

Landscape Salinity 

A study covering an area of 485 km 2 is being conducted in Amphur Non Thai and Kam 
Thale So in Nakon Ratchasima Province. One hundred and fifty piezomete-:. were installed 
at depths from 5 to 18 m at sites with different landforms, soil types, salinity levels and 
land use patterns. To obtain samples from an extensive physical environment, 
99 piezometers were installed at a site having both upland and lowland areas. Depth of 
piezometer nests at some sites will vary from 5 to 20 in to locate the aquifer. The 
stratigraphy of the underlying rock can be studied while making borings for the 
piezometers. The objective of this study is to assess the effect of groundwater on the 
genesis and distribution of saline soils in Northeast Thailand. 

Water Resource Development Location Research 

This research is aimed at selecting sites for reservoir construction and is based more on 
the potential salt source areas such as areas of shallow saline groundwater on elevated 
areas composed of saline Mesozoic rock. The effect of site and capacity on the spread of 
salinity is being studied. Water is the most important resource that is lacking in the 
Northeast and, therefore, reservoirs are needed, but salinization needs to be avoided. 
Thus, this study is essential to eliminating secondary salinization from reservoir 
constructio. 

The study involves the selection of sites through the interpretation of satellite images, 
topographic maps, aerial photographs and soil salinity distribution map; in coordination 
with data available from the Royal Irrigation Department, Office of Accelerated Rural 
Development and Department of Land Development. Important parameters include the 
surface area of the water body, capacity, topographic location and date of reservoir 
construction. 

Sites for the study have been selected in Nakon Ratchasima, Khon Kaen, Kalasin, Maha 
Sarakham and Ttug Kula Ronghai. The effect of the environment on the reservoir and the 
contribution of both to secondary salinization will be studied. The size and capacity of 
reservoirs in relation to the topographic location, soil type, underlying geology, and 
vegetation will be assessed. Water samples from the reservoir, from nearby village wells 
and also groundwater will be taken for chemical analysis and electrical conductivity 
measurements. Soil samples will be collected from around the reservoirs ard analyzed for 
chemical changes. The data will be coded and computerized, providing information for 
planners on selection of' sites for reservoir construction in order to minimize risk and the 
probability of soil and water salinization. 
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Revegetation 

The 	use of well-adapted, deep-rooted, salt tolerant perennial plants can also help to
minimize secondary salinization. Plants can markedly increase water use in upland areasthrough trnspiration, thus reducing groundwater seepage to low lying areas. Small blocks
of trees and shrubs can be planted immediately upslope from identified areas of seepage tointercept and use the water. This, in turn, should also reduce the salinity of the streamflow
into surface water bodies. In areas with a shallow groundwater table, the growth of
perennial plants also will be beneficial for lowering the groundwater level (EI-Swaify et 
al., 1983). 

The 	 following plant spcies have been selected, the bas'is that they areon fast growing andsalt tolerant and, thus, will adapt to establishment on salt-affected soils. They have been
divided into the following three categories (Limpinuntana and Arunin, 1984): 
1) Native species. Dipterocatpus alatus, Dipterocarpus intricatus, Dipterocarpuis

tuberculatus, Dipterocarpus obtusifolius, Anisoptera glabra, Melia aLredarach Linn,
Cassia Yiamea Britt, AJzeiia spp., Peltophoruin dasyrachis, Fterocarpus macrocarpus
Kurz., Azadirachita indica, A. Juss. 

2) 	 Food species. Leucaena leucocephala De Wit., Sesbania grandij7ora, Cassia siarnea
Britt, TanarindIusLinn., Pithecollobitim dtlce (Roxb) Benth., Moringa oleifera
Laink., Azadirachta indica A. Juss., Anacardiun occidentale Linn. 

3) Utility species. Leucaena leucocephala (Lain) Dc Wit., Azadirachta indica A. Juss.,
Gliricidia sepiumn, Tainarindts indica, Pithecollobiumn dulce, Moringa oleijera,
EucalyptuS canialdulhnsis, Melia Lvedarach, Melia (lbia, Melia toosendan, Acacia
cateciu, Casuarinaequsetibolia, Cassia siantea, Casuarina junghuhniana, Acaciaattriculiforinis,Acacia man'ium, Cassia fistula. The utility species serve many 
purposes such as medicinal herbs and fuelwood. 

In ,adition to the studies already mentioned, research into salt tolerant rice varieties and
other crops is needed. The development of improved cultural practices and field trials to
determine the most effective method, time and rate of applying organic amendments to thesoil 	are also going forward. Such infornmtion is vital to further minimize the adverse 
effects of soil salinity to the growth anti yield of crops. 

Future Prospects and More on soil,research water and crop management needs to be done relative to theResearch Needs controi and prevention of salinity in agricultural soils of the Northeast Region, and 	to the 
development of practical corrective measures as well. In many cases, a systems approach
to resolving these problems seems most appropriate. Important research needs are: 

Soil Management 

movement 
season. 

1) 	 To monitor salt and water in the soil profile throughout the cropping
To improve fertility management for maximum yields and develop soil 

management techniques that would J-fectively utilize organic amendments to reduce 
soil salinity. 

2) 	 To investigate the effects of soil properties and their interactions on soil salinity and 
the root-soil interface. 

3) 	 To study the cause-and-cffect relationships of iron and manganese concretions in salt
affected soil profiles. 

4) 	 To study the nutr:ent balance-imbalance in soil affected by salinity. 
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Water Management 

I) 	 To develop a hydrosalinity mode to improve methods for surveying 'alinity and 
measurement of water use by forest plants. 

2) 	 To determine the feasibility of using saline water for irrigation of crops and for fish 
culture. 

3) 	 To reclaim and restore the productivity of salt-affected land through major drainage 
works. 

Crop Management 

1) 	 To select and screen varieties of rice and other crops ,;uch as legumes, forage plants
and tree species for salt tolerance. 

2) 	 To develop soil and crop management practices that would effectively control the 
watertable and, thus, minimize salt movement to the soil surface by preventing 
groundwater rise. 

Systems Approach 

1) 	 To conduct socioeconomic surveys on the scope and impact of the salinity problem. 

2) 	 To develop strategies for increasing the bioloical productivity of salt-affected areas 
through overall yield improvement. 

The data obtained from ongoing and future reclamation research should advance the 
development of effective practices for managing soil salinity in Northeast Thailand. 
Comprehensive land uses in developed areas in the Northeast must be considered with a 
view toward long-term planning objectives. For example, while salt-making appears to be 
of immediate economic benelit to the entrepreneur, it is in direct conflict with sustained 
agricultural productivity. Policymakers and planners must formulate realistic plans that take 
into 	account all the pertinent socioeconomic parameters, including community educational 
campaigns. Land tenure provisions may be necessary to protect the large investments 
necessary to develop the Northeast into a viable and sustainable agricultural region. 
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Introduction 

Description of 
Experimental Site 

Soil and Water Management Problems Associated with 
Deforestation in Northeast Thailand 

C. Pairintra 
Khon Kaen University, Khon Kaen, 77aiand 

ABSTRACT. A longitudinalstudy on the ecological aspects of uplandfarming was 
conducted at three different locations in Northeast Thailand. In this report, cultivation 
practices in relation to soil-water mnanagenentproblems that are associated with 
deforestation are discussed. Results indicated that clearing and burning the forest induced 
a high rate of organic matter decomposition. Soil fertility was improved bk the addition of 
ash wid amrnnonification accelerated by burning the forest trees. 7Te extent and duration 
depended mainly on the type offorest, soil and climate. Physical properties of soils 
deteriorated as a result of soil compaction and low water holding capacity. Shifting 
cultivation with no tillage and dibbling prcctice caused relatively little disturbance to die 
soil. The nerit or precise advantage ofpracticing shifting cultivation is the maintenance of 
better soil physical properties and prevention of soil loss. However, runoff and initial soil 
loss due to premonsoon rains was considerable and appeared inevitable and intrinsic to 
shifting cultivation in the nmonsoon tropics. 

Deforestation of both evergreen and deciduous forests in Northeast Thailand has increased 
at an alarming rate. An estimation from LANDSAT imageries indicated that during a five
year period (1972-76), a total forest area of 169,000 km was reduced to 41,500 km 2 , or 
4.9 percent per year. The cause of this rapid decrease was attributed to an expansion of 
the cultivated area, exploitation of timber, the need for fuel, or some combination of these 
factors. On a global basis, Edouard Saouma, the Director-General of FAO, recently 
confirmed that one of the primary reasons for this is the conversion of forest to 
agricultural land in order to meet the world's growing food needs. This system of farming
has become the subject of serious concern with respect to soil-water management problems 
that are associated with deforestation (Pairintra, 1981). 

Shifting cultivation or swidden agriculture is a traditional agricultural practice that has 
been followed for centuries. It is a rational system of cultivation, in a very extensive way. 
The system usually involves clearing, burning, growing and fallowing. Problems 
encountered are poor soil fertility, poor soil tilth and susceptibility to soil erosion. 

With this in mind, an ecological study on shifting cultivation was conducted under 
different forest, soil and climatic conditions in Northeast Thailand. The research was 
carried out as an international coeperative project between Thai and Japanese scientists at 
Nam Phromn, Chaiyaphum Proviuce (Kyuma et al., 1983). In addition, a group of Thai 
scientists with an interdisciplinary approach performed a similar study at Kalasin and 
Sakon Nakhon Provinces (Pairintra et al., 1982). 

The Nam Fhrom experiment is situated upstream on the Nam Phrom River at an elevation 
of 800 m above sea level. The topography is rolling to hilly. The forest vegetation is an 
ecotone between dry evergreen and mixed deciduous forest. The climate is subhumid 
tropical. Mesozoic sandstones and shales are the base rocks. The soil is in the Haplustalfs 
great soil group. 

At Kalasin. the experimental site was established on Paflag Mountain. The elevation is 
approximately 350 m and the topography is rolling to hilly. The forest association is 
classified as dry, mixed deciduous. The climate is that of a tropical savanna. The parent
material is mainly residuum and colluvium of sandstone. According to the new U.S. 
System of Soil Taxonomy, this soil is among the Haplustults. 
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Layout of Experiment 

The experimental site at Sakon Nakhon is located in the Phu Phan Mountain Range at anelevation of approximately 200 m. The topography of the area is rolling. The vegetation ofthe site is highly diversified. The forest type is dry, mixed deciduous with two distinctstructures. Climatically, it is tropical savanna with distinct vet and dry seasons. Colluviaof sandstone with very stony and rocky components are widespread. The soil at the
subgroup level is Lithic Dystropepts.
 

In order to facilitate a discussion of the soil-water management system, this report willconcentrate on a comparison among different cultural practices. A map of experimental
plots appears in Figure I. 
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Figure 1. A Contour Map of the Nam Phrom Site Showing
Allotment of the Experimental Plots (Kyuma and 
Pairintra, 1983). 
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Results and Discussions Soil fertility 

Changes in the soil fertility status at Nam Phrom as a result of forest clearing and crop 
cultivation with time are presented in Table I and Figure 2, respectively. In order to 
clarify the soil fertility transition after forest clearing by burning and during crop 
cultivation, the soil was sampled at different times from P-1, P-2 and P-3. Altogether eight 
sampling times were set as follows: 

I Immediately after felling (December 22, 1979) 

II Immediately after burning (January 22, 1980) 

III Immediately after sowing the first crop of maize (April 21, 1980) 

IV Inmediately after harvesting maize (August 21, 1980) 

Table 1. Changes in Soil Chemical Properties Due to Felling and 
Burning Forest Trees (Kyuma and Pairintra, 1983). 

Item of Surface Soil Subsurface Soil 
Analysis 

Before After Compar- Before After Compar-
Felling Burning ison Felling Burning ison 

pH 6.2 7.2 ** 5.4 6.1 ** 

Total carbon (%) 4.6 5.9 * 1.3 2.5 ** 

Total nitrogen (%) 0.32 0.40 ** 0.11 0.20 ** 

C/N 14.3 14.8 11.8 12.2 

NH 4-N (mg 100 g- 1 ) 2.0 6.2 ** 1.2 3.8 

N0 3-N (mg 100 g-1 ) 0.5 0.8 0.3 0.7 

Available P (ppm) 7.2 109 ** 1.4 7.7 * 

CEC (meq 100 g-l) 20.9 23.7 * 13.5 16.1 ** 

Extractable 

Ca (meq 100 g-1 ) 17.0 36.3 ** 6.3 10.6 **
 

Mg (meq 100 g- 1 ) 5.6 7.5 2.4 3.6
 

K (meq 100 g-1 ) 0.4 1.9 * 0.2 0.4 **
 

Na (meq 100 g-) 0.3 0.4 ** 0.2 0.2
 

* Significantly different at the 5% probability level. 

•*Significantly different at or below the 1% probability level. 
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Figure 2. Changes in Soil Fertility Characteristics in the Course
of Forest Clearing and Crop Cultivation in P-2 at Nam

Phrorn (Kyurna, 1983).
 

V One year after felling (December 22, 1980)
 
VI Imme~diately :kftcr sowing the second 
 crop of maize (March 25, 1981)
 

Vil Immediately after harvesting mnaize 
 (July 25, 1981
 
VIII About two years after felling (November 12, 1981)
 

Except for a few items such as 
 the C/N ratio and extractable ME., all the soil chemicalproperties were significantly altered and most often were substantially increased. It is
somewhat difficult to explain the significant increase 
 in total C (TC) and total N (TN).Probably, it was due to the addition of litter that was left unburned. Furthermore, partiallycarbonized litter wais also added to thle soil. This may account for the increase in organicmatter. The increase in NI-14 -N was due to the soil-burning effect, a kind of partialsterilization. This, together with a marked increase in available P, should contributepositively to the cropping phase of shifting cultivatioit. In addition, an increase in CECmight be attributed to thle increase in free Ca compounds in the ash that were extractablewith the IN NaCi solution used to displace adsorbed Ca.
 

Thle changes in pH- and other chemical properties, except for N0 3 -N, were due to the
rele; se of nutrients by burning. There was a sharp increase fioin period I to period 11 andthen a decrease (luring poried Ill. Between these two periods there were severalrainshowers which undoubtedly washed down the sand and loose surface soil, thus causinga marked decrease in the soil nutrient content. The changes after period III were much less 
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dramatic and reflected soil management practices. Nitrate nitrogen (NO3-N)exhibited a 
different pattern. By the time of sowing (periods III and IV), NO3 -N had increased 
substantially, and then decreased during the cropping period. 

Soil Respiration and Organic Matter Decomposition 

In order to obtain an estimation of the rate of organic matter decomposition, the total 
respiration for a 12-month period was calculated. The estimates for the four plots for the 
period of one year were as follows: 

From Feb. 1980 From Nov. 1980 

-1
tC ha tC ha 1
 

Forest with litter 13.0 11.8 

Forest without litter 11.7 11.3 

P 1 (Shifting cultivation) 17.1 12.8 

P-2 (Upland cultivation) 16.5 11.7 

The results clearly indicate that a substantial amount of soil organic matter decomposed in 
the first year. Using soil respiration data from a forest ecosystem, Tulapitak et al. (1984) 
reported that the rate of organic matter decomposition was doubled in the first year. 1ie 
found that 30 percent of the total organic matter content of the forest soil was decomposed 
in the first two Years )f cropping. 

Physical Properties of Soil 

Bulk density, nicisture content and three-phase distribution of the soil samples taken from 
three locations are presented in Table 2. Also, changes in soil physical properties, density 
and porosity, in the course of crop cultivation, are illustrated in Figure 3. 

Bulk density, moisture content and three-phase distribution of the surface soil samples 
from shifting, upland and bare soil treatments were slightly higher than the forest plot. 
This indicated that after clearing and burning, the soil tends to become increasingly 
compacted by cultivation practices. Again, Figure 3 shows the decrease in porosity and 
increase in bulk density that occurs, and suggests a serious deterioration of soil physical 
properties (Kyunna, 1983). In addition, about 50 percent of the soil particles ire composed 
of water-stable aggrega*,:s larger than 0.02 mam. Therefore, both dispersion and erosion 
ratios indicated relatively low values ranging from 10 to 20 percent, which would imply 
relative stability of the soil against erosion. 

Additional evidence of deterioration of soil tilth is based on measurements of soil moisture 
retention characteristics as shown in Figure 4. A comparison of these data suggests that 
tillage operations caused deterioration of both capillary and noncapillary pores. 

Runoff and Soil Loss 

Soil erosion results from initial dispersion of soil aggregates due to the impact of raindrops 
and then by transport of sediment in the runoff water. Therefore, runoff must be one of 
the most important factors in soil erosion. Figure 5 shows typical hydrographs of runoff 
from each plot. 
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Table 2. Bulk Density, Moisture Content and Three-PhaseDistribution of the Surface (0-5 cm depth) Soil Samples. 

Location Treatment Bulk Density 	 Moisture Vst Vw Va 
Content 

-3g cn 	 ................ 
 % ................
 

Nam Phrom Shifting 1.137 9.0 49.9 10.3 39.8 
Upland 1.247 8.8 49.5 11.0 39.5 
Bare 1.060 12.7 44.2 13.5 44.3 
Forest 1.002 10.2 40.0 10.2 49.8 

Kalasin Shifting 1.350 15.2 51.0 20.5 28.3 
Upland 1.320 17.5 49.8 23.1 27.0 
Bare 1.290 19.2 30.246.2 23.5 
Forest 1.300 16.2 48.9 21.1 19.9 

Sakon Shifting 1.364 22.9 51.5 31.2 17.3 
Nakhon Upland 1.287 22.1 	 48.5 28.5 22.9 

Bare 1.415 21.7 53.4 30.7 15.9 
Forest 1.001 14.0 39.5 14.0 46.5 

t Subscripts s, w and a denote solid, water and air, respectively. 
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Figure 3. Changes in Soil Physical Properties in the Course of
Crop Cultivation at Nam Phrom (Kyuma, 1983). 
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Figure 5. Typical Examples of Hydrographs of Runoff from Each 
Plot at Nam Phrom (Kyuma and Pairintra, 1983). 
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The hydrographs were recorded with rainfall of 33 mm, 10 days after seeding of maize.The curves from plots A, B and C showed a high peak discharge and marked fluctuationcorresponding to rainfall, although there were no great differences. On the other hand, the curve for plot D under natural forost changed slowly with a low peak discharge. 

Generally speaking, the amoui, cf soil loss is determined by the conditions of rainfall,i.e., intensity anJ distribution, and also by soil properties such as erodibility or stability ofsoil aggregates. By using the Wischmeier and Smith equation (1958) with somemodifications in I per 60 min, relationships between soil loss and accumulated El values 
were determined as shown in Figure 6. 

It is apparent that soil loss from bare soil plot C increased almost linearly in proportion tothe accumulated El values. On the contrary, soil losses from plots A and B were muchless as the crop became established and leveled off after harvesting. In shifting cultivationpractice, trees are felled in the early part of the dry season and left on the ground to dryuntil they are burned near to the end of the dry season. Crops can be grown only with 
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Figure 6. Accumulated El Values and Amounts of Soil Loss From
the Four Plots at Nam Phrom in 1980 and 1981 (Kyuma
and Pairintra, 1983). 
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assured rains. Therefore, a few monsoon showers, often with intensities greater than 3 

mim/10 min, can cause a severe loss of ashes and loose surface soil. This initial damage, 

though serious, seems almost inevitable and intrinsic to shifting cultivation in the tropical 

monsoon climatic regions. The experiment at three locations supported this and data are 

shown in Table 3. 

Table 3 reports estimates of the total ,oil loss. In comparing the three locations, soil loss 

much less in the second year at Nam Phrom. This is because of the stability of thewas 
soil 	surface at that location. Deforestation of the primary evergreen forest (Nam Phrom) 

caused a greater amount of total soil loss than deforestation of secendary forests (Kalasin 

and Sakon Nakhon). Although 	total ainfall at Kalasin was much higher than at Sakon 

Nakhon, total soil loss was less on upland and bare soil at Kalasin because of the higher 
It should be noted that the relative advantage of thewater-stability of soil aggregates. 


shifting cultivation practice with no-tillage and minimum disturbance was obvious.
 

Conclusion 	 Results of research conducted at Nam Phrom, Kalasin and Sakon Nakhon can be 

summarized as follows

i) Soil fertility was improved by the addition of ash and ainmonification accelerated by 
Enhancement of the iate :f soil organic ritter decompositionburning the forest trees. 

was observed in the first year but then rapidly decreased one and one-half years after 

deforestation. Nutrients were initially increased, but the extent and duration of soil 

fertility improvement depends mainly on the type of forest, soil and climate. 
Generally, the de.cline of soil fertility w,:s quite rapid because much of the ash and 

surface soil were lost by pvenonsoon rains before establishment of crop cover. 

2) 	 Physical properties of soils were affects by clearing and burning. As a result of high 

soil temperature, bulk density was increased due to compaction of the soil surface. 

This clearly shows deterioration of soil tilth. Low values of dispersion and erosion 

ratios were associated with greater aggregate stability and less soil erosion. Soil 

moisture retention characteristics indicated that tillage operations decreased the 

capillary and noncapillary pore ,paces. 

3) The experiment at Nam Phrom proved that a few monsoon showers, often with 
loss of ,_shes and looseintensities higher than 3 mm/10 min, can cause a severe 

Table 3. Total Soil Loss at 	Three Locations. 

Location 	 Annual Total Soil Loss 
Rainfall 

Shifting Upland Bare Soil Forest 

m n .................. tha-'...................
 

Nam Phromi 1540 8.6 107 154 4.7 

1010 6.9 6.4 25.9 2.9 

Kalasin 	 1200 16.4 17.9 20.9 4.5 

Sakon Nakhon 940 15.5 23.6 24.8 2.4 

3 
= Ig
t Assume B.D. cm 
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surface soil. The total soil loss in weight was estimated at 76 t/ha for shiftingcultivation, 91 t/ha for upland cultivation, 144 t/ha for bare soil and only 6 t/ha for
the forest plot. 

The points that were clarified lt.ie could be regarded as the rationale that has madeshifting cultivation a long-Lsting and widely adopted practice throughout the world. Thereal challenge for future research is how this rationale can be transferred to theestablishment of sustained upland farming. 

Based on the findings obtained in this research, Kyuma (1984) made the following
recommendations: 
1) The cultivated use of steep slopes must be greatly restricted. In view of theextraordinary and intense nature of rainfall in the monsoon tropics, the maximumslope gradient on cultivated land should not exceed ten degrees or 17 percent.

2) As a measure to minimize soil erosion, zero- or minimum-tillage as practiced inshifting cultivation merits serious consideration ftr adoption.
3) Mulching should be combined with zero-tillage to suppress weed growth. It is alsoeffective in minimizing the destructive impact of rainfall on the soil surface,promoting biological activity and thus leading to better soil structure and a higher

water holding capacity. 
4) Cropping systems i.mnst be developed to maintain the diversity and complexity of thebiotic community as a safeguard against pes.s and diseases. In this regard, malchingmaterials and utilization of plants for biological nitrogen fixation should be

emphasized. 
5) Fast-growing leguminous trees, such as Gliricidia and Leucaena, could beintercropped or planted separately in abandoned barren lands, both for pruning shoots,for mulching and manuring, and for rehabilitation of degraded lands. 
6) To supplement those plant nutrients supplied by burning in shifting cultivation, aminimal use of chemical fertilizer, particularly phosphate, must be considered. 
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Soil Organic Matter Management for Improving Soil
Productivity 

S. Phetchawee 
Depariuent of Agriculture, Bangkok, Thailand 

ABSTRACT Cultivated soils of Ttailand are generally of low fertility. One of the majorreasons o/)rthis is the low content of org'anic matter, the result of improper managementoVer a long period oftime. Organic matter serves mainly as a source ofplant nutrientsand ai so as an inuispensable anendnent that promotes the formation of soil structurefiJorablefr panir growth. The application of organic anendments, i.e., compost, greenmanure and crop residues through soil incorporation and/or mulching has proven to be aniff'ctive nethodfor taintainingsoil prod1w',*ivity'. 1his paper reports the results of bothbasic and applied research studies on the utilization and management of organic materialsfor improved soil productivit'. '1t topics discussed include. (1)accumnulation j']soilorganic matter and humnus composition of majo; soi, (2) u;ilization of organic matterforincreasing soil productivity f)r field crops, (3) effect oforganic matter recycling; to heavyclay paddy soils on improving soil physicalproperties and crop production, (4) effect oforganic inater on soil water retention and plant growtth, and (5)
utilization of organic
mtilerials b 'Thai rii
rmer.s.
 

Introduction 
 Thailand is an agricultural Country which hasmore a total cultivated area ot 17.5 Mha, withthan 80 perccnt of the farmlands under rainfed conditions. Because of increasedpopulation pressure, crop production in Thailand increased tenfold during the past twodecades. Since the 1960s, increased crop production has comeforest lands about mainly by clearing offor cuhivatcd crops. Since the expansion of cultivated land reached its limit inthe late 1970s, the government has taken steps to minimize the development of forest landsfor cultivated crops. Improper management oF agricultural lands has resulted in a markeddecrease in soil fertility. Another common ciracteristic of soils reclaimed from forestlands is their very low organic matter content. It is known that organic matter provides asource of plant nutrients, regulates soil chemical and biological reactions, and improvessoil physical properties that are favorable to plant growth. Proper management of organicmaterial-, such as crop residues, compost and green manures canincrease reduce soil erosion,water rctention, and improve soil fertility and productivity. The purpose of thispaper is to discuss the significance of past research on organic matter managementimproving the productivity of agricultural soils. The research 
for 

was conducted jointly by theDepartment of Agriculture of Thailand and the Tropical Agriculture Research Center of
japan. 

Organic Matter Content of Suzuki et al. (1980) studied the accumulation of organic matter in,Major Soil Groups representative soils oftwelve great soil groups in Thailand. The results obtained are summarized as follows:I) the organic carbon content of upland soils is generally low, seldom exceeding threepercent on an oven-dry weight basis; and 2) when the organic matter content of surfacesoils and subsoils is considered, the great soil groups can be divided into three principal
groups as follows: 
Group 1. Both the surface soil and subsoil contain rather high le%, s of organicmatter. These include Grumusols, Rendzinas, Brown Forest Soils. Reddish-Brown Latosols and li-va soils. 
Group I1. Only the surface soil contains high amounts of organic matter. These includeFresh Water Alluvial soils, Red-Yellow Podzolic soils, and Reddish-Brown 

Lateritic soils.
 
Group Ill. 
 Both the surface soil and subsoil contain comparatively low levels of organicmatter. These include Noncalcic Brown soils, Red-Brown Earths, GrayPodzolic soils, and Red-Yellow Latosols. 
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Utilization of Organic 
Matter for Increasing Soil 
Productivity for Field 
Crops 

Inoue et al. (1984) conducted a three-year experiment on the improvement of soil 
productivity for corn, sugarcane and cassava using three different soil groups, i.e., 
Reddish-Brown Lateritic soils for corn. Noncalcic Brown soils for sugarcane, and Gray 
Podzolic soils for cassava. The results obtained are summarized as follows: 

Improvement of Soil Productivity for Corn by Mulching and Nitrogen Fertilizer 

A factorial experiment was conducted tor three year , (1981 to 1983) at Phra Phuttabat 
Field Crop l.xperimcnt Station to determine the effect of mulching and N fertilizer levels 
on corn yield and the succeeding inung bean yield, as well a:s the long-term change in soil 
productivity. The three levels of N were 0. 50 and 100 kg/ha. A Reddish-Brown Lateritic 
soil was mulched with 5.0 t/ha of comnunist grass (Penniseuin pedicellattnm Trin) which 
is easily obtained from horm fields as weed. After corn was harvested, cornstalk mulch 
was applied to the succeeding rnung beans. The results in Figure I show a highly 
beneficial effect of mulching on crop yield. The highest corn yields were obtained when 
100 kg/ha of N fertilizer and cornstalk mulch were applied to inung bean. Rather high 
amounts of plant nutrients (N. P. K) cou!d he returned to the field through utilization of 
mulches prepared from cornistalks and communist grass. For example, in this experiment 
the amnounts are equivalent to 29 to 82 kg/ha of N, 15 to 34 kg/ha of P20 5 and 54 to 
205 kg/ha of K1O. 

Improvement of Soil Productivity for Sugarcane by Mulching and Nitrogen Fertilizer 

Inoue et al. (1984) initiated ar. experiment in 1981 on a Noncalcic Brown soil at the 
Suphan Buri Field Crop Research Center. The purpose of this study was to investigate the 
long-term effects of sugarcane trash mulch on sugarcane yields under rainfed conditions. 
The experimental plot was treated with and without the mulch at a rate of 5.0 t/ha. Two 
cane cultivars, F 140 and Q 83, and three N fertilizer levels, i.e., 0, 75 and 150 kg/ha 

61981 1982 o 1983 0 
5 0 

-M"4 -, z
 

"o 3 -


E2 
0 

0 50 100 0 50 100 0 50 100 

N Level (kg/ha) 

ex No mulch on corn and mung bean o Weed mulch on corn,
cornstalk mulch on 

No mulch on corn, but cornstalk mung bean o 
mulch on mung bean 

Figure 1. Effect of Weed Mulch and the Levels of N Fertilizer on 
Yield of' Corn Grown on a Reddish-Brown Lateritic Soil 
in 1981 to 1983 (Inoue eI al.. 1984). 
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were applied, with a basal level of P20 5 and K20 (75 kg/ha). The results from two yearsof cultural practice (Figure 2) indicated that cane trash mulch was able to increasesugarcane yields by more than 10 t/ha compared with the unmulched treatment. This yieldincrease was equivalent to 5400 B/ha of farm income based on 1982 prices. The beneficialeffect of the cane trash mulch on yield was
of rainfall to the soil, 

attributed to its capacity to increase infiltrationto minimize evaporative water loss, and to decrease water andnutrient runoff losses. Cane trash mulch was able to maintain soil surface structure,preventing crust formation when the soil was exposed to the impact of raindrops. Therewas little rrnp ies,'.-, to auiied N un'-ss rit soni coniamcd sufficient available moisture.Thus, crop response to N was attributed mainly to the mulching practice. The growth andyield of sugarcane were actually reduced by N fertilizer application when available water 
was limiting. 

Cassava-Based Cropping Systems and the Use of Organic Matter for Increasing Soil
Productivity 

Inoue et al. (1984) conducted field experiments in 1982 to 1983 at Huai Pong Field CropResearch Center, at Rayong where soils were classified in the Gray Podzolic group. Theobjective was to maintain and improve soil productivity and crop yields by the use oforganic materials on cassava-based cropping systems, which included cereal crops andsorghum. Sorghum was planted before cassava so as to obtain mulching material underfertilization, and a cover crop (Mimosa sp.) was also utilized. The experimental design isdescribed in Table 1. 

From the results shown in Figures 3 and 4 it is apparent that none of the cropping systemswas highly successful the first year. The most likely reason for this is that increased soilproductivity would be attained gradually from the long-term use of organic residues. The 
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Figure 2. Effect of Cane Trash Mulch and Nitrogen Fertilization 
on the Yield of Two SIgarcane Cultivars (Q 83 andF 140) During 1981 to 1982. 
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Table 1. Experimental Design at luai Pong Field Crop Research 
Center at Rayong During 1982 to 1983 for Cassava-
Based Cropping Systems Using Sorghum for Surface 
Mulch and Mimosa Cover Crop. Mimosa sp. was 
Harvested at the Time of Cassava Harvest. (After Inoue 
el al., 1984). 

Cropping N-Levels Cover Crop 5 18 28 11 25 2 2 
System Planted May May May Aug Aug Mar Jan 

kg ha-1 

50,100 None .... Cassava (RI)t .... 

.... Sorghum .... 

2 50,100 10 Sep ..... Cassava (RI) ..... 

.... Sorghum .... 

3 50,100 None ............ . Cassava (RI) ..............
 

4 10 Jun .............. Cassava (RI) ..............
 

5 50,100 None ...... Cassava (H5) ...... 

.... Sorghum .... 

6 50,100 10 Sep ...... Cassava (H5) ...... 

.... Sorghum .... 

7 50,100 None .............. Cassava (H5) ..............
 

8 50,100 20 Jun .............. Cassava (H5) ..............
 

t RI, Rayong 1; and H5, Huai Pong 5. 

Rayong 1 (RI) cultivar, which is widely used in most of the cassava growing areas of 
Thailand, is not suitable for intensive cropping systems since it is a slow-growing variety 
that does not respond well to soil management. However, it is possible to utilize Rayong I 
in intensive cropping systems if sorghum or other suitable crops can be grown to provide 
surface mulching material prior to planting cassava to enhance soil and water conservation. 

Effect of Organic Matter Akiyama et al. (1979) conducted research at Suphan Buri Rice Experimental Station fiom 
Application to Heavy Clay 1974 to 1977 to establish an effective technical system for paddy farming. Their objectives 
Paddy Soils on Improving were to 1) develop cropping systems for rotating field crops with rice, 2) increase water 
Soil Productivity and Crop use efficiency by crops, and 3) increase soil fertility and productivity. 
Yields 
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Figure 3. 	Growth and Yield of Cassava (Rayong 1) After 13 and 
9.5 Months (1982). 
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Figure 4. 	Growth and Yield of Cassava (Huai Pong 5) After 9.5
 
Months (1982).
 

The heavy clay paddy soil at Suphan Buri Rice Experimental Station has very poorphysical characteristics. While it does have the potential for acceptable crop yields, it islikely that 	soil productivity can be improved by long-term organic matter treatments. Theorganic materials in the field trials included rice straw, rice hulls, cornstalks, sawdust andfarmyard manure. These were applied and incorporated
planting corn 	

into the soil 40 to 45 days beforeduring December to May. After corn was harvested the cornstalks were 
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Effect of Organic Matter 
on Soil Water Retention 
and Plant Growth 

incorporated into the plot. Rice was sown, harvested in November, and rice straw residues 
were then incorporated. Soil samples were collected periodically to assess changes in 
physical properties. Application of the organic materials resulted in decreased bulk density 
and increased moisture holdi.g capacity of the plow layer. However, corn yields were not 
significantly increased by the organic amendments with the exception of farmyard manure 
in which case yields were increased. The poor corn growth may have been due to a 
nitrogen deficiency caused by the microbiological immobilization of inorganic N in the 
decomposition of organic matter. Rice yields were increased by the organic amendments. 
The apparent nitrogen deficiency and low yield of corn associated with organic matter 
applications can be avoided by delaying the time of sowing. The crop residues should not 
be plowed into the soil before submergence, but should be applied in the form of farmyard 
manure after harvesting rice. 

Ueno et al. (1983) conducted an experiment on Reddish-Brown Lateritic soils in 1981 to 
1982 to determine the effect of cornstalk mulch, cornstalks incorporated (unmulched), 
weed mulch, minimum tillage and green manuring on soil moisture retention and the 
growth of corn and mung bean. The organic materials were applied at the rate of 5.0 t/ha. 
The weed mulch consisted of Inperata cvlindrica and the green manure was Crotalaria 
juncea. The results shown in Figures 5 and 6 indicate that the weed and cornstalk 
mulching practices effectively increased soil moisture retention, whereas the incorporation 
of cornstalks had little effect. The planing of Crotalariaincieased the risk of drought 
from ntoistu:? competition with corn. About 4.5 t/ha of corn grain were obtained in the 
weed and cornstalk mulch treatments. There were no significant differences in mung bean 
yield!; among the treatments. These results indicate that the corn growing on the mulched 
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Figure 5. 	 Soil Moisture Status as Affected by Mulching Practices 
Observed on July 9, 1982 at Phra Phuttabat (After 
Ueno et al.. 1983). 
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Figure 6. 	Yield of Corn, Grain Cornstalks and Mung Bean atPhra Phut!abat l:a 1981 as Affected by Organic
Amendments and Minimum Tillage (After Ueno et al.,
1983). 

plots was protected from moisture stress and drought injury because of the increased levelof moisture 	retention and availability, whereas corn crops in the unmulched plots were 
not. 

Utilization 	of Organic Suzuki et al. (1980) conducted a survey on tie useMaterials 	 of organic materials by farmers whichon Soil Thai he divided 	 into four categories as follows:
Farms 

Use of Crop Residues 

Thai farmers generally harvest the rice crop about 40 cm from the top of the plant. Afterthreshing, the straw is stored in piles to be used as fodder for cattle. This practice allowslong stubble to remain in the field, providing an importantThailand, rice straw 	
source of fodder for cattle. Inis generally plowed into the soil at the beginning of the rainy season.In the central plain, it is commonly burned after harvest and during the dry seasonavoid tillage problems. to 

throughout the country. 
Rice straw is also widely used for mulching by vegetable farmersAs for upland crops, the corn stover 	is usually plowed into thesoil after harvest, while sugarcane trash is left in the field after harvest and then burnedbefore the field is prepared for the next crop. With cassava, the organic 	matter returned tothe soil consists only of the fallen leaves. 

Use of Farmyard Manures 

Farmyard manures are not usually applied to paddy fields but are most often utilized inrice nurseries. Poultry dung, pig dung and bat guano are commonly used on vegetablesand, to a limited extent, for corn and sugarcane. The application rate of poultry dungranges from 7 to 18 t/ha/yr. Farmyard manures are also commonly used in orchardswhere they 	are applied at a rate of 60 to 70 t/ha/yr around the leaf canopy. Thecompositions of animal manures commonly used by Thai farmers are listed in Table 2. 
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Table 2. Compositions of Farmyard Manures Commonly Used by 
Thai Farmers (After Suzuki et al., 1980). 

Smnples Moisture pH 	 C/N Elemental Compositiont Sampling Site and Use 
Ratio 

C N P K Ash 

Buffalo 1 7.0 7.5 23 11.0 0.47 0.23 0.76 86.1 	 Sericulture Exp. Stn., 
Surin 

2 	 81.3 7.8 21 26.2 1.23 0.49 0.88 23.1 Rice Exp. Stn., Rangsit 
(Fresh) 

3 54.1 7.7 17 22.7 1.37 1.42 1.91 40.9 	 Orchard at Kiang, 
Rayong
 

4 	 36.3 8.6 12 9.8 0.81 0.19 1.57 64.4 Nursery bed for rice at 
Gunthorawichar, Maha 
Sarakham 

Cattle 1 59.6 8.3 17 18.5 1.09 0.53 1.68 71.6 	 Hang Chat Exp. Stn., 

Lampang 

2 	 34.9 7.4 16 21.4 1.32 0.32 2.71 60.4 Orchard at Thamai, 
Chanthaburi 

3 	 51.9 8.2 14 12.2 0.86 0.58 0.80 76.7 Maejo Exp. Stn., 
Chiang Mai 

4 	 39.2 8.3 13 15.7 1.20 0.34 1.56 67.3 Orchard at Thamia, 
Chanthaburi 

Swine 1 45.3 5.7 16 16.0 1.30 2.69 0.63 44.2 	 Orchard at Kiang, 
Rayong 

2 	 14.5 7.8 14 22.8 1.68 2.69 1.34 51.9 Vegetable farm at 
Kamnoensaduak 

3 29.9 8.5 14 17.4 1.25 1.74 0.92 57.8 	 Ratchaburi 

Duck 1 7.0 8.3 29 21.2 0.74 1.39 1.26 58.4 	 Vegetable farm at 
Taling Chang, Bangkok 

2 	 25.3 6.8 20 24.7 1.26 1.41 0.69 53.5 Vegetable farm at Nong 
Khaem, Thon Buri 

3 34.3 8.8 17 18.4 1.08 1.36 0.75 68.0 

t Oven-dry basis. 
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Use of Compost 

The use of compost is not widespread among Thai farmers. The city compost which isproduced in Bangkok is mainly used by gardeners and vegetable growers located nearby.However, mpany experiment stations are now producing different composts by usingvarious kinds and combinations of organic wastes and residues. The compositions of some
of these composts and their chemical properties are shown in Table 3. 

Table 3. 	 Compositions of Composts Sometimes Used by
Thai Farmers (After Suzuki et at., 1980). 

Samples Moisturet pH C/N Elemental Compositiont Origina!lt
Ratio Materials 	Composted 

C N P K Ash 

S...... 
 % ..........
 

1 62.0 7.6 14 16.7 1.23 0.29 0.75 66. i RS + BD 

2 79.7 7.4 14 27.0 	 1.93 0.41 1.88 49.4 Grass + BD 

3 54.1 6.6 18 18.7 	 0.93 0.33 0.88 63.5 Peanut hull + BD 

4 34.4 8.3 13 15.8 1.20 0.35 2.46 69.2 RS + Grass + BD 

5 58.4 7.5 16 10.6 0.65 	 0.25 0.47 76.7 RS + RH + BD 

6 59.8 7.2 17 18.8 1.12 0.35 1.26 64.2 	 RS + RH + Grass + 
BD 

7 66.7 5.8 13 13.4 1.00 0.25 1.81 72.3 	 RS + GrassSorghum + 
+ BD 

8 71.8 7.5 21 	 27.8 1.31 0.50 1.10 27.0 RS + Lime + BD
 

9 77.5 8.9 22 21.2 0.95 0.20 1.69 55.0 	 RS + BD 

10 44.2 7.9 	 16 8.0 0.50 0.14 0.40 85.1 Peanut hull + Kenaf + 
BD 

t Oveni-dry basis 
t Kenal refers to the wastes left after removing fiber from the plant; BD, Buffalo dung; RS, Rice straw; RH, 

Rice hulls. 
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Use of Organic Wastes 

Organic wastes that have been commonly used by farmers, depending on availability and 
cost, include: sawdust, rice mill dust, sugarcane press cake, fermentation residues from 
industrial alcohol production, waste from production of seasoning powders, activated 
sludge from soft drink factories, castor bean cake, fish cake waste, and rice straw compost 
from mushroom cultivation. The compositions of these composted materials are listed in 
Table 4. 

Those materials with a very high ash content such as rice mill dust-I and fish cake may 
not be good organic matter sources. Crops could be injured by fish cake which contains 
very high amounts of salt and, consequently, sodium. Therefore, the application of large 
amounts of fish cake waste to upland crops should be avoided. The use of organic 
materials which have very high C/N ratios such as sawdust should be accompanied by the 

Table 4. Compositions of Organic Wastes Commonly 
Used by Thai Farmers (After Suzuki et al., 
1980). 

Materials Moisturet pH Elemental Compositiont 	 C/N 
Ratio 

C N P K Ash 

% 	 .............. % ........... ....
 

Sawdust 7.9 4.7 34.1 0.11 0.02 0.03 1.8 	 310 

Rice mill dust-I 6.5 7.0 14.6 0.96 0.33 0.51 69.9 15.2 

Rice mill dust-2 73.8 5.2 31.7 2.71 3.24 0.82 46.6 11.7 

Sugarcane press 70.1 8.5 37.5 1.93 2.36 0.28 32.4 18.9 
cake 

Fermentation 8.0 4.0 41.1 2.10 0.11 2.21 12.0 19.6 
residues from 
brewing industry 

Activated sludge 8.3 6.8 31.7 3.71 1.52 0.21 23.1 8.5 
from soft drink 
industry 

Rice straw compost 75.9 6.2 36.0 2.14 1.80 2.28 30.6 16.8 
from mushroom 
cultivation 

Fish cake: 18.7 7.5 20.5 2.16 2.86 0.24 64.7 9.5 

t Oven-dry basis. 

f Waste of NAM PLA manufacture (Na content = 27.8%). 
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application of N fertilizers, or the material should be co-composted with other wastes thatwould supply N so as to lower the C/N ratio before it is applied to the field. Failvre to dothis could immobilize inorganic N in soil, resulting in a temporary N deficiency for crops. 
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P. Dhanyadee 
Department of Land Development, Bangkok, Thailand 

ABSTRACT. In Thailand there are about 225 mill; -n rais or 70 percent of the total area 
that has been impacted by such soil degradative ;'rocesses as erosion, salinization and 
acidification. Most of these deteriorated soils are low in both fertility and organic matter 
content. The level of organic matter in soils of some 91 million rais ranges from 0.3 to 
0.5 percent. The Land Development Department has decided that the easiest and most 
cost-effective way of improving the productivity of these degraded soils is to use composts 
prepared from ,nixtures of crop residues, animal manures and nitrogenous fertilizers. If 
farmers so desire, quality composts can be obtained in a very short period of time by the 
use ofa microbial inoculant as a starter. The first microbial inoculant or microactivator 
usedfor producing compost in Thailand was introduced fromn Japan in 1979. The trade 
name of this activator was "F" and it was a culture of the fimgus Aspergilhs oryzae 
Fujita. Inoculation with this fingus caused extensive decomposition of crop residues such 
as para grass, and rice husk and sawdust within 20 and 45 days, respectively. Later, a 
bacterial culture from the U.S. under the trade name "Agromax'" was used which 
decomposed sugarcane bagasse within 90 days instead of a one-year period without 
inoculation. Tie microactivator currently recommended by the Land Development 
Department is a U.S. product called "B-2'"which is cultured in Thailand. This product 
contains bacteria, fiingi and actinomycetes which can decompose cornstalks in 30 days 
it ith the maLimnum release of plant nutrients. 

Compost utilization in 7hailand depends on soil conditions and the cropping system. For 
paddy rice and field crops grown on sandy soil, 3 t/rai of compost are recommended, and 
2 t/rai on clayey sail. The highest yields are obtained when these rates of compost are 
applied with chemical fertilizers at one-half their recommended rates. 

The government of Thailandhas now established a policy to promnote the on-farm 
production and use of compost by farmers th., oughout the country. The objective is to 
utilize organic residues and wastes in the most practical and cost-effec!ive manner to 
improve and maintain the tilth, fertility and productivity of agricultural soils. 

Introduction The Soil Survey and Classification Division, Department of Land Development, has 
estimated that approximately 225 million rais, or about 70 percent of the total area of 
Thaitand, are in a state of deterioration from erosion, salinization and depleted soil 
fertility. Also, they estimated that 191 million rais, or about 85 percent of the affected 
area, have serious problems that are attributed to a low level of soil organic matter 
(Dhanyadee, 1984). Since soil productivity is highly correlated with the soil organic matter 
contcat (Parr, 1981) it is important to maintain an adequate level of organic matter by 
periodic additions of organic materials such as crop residues, manures, food processing 
wastes and municipal wastes. In addition to macronutrients such as NPK, compost 
provides secondary and micronutrients to soils (Alexander, 1977; Gibbons, 1984; Kunda 
and Gue, 1982; Logsdon, 1976; Ojeniyi and Agbute, 1980). Composts also improve soil 
chemical anrd physical properties such as aeration, water holding capacity, bull: density, 
aggregation and cation exchange canacity, and enhance the activity of beneficial soil 
microorganisms. Composts !, ,rovide a stabilized form of organic matter that imparts 
longer-lasting residual effects to soil than that obtained from the addition of uncomposted 
raw materials (Dhanyadce, 1979; Panitsakpatana, 1984; Vangnai, 1984). 

While composting is an ancient practice that goes back perhaps several thousand years, Sir 
Albert Howard is credited with the development of the process technology that has led to 
moder, -day composting methods. In the 1920s Howard developed a method of composting 
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Inoculants and Activators
for Compost Production 

in which different types of organic materials, including crop residues and animal manures,were layered one after another and then turned twice during the decomposition process toenhance aerobic conditions. The method became known as the 	"Indore Method," namedafter the state in India where he did his work. Later, the Indian Center for AgriculturalResearch at Bangalore improved Howard's method by including a phase of anaerobicdecomposition. To achieve this, the compost pile was 	covered with soil, which slowed thecomposting time, but required less labor to maintain. This method became known as the
"Bangalore Method." 

During 1920 to 1930, several European countries developed mechanized systems forcomposting city refuse garbage.or The most successful process was found by Df.Giovanni Beccari in Italy and utilized anaerobic conditions for the initial stage ofdecomposition, and then changed !o aerobic conditions for the final stage. This methodwas widely known as "The Process." Later in France this method was improved by usinghigh-pressure pumping systems for aeration and drainage and became known as the"Verdier Process " In 1931 Jean Dordas further modified the Indore Method by omittingthe initial stage of anaerobic decomposition, but still maintained a pile configuration.Subsequently, the modified Indore Method was used extensively in the Netherland. forcomposting city refuse or garbage. The method utilized a shredder to reduce materials to asmaller and more uniform size, and 	very large, high piles tha, had to be provideddrainage and means for remoistening. During the 	
with 

1940s in the U.S., J.1. Rodale promotedthe 	use of organic matter for improving soil productivity in lieu of chemical fertilizers. Healso focused on the 	 Indore Method of Howard and supportcd research to improve it. 
For more than 20 years, Thailand, especially the Land Development Department, hasconducted research on making composts. At first, the research was 	concerned only withresidues that took a long period of composting to obtain a finished product. Eventually,crop residues were mixed with animal dung in a ratio of 10:1 (by 	weight) and after thatcrop residues, animal dung and chemical fertilizer were mixed in a ratio of 100:10:1,respectively (Dhanyadee, 1979; 1980). However, these methods take so much time that thecompost cannot be used in the current cropping season. For this reason farmers


discouraged are

from making compost (Dhanyadec, 1979; MOAC, 1 8). 

Inoculants and activators for composting are of four types:
1) Animal dung, organic fertilizer or compost. 

2) 	 Chemical fertilizers, especially nitrogen fertilizers such as urea and 	ammoniumsulphate, at ratio, of 16-20-0, 20-20-0, 15-15-15 mixed in a proper ratio with theorganic materiais to be composted. 
3) 	 Enzymes that will digest cellulose, heinicellulose, proteins, lignin and lipids. These
pr,.darations 
are 	used in small amounts, but can help to speed up the compostingprocess. For example, if the raw 	aterial is high in cellulose, an enzyme preparation

containing cellulase should be used. These products are quite expensive. 
4) Microbial activators can enhance the decomposition of crop residues and impart agood quality to the compost. These products and preparations can be especially helpfulwhen the bulk of material to be cornposted is a crop residue having a wide C/N ratio.Such materials often lack the array of microorganisms necessary to ensure rapid andcomplete composting. The process can he naturally enhanced when inoculated with

animal manures or soil slurry of finished compost. 

The Land Development Department has used three kinds of microbial activators for
producing composts, as follows: 
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I) F product (Aspergillus oryzae Fujita) is a fungal culture introduced from Japan which 
can accelerate the composting process. For example, for crop residues such as paragrass and rice straw, the time for producing compost is 20 days while for rice husk
and sawdust conposting takes 45 days to complete the compost as shown in Table 1.
The product is used in a ratio of crop residue:animal dung:chemical fertilizer:F 
product, 1000:200.2:1 kg. 

2) Agromax-celiostat is a microbial culture from the U.S. v.hich conist- of a mixed
culture of bacteria, fungi and actinomycetes. Four treatments were carried out as 
follows: 

Treatment I: bagasse, I t; duck dung, 200 kg; urea, 2 kg; rock phosphate, 2 kg. 
Treatment 2: bagasse, t t; duck dung, 200 kg; urea, 2 kg; rock phosphate, 2 kg;

Agromax-cellostat, 180 g. 
Treatment 	3: bagasse, I t, (luck dung, 200 kg; urea, 2 kg; rock phosphate, 2 kg;

Agromax-cellostat, 360 g. 

Treatment 4: bagasse, I t; duck dung, 200 kg; urea, 2 kg; rock phosphate, 2 kg;
Agromax-cellostat, 540 g. 

As shown in Table 2. when the Agromax-cellostat product was mixed with the bagasse at
the high rate of 540 g, the composting was completed in 90 days. 

Table 1. 	Decomposition Time and Chemical Quality of 
Compost From Various Crop Residues 
(Dhanyadee, 1980). 

Treatment Time of C/N Chemical Quality pH
Decomposition Ratio of the Compost 

N P205 K20 

days ........ % ........ 

i. Para grass/duck 20 19 1.17 3.46 2.17 8.3 
dung/urea/ 
F product 

2. Rice straw/duck 20 15 1.53 2.41 2.87 9.0 
dung/urea/ 
F product 

3. Rice husk/pg 45 12 2.43 11., 1.81 8.4 
dung/urea/ 
F product 

4. Sawdust/duck 45 20 2.17 6.97 1.96 8.3 
dung/urea/ 
F product 

333 



3) 	 B-2 is a microbial activator which enhances the rate of crop residue decomposition
when used as follows, crop residue/animal dung/chemical fertilizer/B-2 product, 
1000 kg/200 kg/I kg/I set (one set of B-2 product consists of 300 g of B-2 and 1 kg 
of a protein powder preparation). The results shown in Table 3 indicate that the B-2 
product mixed with cornstalks decreased the C/N ratio to 18 after 40 days of
composting. In the absence of B-2 the C/N ratio had only decreased to 32, indicating 
a low rate of composting. 

Modern Method for There are two principal methods for utilizing m;crobial activators in compost production.
Compost Production First, if the crop residues are bulky such as rice straw and water hyacinth, they are 

heaped into layers which, in turn, are trampled and watered. The thickness of the layers is 
approximately 30 to 40 cm. Each layer is then covered with animal dung and chemical 
fertilizer and the activators are 	applied. Other layers are done in the same procedure until 

Table 2. 	Effect of the Agromax-Cellostat Mixed Microbial 
Culture on the Composting of Sugarcane
Bagasse After 90 Days. 

Treatment C/N Ratio C N P2 0 5 K20 

.............................
 

Treatment 	 1 29 31.4 1.08 2.52 0.10 

Treatment 	2 27 29.2 1.08 2.52 0.12 

Treatment 	3 21 21.4 1.02 2.43 0.11 

Treatment 	4 20 20.3 0.99 2.91 0.12 

Bagasse residue 	 164 59.0 0.36 0.04 0.29 

Table 3. 	Effect of the B-2 Product as an Activator for 
Composting Cornstalk Residue. 

Treatment 	 Time of C/N N P 0 
Decomposition Ratio 2 S 

days 	 ..... % ..... 

I. Cornstalk, 100 kg; duck 	 40 32 1.31 1.12 
dung, 10 kg; urea, 0.25 kg 

2. Cornstalk, 100 kg; (luck 	 40 18 2.25 1.17 
dung, 10 kg; urea, 0.25 kg; 
B-2 product 

3. Cornstalk residue 42 1.17 0.46 
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Time Required for 

Compost Production 


the pile is approximately 1.0 to 1.5 m high. The surface of the pile is then covered with 
top soil to a depth of I inch (Dhanyadee, 1976; 1979; 1980). 

Second, if crop residues are chopped and ground rather fine, they are mixed manually 
with animal dung and chemical fertilizer in predetermined proportions. During the mixing 
operation the biomass is moistened and the activator is incorporated. 

Generally, it takes from one to three months to produce compost, depending on the
 
following considerations:
 

I) Type of crop residue. Each crop residue has a characteristic C/N ratio as shown in 
Table 4. Residues with a high C/N ratio decompose more slowly than those having a 
low C/N ratio. Optimum composting occurs at a C/N ratio of about 25:1. 

2) 	 Conditions of composting. The composting process proceeds at the most rapid rate 
when optimum conditions are maintained in the pile for aeration (this should 
essentially be aerobic most of the time), moisture (50 to 60 percent by weight) and 
temperature (thermophilic range of 550 to 65' C) (Dhanyadee, 1984). 

Table 4. 	Some Chemical Properties of Various Organic
 
Materials (Dhanyadee., 1976; 1984).
 

Kind of Organic N P205 K20 C/N Ratio pH
Materials 

. ..... o .. ,.. %o ........... .. ,
 

1. Farm wastes 

Rice straw 0.55 0.09 2.39 89 8.2 

Cassava peel 1.82 0.48 1.99 27 8.5 

Corn residue 0.53 0.15 2.21 62 8.2 

Soybean residue 3.34 1.04 2.54 16 8.1 

2. Industrial wastes 

Bagasse 0.40 0.15 0.44 146 6.0 

Sawdust 0.32 0.16 2.45 196 5.4 

Coconut dust 0.36 0.03 2.49 167 6.1 

Rice hull 0.36 0.09 1.08 152 6.1 

3. 	City waste 

Municipal waste 1.20 1.56 10.34 39 5.9 

4. Others 

Water hyacinth 1.27 0.71 4.84 34 7.8 

Peat soil 1.10 0.04 0.26 41 3.5 

Azolla 2.98 0.61 2.05 14 6.8 
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To further promote the composting of various organic wastes and residues for beneficialuse on agricultural soils in Thailand, it is 	essential to know the kind and amount ofdifferent materials that are produced annually, and which might be utilized for thispurpose. Tab'e 5 shows that the total current annual production of crop residues, industrialwastes, municipal wastes, animal wastes and night soil is some 139 Mt. Certainly, manyof these materials would not necessarily be available for composting because of
competitive, social and transportation constraints. 

Table 5. 	Kinds and Amounts of Various Organic
Materials in Thailand (Dhanyadee, 1984). 

Kind 	of Solid Wastes 
Amounts 

11 yr 
1. 	Crop Residues
 

Rice straw 

43,000,000

Corn 	residue 
1,000,000 

Soybean and mung bean residue 500,000 
Water hyacinth 

1,000,000 
Sugarcane residue 

2,000,000 
'Free leaves around resident area 1,000,000 

2. 	 Industrial wastes
 
Bagasse 


6,000,000 
Sawdust 

30,000 
Coconut dust 

30,00 
Rice hull 

5,000,000 
Others 

30,000 

3. Municipal wastes 

Municipal wastes 
(Bangkok and main cities) 

3,000,000 

4. 	 Animal wastes
 

Cattle manure 

30,000,000 

Pig manure 
30,000,000 

Poultry manure 
5,000,000 

Other animal manure 
500,000 

5. Night soil 	 11,000,000 

Total amount 139,090,000 
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Determination of Compost 

Maturity 

Comp,;st Quality 

Compost Utilization 

After the composting is apparently completed, it should be evaluated for its relative state 

of maturity. Reliable indexes are as follows: 

1) Color of the raw material is mostly changed to dark brown or black. 

2) Temperature in the compost pile should have cooled to near the ambient temperature. 

3) Mature compost will be softer and finer than at the initial stage. 

4) C/N ratio should have decreased to at least 20 or lower. 

5) Malodors should no longer be detectable. 

The quality and chemical properties of compost depend on the kind and chemical 
composition of starting materials that were used (Tables 4 and 6) and the conditions of 
aeration, moisture and temperature that prevailed during the composting period. Some 
chemical properties of various composts are listed in Table 7. 

Compost utilization in Thailand depends upon soil conditions and cropping systems. 

Compost For Rice 

Research conducted at Pathumthani (Table 8) shows that the application of 2 t/rai of 
compost significantly increased the yield of paddy rice to 733 kg/rai, or approximately 
55 kg more than the control. The highest yield of rice (886 kg/rai) was obtained when 
half the recommended rate of chemical fertilizer (20 kg/rai) was applied with the compost. 
The yield obtained with the recommended rate of chemical fertilizer (40 kg/rai) and no 
compost was 723 kg/rai, and was actually less than the yield with compost alone. Thus, 
the application of compost at a rate of 2 t/rai with half the recommended amount of 
chemical fertilizer can substantially reduce the cost of fertilizer, while ensuring maximum 
yields. 

Table 6. Some Chemical Properties of Animal Manures 
(Dhanyadee, 1984). 

Types of Manure N P205 K20 pH 

Chicken manure .67 3.32 2.41 7.6 

Duck manure 0.78 0.96 0.74 6.8 

Pig manure 2.71 3.35 0.98 6.8 

Cattle manure 1.58 0.70 1.62 8.3 

Horse manure 0.60 0.25 0.56 slightly basic 

Bat manure 0.74 9.95 6.26 6.3 
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Table 7. Some Chemical Properties of Various Composts
 
(Dhanyadee, 1984).
 

Kind of Compost Material 	 N P20 5 K20 pH 

• .. .......
. % . . .. .
 .
 

1. Farm compost 

Rice 	straw compost 1.02 0.43 3.85 8.5 
Cob 	compost 1.07 0.51 1.19 

2. 	 Industrial waste
 
Bagasse 
 0.87 0.25 0.98 8.2 
Sawdust 0.51 0.16 0.43 7.6 
Coconut dust 0.61 0.14 2.03 7.2 
Rice hull 1.23 4.03 1.29 8.3 

3. 	 City compost
 
Municipal waste 
 0.981 1.04 1.06 

4. 	 Others
 
Water hyacinth 
 1.19 0.87 3.06 7.9 
Peat compost 0.96 0.38 0.70 6.0 

Table 8. Effect uf Compost and Chemical Fertilizer on
 
Paddy Rice (Oryza saa'va var. Asia 90) Yields in
Pathumthani on a Clayey Soil (MOAC, 1981). 

Treatment 
Grain Yield 

1kg rai"

1. Control 
677 

2. Compost 2 t rai-
733 

3. Compost 2 t rai - I + chemical fertilizert 20 kg rai -I  	
886 

4. Chemical fertilizer 40 kg rai -I  
723 

t Chemical fertilizer, 16-21-0. 
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Similar results were obtained when compost was applied to paddy rice at Maha Sarakham. 
Grain yield was highest (592 kg/rai) when compost was applied at 3 t/rai with half the 
recommended rate of chemical fertilizer (25 kg/rai). Rice yield with compost alone was 
equal to that obtained with a full application of chemical fertilizer. Here again, compost 
can substantially reduce the amount and cost of chemical fertilize, applied to rice
 
(Table 9).
 

Table 10 shows similar results from the application of compost at 3 t/rai with chemical
 
fertilizer at Khuinpangpet. Some 710 kg/rai of rice were obtained with compost and half
 
the recommended rate of chemical fertilizer, which represents a substantial reduction in
 
fertilizer cost, that is, about 50 percent. 

Table 9. 	Effect of Compost and Chemical Fertilizer on
 
Paddy Rice (Oryza sativa var. Horm Mali) Yields
 
in Maha Sarakham on a Sandy Soil (MOAC,

1981). 

Treatment 	 Grain Yield 

-I
kg rai

1.Control 	 320 

2. Compost 	3 t rai"1  452 

3. Compost 	3 t rai 1 + chemical fertilizert 25 kg rai 1 592 

4. Chemical fertilizer 50 kg rai-t  	 460 

t Chemical fcnilizc. 16-200. 

Table 10. 	 Effect of Compost and Chemical Fertilizer on 
Paddy Rice (Oryza sativa var. R.D. 7) Yields 
in Khurnpangpet on a Silty Clay Loam 
(MOAC, 	 1981). 

Treatment 	 Grain Yield 

kg rai"1 

1.Control 	 430 

3 t rai-1  2. Compost 	 600 

rai-I  
3. Compost 	3 t rai-I + chemical fertilizert 25 kg 710 

4. Chemical fertilizer 50 kg rai' 	 580 

t Chemical fertili/cr. 16-20-0. 
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Compost for Field Crops 

The yield responses of cassava and corn to compost (3 t/rai) and chemical fertilizer at onehalf the recommended rate, i.e., 25 kg/rai, are shown in Tables II and 12 for locations atBuriram and Chiang Rai, respectively. The highest yields were obtained with tile
application of compost and one-half the normally recommended rate of chemical fertilizer.Yields obtained with compost alone and the full recommended fertilizer rate were
essentially the same. Thus, the combination of compost at 3 t/rai and chemical fertilizer at25 kg/rai gave the highest yields, and allowed a 50 percent reduction in chemical fertilizercosts. The higher yields which resulted from this combination of compost and chemicalfertilizer seem to provide evidence that organic amendments can markedly increase 
fertilizer use efficiency by crops. 

Table 11. Effect of Compost and Chemical Fertilizer on 
Cassava Yields in Buriram on Sandy Soil 
(MOAC, 198!). 

Treatment 
Bulb Yield 

kg rai -1 

1. Control 
2480 

2. Compost 3 t rai-I 3740 

3. Compost 3 t rai - I + chemical fertilizert 25 kg rai - 4400 

4. Chemical fertilizer 50 kg rai- I 
3620 

t Chemical fertilizer, 16-20-0. 

Table 12. Effect of Compost and Chemical Fertilizer on
Corn Yields in Chiang Rai on a Sandy Loam 
Soil (MOAC, 1981). 

Treatment 
Grain Yield 

kg rai-

I. Control 
240 

2. Compost 3 t rai- 262 

3. Compost 3 t rai 1 + chemical fertilizert 25 kg rai -I 
276 

4. Chemical fertilizer 50 kg rai- I 
264 

t Chemical fertilizer. 16-20-0. 
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The current policy of the government of Thailand is to provide technical assistance to 
farmers throughout the country for making composts to improve the tilth, fertility and 
productivity of their soils. During the past five years some 38 provinces have been 
involved in this program which is summarized in Table 13, Figure 1 and Figure 2. 

Table 13. Target Plan for Implementation of Organic 
Recycling for Improvenent of Soil 
Productivity (1982 to 1986). 

Activities Project Targets 
Implementation 
(5 	years) 1982 1983 1984 1985 1986 

1. Training 

1.1 Officials (person) 2,100 300 3G0 500 500 500 

1.2 Farmers (person) 1,700 - - 500 600 600 

2. 	 Organic Fertilizer 

2.1 	Compost 

Demonstration (t) 20,000 /,000 4,000 4,000 4,000 4,000 

Extension (1) 365,000 50,000 75,000 60,000 80,000 100,000 

2.2 	Green Manure 

Demonstration (rai) 14,000 1,000 4,000 2,000 2,000 2,000 

Extension (rai) 125,000 :50,000 25,000 25,000 2,500 2,500 

3. 	 Seed production (t) 274.5 127.5 55.5 30.5 30.5 30.5 

4. 	 Research for organic 6 6 6 6 6 6 
recycling (projects) 
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16 Prov nces 
in north region 

17Provinces 
inortheast region 

~5 Provinces 
~In south region 

Figure 1. The Distribution of Low Soil Organic Matter Content 
Areas in Thailand. 
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Provrovnnee~1 

inn north region 

Figure 2. Implementation Areas for Soil Productivity 

Improvement by Organic Recycling (1982 to 1985). 
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The No-Tillage System for Corn (Zea mays L.) 

T. Na Nagara, C. Tongyai, D. Ngovathana and S. Nualla-ong 
Department of Agriculture, Bangkok, Thailand 

ABSTRACT. 7he two methods o1 seedbed preparation, conventional versus no-tillage, and 
the N fertilizer requiremnwt fbr corn (Zea mavs L.) grown o.,i i'ak Chong soil were 
investigated at Farin Suwan beginning in 1984. Results fromithe first year experiment 
showed that neither growth, grain yield, nor N fertilizerresponse characteristicsdiffer 
markedlv under these two tilage systems. This was attributed to the high fertility status of 
the soil and the relativelv unifirin distribution of rainJall with a short-tern drought period 
oNly it!the early vegetative growth stage. Nonetheless, greater water conservation in the 
top 30 cmii soil la\yer and higher water use efficienc' were found associated with the 
no-tillage practice. The use of N fertilizeralso resulted in higher water use efficiency of 
the corn plantfir both tillage svstemns. 

Introduction 	 The term "no-tillage," as defined by Jones et al. (1968), designates a procedure whereby 
the crop isplanted directly into chemically killed vegetation or crop residue without any 
prior mechanical seedbed preparation. Corn (Zea mnays L.) grown under the no-tillage 
system usuaily yields higher, particularly in fine-textured, well-drained, fertile soil 
(Blenvins et al., 1971; Jones e al. , 1986; Phillips et al., 1980; Triplett ei al., 1964). The 
increased yields in corn crops grown under the no-tillage system result in part fiom the 
conservat;on of soil water due to the reduction in evaporation (Na Nagara, 1972). Thus, 
more soil water is available for transpiration by the plant. This soil water conservation 
should lessen the damaging effect of short-term droughts which often occur in rainfed 
agricultural areas. 

Phillips et al. (1980) rcported that the no-tillage system reduced the energy input into corn 
and soybean production by 7 and 18 percent, respectively, when compared to the 
conventional tillage sys*' m. However, a disadvantage of the no-tillage system is excessive 
leaching of nitrate nitrogen following each rainfall event (Thomas et al., 1973). Therefore. 
this method is not suitable for a low fertility, coarse-texture isoil, which would require a 
high rate of nitrogen fertilizer (Na Nagara et al., 1984). 

The objectives of this investigation were to profile and compare soil water distribution, 
plant water use, water use efficiency, and growth and grain yield t.- corn under the 
no-tillage and conventional tillage systems when seven fertilizer levels were superimposed. 

Materials and Methods 	 The experiment was conducted on Pak Chong soil which belongs to the family of very fine 
clayey, kaolinitic, acid Oxic Paleustults (Department of Land Development, Soil 
Classification Sheet on Soil Series). Corn was planted on August 15 and harvested on 
November -2,1984 at the National Corn and Sorghum Research Center, Pak Chong, 
Nakon Ratchasinia. The soil in the plot area was relatively fertile (Table 1)and was not 
cultivated in the previous season. 

A split plot design with four replications was used. The main plot consisted of two tillage 
treatments, conventional and no-tillage. Subplots consisted of seven fertilizer levels, 0-0-0, 
0-10-10, 10-10-10, 20-10-10, 30-10-10, 20-10-0 and 20-10-20 kg (N-P 2 0s-K20)/rai. The 
conventional tillage consisted of two plowing and two disking operations in preparation of 
the seedbed. For the no-tillage system, a mixture of paraquat (138 g a.i./rai) and airazine 
(357.5 g a.i./rai) was used to kill the weeds 14 days prior to planting. After planting, 
240 g a.i./rai of alachlor were applied to assure good control over preemerged weed seeds 
for the entire experimental plot. 
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Table 1. Chemical and Physical Soil Properties at the
Experimental Site at Farm Suwan. 

Soil Property Soil Depth 

0-10 10-20 20-30 30-50 50-70 70-90 
........
I ........ cm..................
 

O.M. (%) 3.6 2.1 3.0 0.9 0.7 0.8 
P (ppm) 95 12 5 8 1 3 

K (ppnrw 230 80 40 40 20 30 

Vol. soil water content (%) 
0.3 bar (37.7 cm) 34.2 39.Y 45.0 40.6 42.7 43.8 
15 bar (26.1 cm) 21.0 28.0 30.5 29.5 31.0 30.5 
PAWt (11.6 cm) 13.2 11.8 14.5 11.1 11.7 13.3 

B.D. (g/cm) 1.06 1.30 1.33 1.27 1.25 1.25 

Particle size distribution (%) 
Sand 13.0 12.1 11.7 6.3 7.8 6.7 
Silt 6.0 7.9 7.3 5.1 1.7 1.2
Clay 81.1 80.0 81.0 88.6 90.5 92.1 

Texture HC HC HC HC HC HC 
t PAW, Plant Available Water; HC, Heavy Clay; B.D., Bulk Density; and O.M., Organic Matter. 

Corn (Suwan 1, cycle 9) was planted with a planting stick at 75subplots of 6 x 10 ni. 
x 25 cm spacing inAfter seed placement, furadan (3 kg/rai) was applied to controlinsects and pests. The seedlings were thinned to one plant per hill (8530 plants/rai) 13days after planting, then sidedressed 10 cm from the corn row with mixed fertilizer, atrates according to the planned treatments. 

Soi! and plant material were periodically sampled to determine the soil water content andplant dry n,.;ter production. Gravimetric soil samples were collected at depths of 0-10,10-20, 26-30, 30-50, 50-70 and 70-90 cm on August 15 (planting), August 28 (thinning),Septenib.-r 20 (eighth-leaf stage), October 11 (70 percent silking) and November 22(physiol.)gical maturity). 

Results and Discussion i-ih Soil Profile Water Content 

In the first year experiment, the amount and distribution of rainfall were normal whencompared to the ten-year average (Figure 1). Figure 2 illustrates the higher soil watercontent that is achieved under the no-tillage system during the lower rainfall periodAugust on15 (planting), August 28 (thinning) and November 22 (physiological maturity).During the period of good rainfall distribution samples were tar.en on September 20 and 
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Figure 1. Rainfall Distribution at Farm Suwan. 

October I1. The soil water content of the two tillage systems was practically identical at 
these times. 

Soil water profiles from August 28 and November 22 under the two : ystems are compared 
in Figure 3, demonstrating the greater water conservation in the top 30 cm soil layer with 
no-tillage. This characteristic is attributed mainly to the effectiveness of the killed-sod 
mulch in reducing the evaporative loss of soil water from the no-tillage system. This 
comparison also indicates that corn extracted more water from deeper in the no-tillage 
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Figure 3. Soil Profile Water Content as Affected by TillagePractices for Corn in the 1984 Growing Season at Farm 
Suwan. 

profile than in the conventional tillage prolile. This phenomenon is attributed to better rootgrowth and development under the no-tillage system and the f'act
esscntially unalected by drought during the early growth stages. 
that the crop was 

Figure 4 indicates that there were only two periods during the growing season whenmoisture stress was likely, one from late August to early September and a second fromlate October to early November. Only the first stress period, however, had observableeffects on crop growth and development since this was the seedling stage when the plantroots were still confined to the topsoil. The soil water profile for the total 0 to 90 cm 
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Figure 4. Soil Protile Water Distribution Under No-Tillage and 
Conventional Tillage in the 1984 Gro-wing Season at 
Farm Suwan. 

depth, illustrated in Figure 4, indicates that there was no severe stress under either system 
at any time during the entire growing season. The total 90 cm water profile of this Pak 
Chong soil at field capacity (0.3 bar) and wilting point (15 bars) was 37.7 and 26.1 cm, 
respectively. Thus, the plant available water (PAW) in this soil is approximately 11.6 cm, 
which is rather low compared to some other heavy clay soils. 

Growth and Grain Yield of Corn 

During the growing season, plant growth was observed periodically. The stand established 
under both tillage systems was quite uniform due to relatively good rainfall distribution 
following planting. After August 21, however, only 2.4 mm of rainfall was measured over 

the seven-day period to August 28, the date of thinning. This mild stress period resulted in 
a noticeably poorer stand of corn seedlings under the conventional tillage system while 
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seedlings in the no-tillage plots were larger, greener and apparently unaffected. Total drymatter production at this stage (13 days after planting) was 5.0 and 3.2 kg/rai underno-tillage and conventional tillage, respectively. 

The rainless period continued until September 3 after which the rainfall distribution wasquite unitbrm; rainfall measured 100 mm to the September 20 plant sampling date.September 20, the no-tillage plants were 
On 

taller than those under canventional tillage (Table2). Application of 	N fertilizer markedly increased the plant height (P<0.01), particularlyfor those plants under the wetter no-tillage treatment. Irregular N responses under theconventional tillage system were clue to moisture stress that occurred during the early plantgrowth stage. Consequently, the interaction between tillage practice and fertilizer level wassignificant (P<0.05) as shown in Figure 5. 

The differences in plant height between the two tillage systems on October II were lessmarked due to the relatively uniform distribution of 150 mnn rainfall between the twosampling dates. Nevertheless, fertilizer application significantly increased the plant height
at this stage (P<0.05), particularly in the no-tillage system. 

The effect of tillage system on the total dry matter production was s. inilar to its effect onplant height, but was even more pr,-nounced (Table 3). The mean total dry matter 

Table 2. 	Height of Corn (Suwan I) as Affected by Tillage
Treatment and Fertilizer Level at Two Sampling
Dates in the 1984 Growing Season at Farm 
Suwan. 

Sampling Date Fertilizer Level (kg rai"1) Meanand Mean

Tillage 0-0-0 0-10-10 10-10-10 20-10-10 30-10-10 20-10-0 20-10-20 

............................ 
 ............... .............
 

Sept. 20, 1984 

No-tillage 103bt 
 103b l19a 116a 124a 126a 
 120a 116
 

Cony. tillage 93c 95bc 
 107ab I1la I 
 0abc 103abc 106abc 102
 

Mean 98 99 113 114 112 
 115 113
 

C.V. (%) 
 Tillage = 24.1, Fertilizer = 7.0, Tillage x Fertilizer = 4.7 (P<0.05) 

Oct. 11, 1984 

No-tillage 219b 2211) 243a 2 50a 24 5a 241a 2 4 7a 238 
Conv. tillage 216h 23 la 244a 239a 237a 236a 237a 234 

Mean- 2181 
 226b 244a 245a 24 la 239a 242a 

C.V. (%) Tillage = 5.6, Fertilizer= 4.0, Tillage x Fertilizer = 2.6 

t In a row, ineans fbllowed by the sanmc letterare not significantly different at the 5% probability level by
Duncan's Multiple Rangc Test (DMRT). 
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Figure 5. Height of Corn (Suwan 1) Grown on Pak Chong Soil at 
Farm Suwan on September 20, 1984 (36 Days After 
Planting). 

production under no-tillage and conventional tillage on September 20 was 337 and 
249 kg/rai, respectively. The effect of nitrogen fertilizer on total dry matter production 
was significant (P<0.01), particularly in the no-tillage system, but also for conventional 
tillage at high nitrogen levels. 

At silking, October 1I,82 percent of the plants grown under the no-tillage system had silk 
visible outside the husk, while only 57 percent of the plants under conventional tillage 
showed visible silk. At this stage, neither tillage system nor fertilizer level affected the 
total dry matter production of the corn, but the interaction between the tillage practice and 
fertilizer level was significant (P<0.01) as shown in Figure 6. 
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Table 3. 	Total Dry Matter Production of Corn (Suwan 1)
as Affected 
 by Tillage Treatment and Fertilizer
Level at Three Sampling Dates in the 1984
Growing Season at Farm Suwan.
 

Sampling Date Fertilizer Level (kg rai- ) 
 Mean an d M ea n
 Tillage 0-0-0 0-10-10 10-10- 0 20-10-10) 30-10-10 20-10-0 20-10-20 

..................... kg rai-.........................
 

Sept. 20, 	 1984 

No-tillage 281at 2691 3 64a 356a 376a 3 68a 343a 337 
Conv. tillage 227bc 28821 Ic a 247ab 253abc 236bc 256abc 249 
Mean 2541) 240b 326a 315a 315a 302a 	 300a 
C.V. (%) Tillage 20.4, Fertilizer = 9.9, Tillage x Fertilizer = 13.1 

Oct. 11, 1984 

No-tillage 900a II 60a735a 11 40a 982a 1060a 1010a 997 
Conv. tillage 779a 9 15a 1010a 970a 1050a 996a 994a 959 
Mean 840 825 1280 1060 1020 1030 	 1000 
C.V. (%) 
 (P<0.01) 	Tillage = 15.1, Fertilizer = 17.0, Tillage x Fertilizer = 8.8 

Nov. 22, 1984
 

No-tillage 1350a 1450a 1590a 
 1710a 1600a 1730a 1790a 1600 
Conx. tillagc 13 10a 1380a 1660a 15 i0a 1480a 1560a 1670a 1510 
Mean 1330a 1420a 1620a 1620a 1540a 1640a 1730a 
C.V. (%) Tillage = 12.6, Fertilizer = 16.4, Tillage x Fertilizer = 7.4
 

t In a row, inean, fllow d by the ai 
 Icletrt ircnot s~itificantly different at the :7cprobability level by

D)uncan 'sMultiple Range l'c,tt)MRTt.
e 

The dat,, obtained from the final harvest on November 	22 also showed no significantdifferences in the total dry matter production with regard to the tillage and fertilizertreatment, although corn grown under the no-tillage system tended to higher dry matterproduction (Tabie 3). Grain yield showed the same trend (Table 4). This was attributed tothe relatively high fertility status of the Pak Chong soil. 
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Figure 6. 	 Total Dry Matter Production of Corn (Suwan 1) Grown 
on Pak Chong Soil at Farm Suwan on October 11, 1984 
(57 Days After Planting). 

Water Use 	and Water Use Efficiency of Corn 

rhe actual values of cvapotranspiration could not be calculated since the amount of rainfall 
percolation below the 90 cm depth was not measured. Therefore, in this investigation the 
term "water use" is defined as the evapotranspiration plus the anount of water percolated 
below the 90 cm soil layer, i.e., the sum of soil water depletion from 0 to 90 cm plus 
rainfall. In the 1984 growing season, the term "water use" should closely approximate the 
evapotranspiration because there was only one rainfall event on October 19 (64.8 am) that 
might have caused watel to percolate below the 90 cm depth. The amount percolated, 
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Table 4. Grain Yield of Corn (Suwan 1) as Affected by
Tillage Treatment and Fertilizer Level in the
1984 Growing Season (Aug. 15 to Nov. 22) at 
Farm Suwan. 

Tillage Practice Fertilizer Level (kg rai-J) Mean 

0-0-0 0-10-10 10-10-10 20-10-10 30-10-10 20-10-0 20-10-20 

....................... kg rai ' . . . . . . . . . . . . . . . . . . . .
 
No-tillage 515atJ- 513a 563a 607a 565a 613a 633a 573 

Conv. tillage 471a 493a 588a 544a 524a 552a 593a 538 
Mean 4 93a 503a 576a 576a 5 45a 583a 6 13a 
C.V. (%) Tillage = !3.2, Fertilizer = 16.6, Tillage x Fertilizer = 7.7 
t In a row, means followed by the same letter are not significantly diffeiret -.,;he3%i,prooabi1iiy levelby

Duncan's Multiple Range Test (DMRrT). 

however, could not have exceeded 3 to 4 cm and one would expect slightly lowerpercolation tnde the drier conventional tillage system (Figure 4). It was assumed thatthere was no runoff occurring a- any given rainfall event. This is a valid assumption sincethe experimental plots were located on a rand surface of essentially zero slope. 
The water ase efficiency of corn was calculated by dividing the grain yield and/or the totaldry matter production in kg/rai (6.25 rai = I ha) with the plant water use in cm. In otherwords, it is the grain yield and/or the total dry matter production per unit of water us,
(kg/cm/rai). 

Table 5 reports the water use and water use efficiency of corn in the 1984 growing season(August 15 to November 22). Neither the tillage system nor the fertilizer application levelcaused a drastic change in the water use of corn. This result, however, was not surprisinginview of the uniform rainfall distribution which prevailed during this period. Thisdistribution enhanced the uniform growth and development of the corn plants. The water use of corn in the first year experiment was 56.6 cm. 

In contrast, the water use efficiency of corn under the no-tillage practice was consistentlygreater than that for the conventional tillage system at all fertilizer levels. The mean wateruse efficiency for the conventional and no-tillage systems was 9.5 and 10.2 kg(grain)/cm/rai, and 26.6 and 28.5 kg (total dry matter)/cm/rai, respectively. Also, the useof fertilizer, particularly nitrogen, tended to increase the water use efficiency of corn(Table 5). This was attributed to the lower water use rate of corn (total dry matterproduced/unit of water use/day) associated with the no-tillage and fertilizer treatment at allgrowth periods (Table 6). Table 6 also indicated thai the water use rate of corn drasticallydecreased with time. The plant water use rate was .- lculated by the following equation: 

U = (W2 - W I) In(M 2 / MI) 
(t2 - t)(M 2 - Mi) 
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Table 5. 	Water Use and Water Use Efficiency of Corn 
(Suwan 1) as Affected by Tillage Treatment and 
Fertilizer Level in the 1984 Growing Season at 
Farm Suwan. 

Tillage Practice 	 Fertilizer Level (kg rai-1 ) Mean 

0-0-0 0-10-10 10-10-10 20-10-10 30-10-10 20-10-0 20-10-20 

Water use ............................ 0 1 ............................ 

No-tillage 54.8 56.9 53.4 57.1 56.6 57.1 56.9 56.1 

Conv. tillage 55.9 57.6 61.6 55.1 56.4 56.1 56.1 57.0 

Mean 55.4 57.3 57.5 56.1 56.5 56.6 56.5 56.6 

Water use 
-I  1 effi ciency ........................ kg cu rai ........................ 

Grain Yield 

No-tillage 9.4 9.0 10.5 10.6 10.0 10.7 11.1 10.2 

Cony. tillage 8.4 8.6 9.5 9.9 9.3 9.9 10.6 9.5 

Mean 8.9 8.8 10.0 10.3 9.7 10.3 10.9 9.9 

Total dry 
matter 

No-tillage 24.7 25.5 29.7 30.0 28.2 30.3 31.4 28.5 

Cony. tillage 23.4 24.1 27.0 27.9 26.3 27.7 29.8 26.6 

Mean 24.1 24.8 28.4 29.0 27.3 29.0 30.6 27.6 

where U is the plant water usc rate (g/g/day), W is the plant water use (g/rai), M is the 
lotal dry matter production (g/rai), and t is plant age (day). The subscripts refer to the 
successive harvests. The equation allows fbf the exponential nature of plant growth. This 
equation was also used by Na Nagara and DeDatta (1984) for the uptake rate of plant 
nutrients by rice. 
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Table 6. Water Use Rate of Corn (Suwan 1)as affected
by Tillage Practice and Fertilizer Level Duringthe 1984 Growing Season at Farm Suwan. 

Water Use RateTreatment 

28 Aug-20 Sep 20 Sep-lI Oct 11 Oct-22 Nov 

.............. ..............
 g- day-1 
..
 

No-tillage
 
0-0-0 
 110 20 7.4 
30-10-10 80 18 6.6 
Mean 95 19 7.0 

Conv. tillage 
0-0-0 110 24 8.4 
30-10-10 120 21 6.6 
Mean 110 22 7.5 

Mean 100 20 7.3 
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Introduction 

Literature Review 

Effect of Soil Crust and Mechanical Impedance on the 
Emergence of Corn Seedlings 

V. Verasan 
Kasetsart Universit', Bangkok, Thailand 

ABSTRACT. General inJ'rination about soil crusting, the nature of its occurrence, some 
physical properties and the results of experinents on the effects of soil crusting on the 
emergence of plant seedlings are discussed. 

A prototype of a pneunatic penet,'oneter was developed. The instrument was designed to 
measure the resistance to penetration of a thin soil crust in the laboratory. Thrust of the 
probe was tested as it operated against an electrical top-loading balance. Test results were 
satisfactoty. The pneumatic penet,omneter was used to measure the penetration resistance of 
soil crust at different moisture contents. Curvilinear relationships were observed for the 
inaximuni penetration resistance and the penetration energy as finctions of crust moisture 

content. Emnergence oj corn seedlings was tested in a small wooden box. At a crust 
moisture content of 15 percent, the emergence of corn seedlings was severelv obstructed. 
As estimated firon the equations at this inoisture content, corn seedlings which emerge 
must develop a thrust of 8.56 N (1.92 lb) and spend a nechanical energy of 5.32 N cm 
(0.0532 .1). 77w breaking pressure of corn coleoptiles through soil crust under these 
conditions was found to be 27.6 bars. 

of the KampangsanSoils classified as the Kampangsan (Ks) series cover large areas 

Campus. Although these soils are potentially productive according to their P and K si tus,
 

hard surface crusts are readily formed on them and this posc,. a serious constraint to crop
 

production. For reasons yet unknown, the surface aggregates are not stable in water. As it
 
rains or as the soils are irrigated, soil particles disperse and then reorient, resulting in a
 

dense layer a few centimeters thick at the soil surface. This layer becomes hard upon
 

drying and forms a str-;ng crust. Severe impedance to the emergence of seedlings has been
 

observed.
 

Some physical properties related to the strength of the crust were examined. The 

penetration resistance and the penetration energy exerted by corn seedlings when emerging 

were predicted by means of a pneumatic penetrometer. Experimental tests on the 

emergence of corn seedlings were also performed. 

Causes and strength of crusts were studied by Carnes (1934) for several types of soil. It 

appeared that crust strength depended to a certain degree on silt content. Changes in 
physical properties of the crust were observed by Lemos and Lutz (1975). They showed 

that the fraction of finer particles in crusts tended to increase and that larger particles 

tended to decrease. 

A common met!",l used to produce crusts in the laboratory is to soak soil in water 

(Carnes, 1934: Lemos and Lutz, 1957; Morton and Buchele, 1960). Crusts prepared 

differently yield different strengths. High modulus of rupture was the result of surface 

disturbance (Lemos and Lutz, 1957). Moisture content is negatively correlated with crust 

strength (Bennett et al., 1963; Hanks and Thorp, 1956; Lemos and Lutz, 1957). 

Two indices are normally used to describe crust strength. These are the modulus of 

rupture (Allison and Moore, 1956; Carnes, 1934; Hanks and Thorp, 1957; Lemos and 

Lutz, 1957) and the penetration resistance (Drew et al., 1971: Hanks and Harkness, 1956; 

Morton and Buchele, 1960; Terry and Wilson, 1953). Morton and Buchele (1960) and 
Drew et al. (1971) fabricated penetrometer probes to simulate a corn seedling emerging 

through a soil crust. The emergence force of seedlings may be measured directly with a 
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Materials and Methods 

Preparation and Testing of
the Crusts 

Tests on Soil Physical
Properties 

ring-force transducer (Drew et al., 1971; Rathore et al., 1981). Some workers havereported that the thrust exerted by plant seedlings to emerge upward through a crustdepends on species and existing crust strength. For example, a thrust of 0.6 lb (2.7 N)was reported for cotton (Drew et al., 1971), whiie a 50 percent reduction in theemergence rate of the same species was predicted for 1.6 lb (7. i N) of crust strength(Bennett et al., 1963). A 50 percent reduction in emergence for sorghum was found at500 mbars modulus of rupure (flanks and Thorp, 1957). Rathore et al. (1981) found thatthe maximum thrust for soybean seedlings was between 127 and 190 g (1.25 to 1.86 N)
depending upon variety. 

The size of laboratory experiments on the emergence of seedlings is limited (Bennettal., 1963; Hanks etand Thorp, 1956). Limitations are due mainly to difficulties in preparingcrusts. Differences were reported concerning the effect of depth of seed on emergence(Drew et al., 1971; Hanks and Thorp, 1957; Morton and Buchele, 1960). 

The Pneumatic Penetrometer 

Assembly of the pneumatic penetrometer is shown in Figure 1. The penetrometer probewas fabricated to simulate the average size and shape of a corn coleoptile (0.2 cmdiameter, 4.3 cm in length, in
solid brass cylinder) except that it had a flat tip. Thisinstrument is operated with the pressure manifold of a pressure membrane apparatus.compressed air is conducted through a ;ct 

As
of two regulators into the chamber,created causes the thrustthe piston (and the probe) to move against friction and spring recoiltotal resistance). The total resistance was evaluated 

(the 
as the penetrometer operates with noload, and was then established as a linear function of probe displacement. Total resistancecould be predicted at a given displacement by the use of a calibration equation (Eq. 3).Another equation provides for calculating the net force at therprobe tip (Eq. 1). The rangeof validity of measurement was tested with a 2 kg (19.62 N), 0.1 g sensitivity, top-loading

balance. 

Soil was sieved through a 0.5 mm sieve. Crust was prepared in a box (Figure 2a) by theaddition of water to field capacity and then puddling while the surface was wet. Crusts ofdifferent moisture contents were obtained by varying the time of evaporation in thelaboratory. Tests for penetration resistance were done on a test bench (Figure 2b).Selected crust was wrapped with a sheet of aluminum foil, 2 holes (I cm diameter) werecut on opposite sides to allow passage of the probe. The crust was laid upside down onthe bench and after the holes were aligned, the probe was moved through it. 

The particle density of the soil was determined by the pycnometer method and bu'k densityby the paraffin method. Mechanical analysis was done by the conventiondl pipeite method.Time intervals of suspension sampling ranged from 5 s to 48 h, and particles were gradedfrom 0.1340 to 0.0007 mm in equivalent spherical diameters. 

Moisture characteristics were obtained at 6 pressure increments, from I to 15 atm.Saturation pore diameter (d, p.), corresponding to a pressure (P) in atm, was estimated
from: 

d=0.3 × 104
 

1033 P 
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Pressure hose jacket 

5.13 cm 

T 
2.91 cmI N ' 

Coupling 
screws 

0 -ring 

4.3 cm 

Piston (diameter 1.55 cm) 

Syringe 

Spring 

Penetrometer probe 

Figure 1. The Pneumatic Penetrometer Assembly. 

The volume percentage of pores smaller than d, X, was estimated front: 

X v x 100 
E 

where v = moisture by volume, and E = total porosity of the moist soil. 

[2] 
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Figure 2. (a) The Crust Preparation Box (b) the Test Bench and 
(c) the Press Bed. 

Seedling Emergence Test 

The effects of impedance of crust on the emergence of corn seedlings were tested in apress bed (Figure 2c). Foundation soil, prepared to the size of the frame, was wrappedwith aluminum foil. Three holes in each of two rows were punctured through the foil andgerminated coin seeds (var. Suwan I) were embedded in them. A perfect crust plate waslaid on top of the foundation soil and pressed firmly by means of screws. The whole unitwas kept in a moist plastic bag for seven days before the emergence test. Remnants of the
crustplate were collccted for moisture determination. 
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Results and Discussion Physical Properties 

Stratification into layers was induced in the crust as observed in Table I and Figures 3 
and 4. It seemed that the crust was divided into two layers at a 1 cm depth. The 
unintended layering may have occurred through puddling. Ignoring the appearance of this 
boundary, it seemed that sand was accumulated at the bottom (0.5 to I and 1.5 to 2 cm 
depth intervals) and silt at the surface (0 to 0.5 and I to 1.5 cm depth intervals) of the 
crustplate. Clay. on the other hand, accumulated in the middle of the crust. These 
phenomena could be explained by the fact that as; soil particles dispersed, the faster settling 
velocity of sand caused it to deposit underneath the silt. Clay, having the slowest settling 
velocity, ought to have accumulated on top of the other particles unle:,, its size was 
smaller than the voids between the silt and sand. It appeared that clay could be leached to 
a certain depth through the voids. 

Table 1. 	Physical Properties of Soil Crust as Compared to 
the Ks Soil. 

Particle Size Depth Interval (cm) 	 Ks soil 

0-0.5 0.5-1 1-1.5 1.5-2
 

Mi lt 	 ....... ............... ..% ............I.. ..... ....
 

0.5- 0.02 	 40.00 42.50 39.50 43.00 

0.02-0.002 	 28.10 23.25 26.25 1.00 

< 0.002 	 31.90 34.25 34.25 33.00 -

Bulk Density 

"3 . . . . . . . . . . . . . . . . . . . .... ......... .. ....... g cm .....
 

1.661 1.602 1.558 1.552 1.561 

Porosity, E 

. . . . . . .. . . . . . . . I . . . . . . . . . o. . ...o, o . . . . . % . . . . . . . , 

35.07 37.37 39.09 39.38 38.98 

Pore Size 	 Distribution 

..............................................
 

> 10 	 24.75 28.25 30.30 33.00 29.75 

10-0.2 	 39.45 38.85 39.70 38.75 41.25 

< 0.2 	 35.80 32.90 30.00 28.25 29.00 
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Figure 3. 	Particle-Size Distribution in Crust Slices, 0-0.5, 0.5-1,
1-1.5, and 1.5-2 cm Intervals. 
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Figure 4. 	Pore-Size Distribution in Crust Slices, 0-0.5, 0.5-1,1-1.5, and 1.5-2 cm Intervals as Compared to the 
Original Ks Soil. 

362 

http:0.5-0.02


The crust appeared to be most dense at its surface and the density decreased with depth
(Table 1). The packing density of soil particles in the crust was confirmed by pore-size
distribution (Figure 4). Bulk density of the crust plate was slightly higher than that of the 
original soil at the same moisture content. 

Performance of the Pneumatic Penetrometer 

The relationship between total resistance (friction + spring recoil) and probe displacement
is shown in Figure 5. Total resistance (R) in N can be described as a linear function of
 
displacement (X) in cm as follows:
 

R = 2.071 + 6.895 X 	(r = 0.991**). [31 

From this relationship, the friction and the spring constants are 2.071 N and 6.895 N/cm, 
respectively. 

As the penetrometer is cperated against load, the net force (F) at the probe tip is the
 
difference between air thrust and the resistance. In other words,
 

F =4.446 PA - R 	 [41 

18 

16 00 

14

120
 

C loS10

28 

4 - r = 0.991* 

0 	 0.4 66 0.8 1.2 1.6 2.0 
Displacement (cm) 

Figure 5. Relationship Between the Total Resistance (R) and the 
Displacement (X) of the Penetromecter Probe. 
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P and A represent air pressure (psi) and the area of the piston (in2), respectively. The
coefficient of the first term on the right of Eq. 4, 4.446, is the erosion factor in lb or N. 

Substituting for values of R and A, Eq. 4 becomes 

F = 1.298 	P - 6.895 X - 2.071. [5) 

Equation 5 	 is used to estimate the net force at the probe tip from the displacement of the 
probe and the air pressure in the piston chamber. 

Figure 6 illustrates the relationship between the force calculated and the corresponding
load as thrust is applied against the balance pan. A very close one-to-one relationship
indicates that the penetrometer can be used with confidence for measurements of crust 
penetration resistance. 

20 

18 -J 

16 / 
/ 

14 

•/
 

12 	 / 

"o 10 
0 0-J 

8 /= L=0.158 + 0.961 F 
/ • r = 0.999** 

6 

4 . 

00 

0 2 4 6 8 10 12 14 16 18 20 22 

Net force (N) 

Figure 6. 	Validity Test of the Pneumatic Penetrometer. Load was 
Measured with a 0.1 g Sensitivity Electrical Balance and 
Net Force was Calculated by Equation 5. 
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The force needed for the probe to penetrate through the crusts at various moisture levels 
was plotted against depth of penetration (Figure 7a, b). Failure to emerge depended upon 
crust moisture. For crust moisture contents higher than 12.73 percent the crusts appeared 
to bear some resistance after shearing. At this moisture content and lower, the crusts 
sheared abruptly after the maximum penetration force was obtained. The remaining 
resistance could be attributed to the friction between the soil mass adhered to the metal 
skin and that in the traveling path of the probe. Also, it appeared that for crust moisture 
contents lower than 17.14 percent, thrust per unit increment of depth increased 
significantly. 

50 

45(a)
 

40 

40 2 7.70% 	 (b)4
 
35 6.41% r 

35 2 1/ 
A' 1 

1 	 -3 9.68% 
30- 8.65% 	 rA' 

I A 
zi f25

25 -2A I 

o La 

a) Aa"A I 2020 10.80% 
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/ 10.95% 	 15 /' 11.63%15 up10.83% 

i 12.53%15%45% 
' '" 
/ F ... . 12.73%10 11A, . 

Al 

22.32% -19.00%/ 522 	 19,0017.14% 23.87% 

- -" N. 	 ,------ _- O 0 

0 	 0 ...... 

0 	 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0 

Displacement (cm) Displacement (cm) 

Figure 7. Development of Penetration Force as the Penetrometer 
Probe 	Moved in the Upward Direction Into the Crusts 
at Different Moisture Contents. 
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In order to demonstrate tie effect of crust moisture on the emergence force of the probe,the maximum penetration resistance (max. PR) was plotted against moisture content (Ow)(Figure 8). The exponential increase of max. PR upon reduction of crust moisture can be
described by 

In (max. PR) = 8.327 - 2.72 In (0w) (r = 0.958**). [6] 
The mechanical energy required for emergence of the probe is defined as the areaunderneath the penetration force displacement curve from zero displacement (2 cm depth)to shearing position. This is the penetration energy (PE). The negative exponential
relationship of PE with Ow can be represented by 

In (PE) = 6.465-1.762 In (Ew) (r = 0.830**). [7]
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0 1 1 
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Figure 8. Dependence of the Maximum Penetration Resistance 
(max. PR) on the Moisture Content of the Crust (0w). 
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Figure 9. 	Dependence of the Penetration Energy (PE) on the 
Moisture Content of the Crust (0w). 

Ranges of max. PR observed were 2.104 to 40.013 N and 1.000 to 21.981 N cm for PE 
in response to reduction of moisture from 23.87 percent to 6.41 percent. A thrust 
equivalent to 129.07 bars was required to push a cylindrical object through the crust. It 
was observed that moisture content at the flex points on the two curves was around 
15 percent. Since this value denoted a sharp increment in the resistance, it seemed to be a 
crit;cal crust moisture level for seedling emergence. 

Results of emergence tests of corn seedlings revealed that impedance began as crust 
moisture decreased to 20.87 percent and became pronounced at 15.18 percent (Table 2).
The critical moisture for emergence coincided with the moisture content at the flex points
of the max. PR and PE curves. At this critical moisture level, a corn seedling that 
emerges from the crust must exert a thrust of 8.56 N or an equivalent apical pressure of 
27.61 bars. Corn seedlings must also develop a mechanical energy of 5.32 N cm 
(0.0532 J) for emergence from 2 cm underneath the crust at critical moisture. These 
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Table 2. The Effect of Impedance of Soil Crust on 
Emergence of Corn Seedlings. 

Moisture Max. PRt Penetration PE§ No. of Emerged 

Pressuref Corn Seedlings 

% by wt N bars N cm 

9.80 27.5 88.8 13.2 0 

13.8 34.2 6.29 110.2 

15.2 8.56 27.6 5.32 0 

20.9 4.15 13.4 3.04 4 

23.4 3.22 10.4 2.49 6 

t in (max. PR) = 8.327-2.272 In (0w)
f Penetration pressure = 3.226 (max. PR) bars 
§ In (PE) 6.465-1.762 in (6w) 

Out of a total of six sprouting seeds 

values were predicted from Eqs. 6 and 7, respectively, and are assumed to be the limitsfor corn seedling emergence. Bennett et al. (1963) reported values of 7.1 N for 50 percentreduction of cotton seedling emergence and Rathore et al. (1981) reported a maximum emergence force between 1.24 and 1.86 N for soybean seedlings. If the areas of theemerging organs of cotton and soybean seedlings were two and four times the area of theprobe tip used in this experiment, the estimated apical pressure of the two species wouldbe 11.45 and 1.25 bars, respectively. Corn seedlings appear to endure a higher magnitude
of crust impedance than soybean seedlings. 

Conclusion The soil crust was found to be stratified after preparation in the laboratory. Sand had atendency to be accumulated at the bottom, silt at the surface, and clay in the middle of thecrust plate. Bulk density was highest at the crust surface and decreased with depth.Pore-size distribution data confirmed the density of particle packing. 

Penetration resistance was inversely related to crust moisture. The maximum penetrationresistance and the penetration energy were found to increase exponentially as crustmoisture decreased. Flex points on the two curves occurred at the moisture content atwhich the emergence of corn seedlings was inhibited. The resulis of the seedlingemergence tests suggested that the moisture of the surface layer of this soil must be kepthigher than 20 percent during the emergence of corn seedlings. This might beaccomplished by frequent watering, mulching, or treating the soil surface with chemicalsof high hygroscopicity. Emergence and growth of seedlings in the field might besimultaneously controlled by such factors as climate, management p- ctices and the soil 
itself. 
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Suggested Research First Category-Nature and properties of crust on soil of various textures. Topics might 
include: 

- Stratification of soil crust into layers, and the relationship of crust strength to moisture 
content. 

- Interrelationships among factors affecting strength and seedling emergence. Such factors 
include moisture content, bulk density, 02 diffusion rate, depth of seed sowing, and 
others. 

- Development of methods to measure crust strength in situ that correlate well with 
emergence of plant seedlings. 

Second Category-Assessment of mean maximum th'ust of seedlings of cash crops. Ways 

to do this might be: 

- To grow seeds under crust blocks of known weight, or a ring-force transducer. 

-	 To grow seeds under crusts of various strengths to determine zero emergence. 

Third Category-Methods to overcome crust impedance. Possible ways to do this might 
be: 

- To avoid crusting condit;,)ns (in rainfed agriculture), sow seeds in moist soil with the 
expectation of no rain .ring the emergence period. 

- To deci'ase crust strength by: 

" managing the moisture content of the topsoil, or 

" 	 applying a soil conditioner (organic matter, or flocciulating cations) to the soil 
surface. 
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Soil, Water and Fertilizer Management for Corn- and 
Sorghum-Based Cropping Systems 

A. Suwanarit 
Kasetsart University, Bangkok, Thailand 

ABSTRACT. Corn and sorghum have been consis'ently grown in the lowerparts of the 
North and Northeast regions, and the upper centralplain. Major soils of the corn and 
sorghum belt are Reddish-Brown Lateritic, Grumusol, Rendzina soils and Brown Forest 
soils, while the ajor soils of the Northeast are Gray Podzolics, Red-Yellow Podzolics and 
Red-Yellow Latosols. Available moisture capacitiesof majorsoils of the corn and sorghum 
belt are low and those of the major soils of the Northeast are even lower-so low, in fact, 
that soil may supply water to corn for only 15 days or less. In addition, the major soils of 
the Northeast are highly erodibleand highly susceptible to surface crustformation. 

Both the major soils of the corn and sorghum belt and those of tile Northeast were often 
found to be deficient in N and P. Some of these, especially the light-textured ones tend to 
be deficient in K. Sulfur deficiencies were found on some acidic soils, whereas Zn 
deficiency has been noted on some calcareoussoils. 

Mathematicalequationsfor calculatingthe quantity offertilizer to be appliedfor corn and 
sorghum fron soil chemical tests have been establishedfor P, but not for N and K. 
Appreciable research has been devoted to the selection of soil tests for N, P and K but 
further research is still needed. Variety/cultivarwas shown to be a factor affecting 
fertilizer rate. Delayed application of NP or NPKfertilizer may be superior to early 
application when crops are under moisture stress. Research has shown that the best 
applicotionmethods are banding for N and broadcastingfor P, but bandingfor both N 
and P are recommended when ease of application is considered, because the advantage of 
placement is slight. NO3-I seems to be superior to NH4-N, but this needs further study. 
Rock phosphate is slightly less effective in acid soils than readily soluble phosphate 
fertilizers, and is most effective when mixed with readily soluble phosphate. Research is 
needed to determine the efficiency of this materiai in neutral and calcareoussoils. Similar 
fertilizer management is recommendedfor corn- nr sirghum-basedintercropping. 

Shalv, plowing or hoeing to break surface crusts, changing land surfacefeatures to 
plateausor ridges, and plant residue mu!ch and/or incorporationare recommended, 
especiallyfor major soils of the Northeast. 

Introduction 	 Since 1977 the areas consistently producing corn have been, in descending order of total 
area, Phetchabun, Nakon Raichasinia, Lcpburi, Loei, Nakon Sawan, and Saraburi, 
whereas those producing sorghuair haw been Lopburi, Nakon Sawan, Saraburi, 
Phetchabun, Nakon Ratchasima, Uthai Thani, and Srisaket (Anonymous, 1982). Detailed 
Reconnaissance Soil Maps of these provinces published by the Department of Land 
Development indicate that the major soils of the corn and sorghum belts of Thailand are, 
in descending order of total area, Reddish-Brown Lateritic soils (Oxic Paleustults), 
Grumusols (Typic Chror.,usterts), Rendzinas (Typic Calciustolls), Brown Forest soils 
(Typic Ustropepts), Noncalcic Brown soils (Lithic Haplustalfs) and soils with lighter 
textures ranging from sandy loam to loamy sand which include Gray Podzolic soils (Oxic
Paleustults), Red-Yellow Podzolic soils (Oxic Paleustults and Typic Plinthustults), Red-
Yellow Latosols (Oxic Paleustults) and Low-Humic Gley soils (Plinthaquults). The 
dominant soil series consistently devoted to corn and sorghum production are Pak Chong,
Loei, Chok Chai, Chai Badan, 	Takhli and Lopburi. Nevertheless, the major soil series of 
Northeast Thailand are Korat, Roi Et, Phon Phisai, Nam Phong, Ubon, Warin, Satuk,
Phen, Yasothon, Phimai and Tha Tum (see Table I for taxonomy); the percentage in each 
series by total area of the Northeast is 20.1, 16.5, 9.3, 3.0, 2.5, 2.0, 1.8, 1.3, 1.2, 1.2, 
and 1.0 percent, respectively. The major soils of Northeast Thailand are, therefore, not the 
major soils of the corn and sorghum belt. 



Table 1. Soil Series Covering One Percent or More of the 
Total Area of Northeast Thailand 
(Keeratikasikorn, 1984) 

Soil Series Great Great Group Percent of 
Soil Group 
 (US Soil Total Area 
(USDA. 1938) Taxonomy of the 

Northeast 

1. Korat (Kt) Gray Podzolic Paleusrults 20.05 
2. Roi Et (Re) Low-Humic Gley Paleaquults 16.47 
3. Phon Phisw.' (Pp) Red-Yellow Podzolic Plinthustults 9.34 
4. Nam Phong (Ng) Regosol Quartzipsamments 3.0 
5. Ubon (Ub) Hydromorphic Regosol Dystropepts 2.46 
6. Warin \ i) Rea-Yellow Podzolic Paleustults 2.00 
7. Satuk (Suk) Red-Yellow Podzolic Paieustults 1.83 
8. Phen (Pn) Low-Hunic Gley Plinthaquults 1.31 
9. Yasothon (Yt) Red-Yellow Latosol Paleustults 1.18 

10. Phimai (Pm) Hydromorphic Alluvial Tropaquepts 1.20 
11. Tha Turn (Tt) Low-Humic Gley Paleustults 1.03 

Total 59.87 

Since the major soils of the Northeast are not the major soils widely used for corn andsorghum production, the discussion which follows will distinguish these two groups of 
soil. 

Physical Properties of the Available moisture capacities of the major soils of the corn belt are low, ranging fromSoils 58.2 to 111 mm/m soil. The capacities of the major soils of the Northeast are even lower,
ranging from 28.5 to 50.1 mm/m soil (Table 2). Kubota et a!. (1979) estimated that these
soils would supply water to plants for only about 15 days or less and that most field crops, except for sorghum and sugarcane which are deep rooting, would suffer from waterstress if dry spells continued for more than three weeks during the growing period. This
has actually been observed in the field. 

From studies on physical properties of soils, Kubota et al. (1979) concluded that, with the
exception of Grumusols, Rendzinas, Reddish-Brown Latosols and clayey Reddish-Brown
Lateritic soiis, most of the upland soils were highly erodible and highly susceptible tocrust formation or soil sealing, which markedly decrease infiltration of rainwater in the 
soil. 
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Deficiencies in Major 
Nutrient Elements 

Table 2. 	Available Moisture Capacities of Major Corn
 
Belt Soils and Major Upland Soils of Northeast
 
Thailand (Kubota et al., 1979).
 

Great Soil Groups 	 Available Moisture Capacity 

Mean 	 S.E. 

........ mrnm-1  soil depth .........
 

Corn Belt 	Soils 

Regosol 	 58.2 3.0 

Grumusol 	 107 

Rendzina 	 111 13.5 

Brown Forest 	 83 

Noncalcic 	 Brown 106 26.5 

Reddish-Brown Lateritic 87.3 	 12.9 

Reddish-Brown Latosol 80.5 	 39.4 

Major Upland Soils of the Northeast 

Gray Podzolic 	 50. i 19.2 

Red-Yellow Podzolic 28.5 	 14.5 

Red-Yellow Latosol 29. 1 	 11.6 

Corn 

Results of fertilizer trials on Reddish-Brown Lateritic, Noncalcic Brown and Brown Forest 
soils in farmers' fields of the corn belt during the past 10 years indicated that the soils 
were appreciably different in their macronutrient status, especially for N and P. For 
instance, Thawornmas et al. (1975), Panitchkul et al. (1976) and Boon-ampol et al. 
(1981b) reported large responses to either N or P fertilizer or both, in Lopburi, Nakon 
Ratchasima, Phitsanulok and Nakon Sawan. However, Boon-ampol et al. (1978b) and 
Meesawat et al. (1981a) conducted trials in the same provinces as the preceding workers,
but reported large responses to N or P fertilizer or both at some sites and little or no 
response at others. Boon-ampol et al. (1981b) were the only investigators to assess the 
response to potassium of corn, which they grew on Reddish-Brown Lateritic soils at 15 
sites. They concluded that the soils were not deficient in K. The NH 4OAc-extractable K 
of the soils was in the range of 40 to 313 ppm K, though appreciable increases in yield 
were obtained from K fertilization. Extractable K was in the range of 57 to 400 ppm
(Boon-ampol et al., 1977; Boon-ampol et al., 1978b; Meesawat et al., i981a; Panitchkul 
et al., 1976; Thawornmas et al., 1975). 
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Deficiencies in Secondary 
and Trace Elements 

Few investigations have been reported on the response of corn to fertilizer on major soilsof the Northeast. Suwanarit et al. (1979c) obtained large responses to N fertilizer on Koratseries soil at the Northeast Agricultural Center (the Regional Office of Northeast
Agricultme and Cooperatives) at Tha Pra, 
Khon Kaen, Duangpatra and Oscftsapar, andobtained positive responses to phosphate fertilizer applied to soils of the Korat (at KhonKaen) and Yasothon series. Gur:.marohit et al. (1979) also reported positive responses todouble -,uperphosphate by corn grown on a Korat series soil. Based on a pot experiment,Suwanarlt and Narkviroj (1975) reported that soils of the Korat series were too low in K
for optimum corn production. 

Sorghum 

During the past ten years, only a few trials on crop response to ferilizers were conducted 
on major soils of the corn and sorghum belt, while an appreciable number of trials, mostlyat experimental stations, were conducted or, major soils of the Northeast. 

Results of trials on major soils of the corn and sorghum belt generally indicateddeficiencies in N and lP(Boon-ampol el al., 1978a, Jermplung et al., 1979; Meesawat et
al., 1978; Meesawat et al., 1981b; Panitchkul et al., 1979). However, the fertility level ofsoils varied to such an extent that the grain yields differed by a factor of four- to five-fold(e.g., Meesawat et al., 1978). No trials were found which involved K. 

On major soils of the Northeast, a number of trials wer condiucted with sorghum, most ofwhich were devoted to N and P. Trials on soils of the Korat, Roi Et and i'asothon seriesseemed to indicate appreciable variation in response to applic.atioDs of primary nutricn-is a(different sites. There was less response of sorghum to N and P fertilizcr on soils of theKorat and Yasothon series compared with soils of the Roi Et series (Boon ampol et al.,1976; Panchaban and Pipatveerawat, 1975; Thawornmas et al., 1976; Thawornmas et al.,1977a; Thawornmas et al., 1977b). In most cases, the Roi Et series soils responded to theapplication of N and P fertilizers (Boon-ampol et al., 1975; Panitchkul and Boon-ampol,1976; Boon-ampol et al., 1977; Boon-ampol el al., 1978d). Positive crop responses were
also obtaineo in several trials where K fertilizer was 
applied to Roi Et soils (Boon-ampol
 
et al., 1979a; Boon-ampol et al., 1979b).
 

In the past, investigations on secondary and trace elements were mostly on corn. Resultsof the trials demonstrated deficiencies in S and Zn at some locations in both major soils of
the corn and sorghum belt and major soils of the Northeast. Sulphur seemed to be

deficient in some 
of the acid soils whereas Zn was limiting in calcareous soils. 

Guramarohit et al. (1977) conducted trials in farmers' fields in the corn and sorghum belt
and found incieases in corn grain yields with application of secondary nutrients (Ca, 
 Ig
and S applied together) on Pak Chong series soils at some sites, but no response at othersites. On Lopburi, Ban Chong and Sataheep series soils they found positive responses toboth secondary and trace elements. Results obtained by Siddhipote et al. (1970),Phetchawee el at. (1971), Guramarohit et al. (1976), and Guramarohit et al. (1977)indicated strong responses to sulphur on soils of the Korat (one site), San Pa Ton andSappraya series, and positive trends on soils of the Yasothon, Warin and Korat 'eries.Besides variation in response to sulphur among different soils and at different sites,variation in response to sulphur among corn cultivars was indicated from the results ofGuramarohit et al. (1976). These workers found significant responses to sulphur by sweet 
corn but found only slight responses by field corn in adjacent plots. 

In a pot study, Vacharotayan el al. (1972) found positive crop response to Zn applied toPak Chong series soil that was collected from the National Corn and Sorghum Research 
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Center. Field trials on Grumusols and Rendzina soils indicated strong responses to Zn at 
four sites, and positive trends at five sites (Ratanarat et a., 1980; Ratanarat et al., 1981). 

In another pot study, Vacharotayan et al. (1972), reported positive responses of sorghum 
to S and Zn fertilizers which were applied to soils of the Loei, Pak Chong, Takh[ ..nd 
Korat series. 

Fertilizer Management Kinds of Fertilizer 

From the earlier discussion, it can be concluded that nutrient deficiencies in soils both in 
the corn and sorghum belt and in the Northeast occur more frequently for N and P and 
less frequently for K, S and Zn. Thus, the N and P status of soils should receive primary 
focus when addressing infertility problems of soils for corn and ,orghum production. 
Potassium fertilization is nore likely to be necessary when corn and sorghum are grown 
on sandy soils like those of the Korat, Yasothon and Roi Et series. Sulphur fertilization 
should be considered for acid soils, especially those that have been cultivated without 
application uf S -containing fertilizers for a long time. Zn fertilization should be considered 
for calcareous soils, especially when applying P fertilizer. P can induce a Zn deficiency in 
crops. 

Rates of Fertilizers 

On-farm trial responses of corn to fertilizer have been used to formulate general 
recommendations for eacfl group of similar soils. For example, Meesawat et al. (1981a) 
conducted 15 trials on Reddish-Brown Lateritic soils in farmers' fields and recommended 
that 85-45.6-33.75, 94.4-50-50.6 and 93.1-82.5-14.4 kg/ha of N-P 205 -K20 be applied to 
soils in Lopburi, Nakon Sawan and Nakon Ratchasima, respectively. Panitchkul e! al. 
(1976) conducted eight trials on Reddish-Brown Lateritic soils (Pak Chong series) and 
concluded that 93.8-93.8-0 to 125-125-0 Kg/ha of N-P 20 5 -K20 were the best 
reconimendaition, for corn grown on soils in Lopburi and Nakon Ratchasima Provinces, 
but no N, P, or E, fertilizers were recommended for soils in Uthai Thani and Petchabun 
Provinces. One must conclude that these are but temporary recommendations which could 
change considerably depending on factors such as intensity of cropping, pattern of land 
use, tillage system, residue management and residual nutrient status of the soils, 

Laboratory tests. Laboratory soil tests are regarded as a more rapid and less costly means 
of acquiring basic data upon which to make fertilizer recommendations, and have received 
considerable attention. However, most of this work has been devoted to major soils of the 
corn and sorghum belt. 

1) 	 Soil test for N. A comparison of seven promising soil test ryiethodis was condi!uted in a 
pot study by Chaiyo and Suwanarit (1984) using 18 soils covering a wide range of 
texture (clayey to sandy) and organic matter content (0.31 to 4.56 percent). These 
included some major soils of the corn and sorghum belt and some major soils of the 
Northeast. An acid K2Cr 2O7 method modified from the method of Sahrahwat and 
Burford (1982) and the acid KMnO 4 method of Stanford and Smith (1978) were found 
to give the highest correlations of corn yields with nitrogen uptake. These methods 
were easier and less time-consuming than the Kjeldahl total-N method, and gave a 
ver3 close relatioaship to percent total N and percent organic matter as determined by 
the Walkley and Black rapid titration method (Figures 1 and 2). Taking into account 
the cost of chemicals and labor, the authors recommended determination of soil 
organic matter and, where percent total N was required, the modified acid K2Cr 2O7 
method was recorrmended. From this study, the authors concluded that 5.4 percent 
O.M., 200 ppm acid KMnO 4 -N and 1700 ppm acid K2 Cr2O7-N were critical values 
for maximum corn grain yields. 
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igure 1. 	Relations Between N Extracted by Modified Acid
K2Cr20 7 and Percent Total N and Percent O.M. 
(Chaiyo 	and Suwanarit, 1984). 

Soil test for P. The Mitscherlich-Bray equations for calculating from soil analysis theamount of P fertilizer needed to obtain 87 percent of maximum corn and sorghumgrain yields are presented in Table 3. These equations were satisfactorily tested onReddish-Brown Lateritic soils. 

,.uwanarit 	 and Pantanahiran (1184) conducted pot studies with corn to compare fivesoil test methods for P: the Bray II method (Bray and Kurtz, 1945); Olsen's method(Olsen et al., 1954); Sissingh's water extraction method (Sissingh, 1971); the anionexchange 	resin extraction method of William (1965); and the equilibrium method ofOzanne aj~d Shaw (1968). Twelve soils of different series were used, including Korat,Yasothon, 	Phon Phisai, Nam Phong and Loei, with pH values ranging from 4.8 to 
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Figure 2. Relations Bween N Extracted by Acid KMnO 4 and 
Percent Total N and Percent O.M. 
(Chaiyo and Suwanarit, 1984). 

7.8, and textures ranging from clay to sandy loam. The descending order of 
correlation coefficients for the P soil test was: Olsen-P > anion exchange resin 
extracted P > equilibrium P-concentration in conjunction with buffering capacity > 
Bray I-P > water extracted P > equilibrium P-concentration. However, in 
correlations between soil P tst values and total P uptake, the descending order of 
correlation coefficients was: equilibrium P-concentration in conjunction with buffering 
capacity > anion exchange resin extracted P > Olsen-P .> Bray II-P > water 
extracted P > equilibrium P-concentration. When the ease of performing such tests is 
considered, the authors concluded that Olsen's method was most acceptable followed 
by the Bray II method and the anion exchange resin method. They concluded that 
22 ppm Olsen-P and 27 ppm Bray I-P were critical values for corn grain yields at 
95 percent of maximum yield. 
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Table 3. 	Mitscherlich-Bray Equations for Calculating theAmount of P Fertilizer Required for Corn and
Sorghum. 

Equationt 

Soil Type 	and Reference 

Corn:

log (100-y) = log 100 - 0.00627b - 0.0 402x Reddish-Brown Lateritic soils 

(Meekangwan, 1969)
S&,rghnm (var. Late Hegari and KU 257):
log ( 100-y) = log 100 - 0.0792b - 0.0360x Reddish-Brown Lateritic soils
(Meesawat, 1969) 
t y grain yie!d, % of maximum yield; b;amount of Bray II P20.; ,,amount of available P20, to apply in the same unit weight per unit area as b. 

3) Soil test for K. Meekangwan (1969) and Meesawat (1969) attempted to establishMitscherlich-Bray equations for K with corn and sorghum but the results were notsatisfactory. This ma) be attributed to the fact that there was little or no increase inyield by corn and sorghum when K fertilizer was applied to the soils that werestudied. However, data from field 	trials by Boon-ampol et al. (1981b), shown inFigure 3, indicated that the critical level for corn grain yield ai 100 percent maximumyield was in the range of 50 to 80 ppm exchangeable K for Reddish-Brown Lateritic
soils. 

A number 	of wo-kers have reported that 'he extraction of soil K with H-saturatedresin proditced tl-: narrowest range of critical K levels foi corn grown on widelydifferent soils. rj,01lows that this particular test method was least soil type-specific forevaluating 	the K .;atus of soils (Suwanarit and Chunyanuwat, 1983; Suwanarit andNarkviroj, 1975; Wiwutwongwana and Suwanarit, 1979). 
Varietal Considerations. Differ, nces in response to fertilizer among varieties/cultivars ofcorn and sorghum have been reported (e.g., Boon-ampol et al., 1978a; Senanarong et al.,1971; Suwanarit el al., 1984b). These are illustrated in Figures 4 and 5. Data obtained byMeesawat 	et al. (1978) on testing of the Mitscherlich-Bray equation for sorghum (Table 3)are also of interest. ThesL data show that the relationship between calculated yields andactual yields for the Late Hegari variety was closer (r = 0.91) than for the KU 257variety (r 	 = 0.73). The equation was originally established with the Late Hegari sorghumvariety. Crop variety/cultivar should, therefore, be taken into consideration whendetermining application fertilizer rates for different soils. 

Time of Application 

Past research on the time of fertilizer application was devoted tc soils of the corn andsorghum belt. Results indicated that a 1:1 split application of NPK fertilizer at plantingand at one month after planting was the best practice. Where crop yields were likely to belimited by 	moisture stress and drought, omitting fertilizer at planting was also
recommended. 

N and P Fertilizers. Songsasen et al. (1974) conducted trials on Pak Chong series inLopburi Province and the responses of corn to N were observed. Applying all of the N(112.5 kg/ha) at one month after planting was superior to applying all of the N at plantingand when N was applied at planting and at the one-month growth stage. Thawornmas and 
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Figure 3. 	Relations Between N1 40-Exchangeable K and Grain
 
Yield of Corn Grown on Reddish-Brown Lateritic Soils
 
(Adapted from Data by Boon-anpol et al., 1981b). Data
 
from soils that produced (a) 45 % and (b) 21 % increases in 
grain yield upon application of 62.5 kg/ha of ET0 . (x) Data 
from soils that showed no appreciable increase in grain
yield on application of 31.3 and 62.5 kg/ha of K20. (C)
Range covering critical level at 100% of maximum yield. 

Boon-ampol (1975) conducted trials on Pak Chong soils at five sites in Saraburi and 
Lopburi and obtained strong responses to N fertilizer at all sites. They observed little 
difference in corn grain yields when 112.5 kg/ha of N was applied at planting, at one 
month after planting, or in a 1:1 split application at planting and at one month after 
planting. 

Evidence for the most suitable time for P fertilizer applications is not available. However, 
data from trials on the effect of time of application of NP and NPK fertilizer are available. 
Results of such studies on Pak Chong and Korat series soils are summarized in Table 4. 
These data indicate that the application of NP fertilizer could be delayed until at least 
30 days after planting without significant reduction of grain yields. Moreover, a split
application with one-half at about 30 days after planting and the other half at about 
45 days after planting was superior to early application, especially when the crop sulfered
from drought at tasselling. Results by Suwanarit et al. (1977a) from a P)t experiment
indicated that a split application of NP fertilizers with one-half at planting and one-half 
30 days later was more effective than either all applied at planting or all applied at the 
30-day growth stage. With irrigated corn and sorghum, a split application, 1:1, at planting
and 30 days after planting, was also found to be superior (Chaiwanakupt et al., 1973a; 
1973b). 
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Figure 4. 	Comparative Response of Four Corn Cultivars to the 
Level of Soil Fertility (Suwanarit et al., 1984b). 

Trials on effect of time of ,application of K fertilizer are also lacking. Studies with 
irrigated sorghum on Roi Et series soils reported by Senanarong er al. (1971) and 
Boon-ampol et al. (1979a) suggested that a split application, 1:1, at planting and at the 
30-day growth stage was generally recommended. 

Methods of Application 

A number of trials have been conducted on the method of application of N and P 
fertilizers on Pak Chong series soils. For N fertilizer, banding application is generally
superior to broadcasting, but for P fertilizer (as double superphosphate or triple
superphosphate), broadcasting is slightly superior to banding. Results cbtained by 
Guramarohit et al. (1979) with polyphosphate (heat-treated rock phospiate) on Pak Chong,
Loei and Korat series soils at eight sites support this. They found that the broadcasting of 
polyphosphate was either comparable or slightly superior to banding. No trials on method 
of K application to soils have been found. 

Forms of Fertilizers 

Very few investigations have been conducted to determine the response of crops to various 
forms or sources of N, P and K fertilizers. 
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Figure 5. 	 Comparative Response of Three Sorghum Varieties to 
Fertilizer Rate (Adapted from Data by Boon-ampol et al., 
1978a). 

In a pot study on soils ranging in pH from 6.0 to 8.0, Suwanarit et al. (1979c) found that 
NO3 fertilizer produced higher N uptake by corn and lower gaseous loss of N than NH4 
fertilizer (Figures 6 and 7). This suggests that NO3 fertilizer may be superior to NH4 
fertilizer and soluble NH4-producing fertilizer. Although NH4-N would be subjected to 
rather rapid conversion to NO3 by nitrifying bacteria in upland soils, gaseous losses of 
NH3-N could occur before this transformation, especially when soil pH was neutral to 
alkaline. 

Results of P fertilizer field trials on Reddish-Brown Lateritic soils and Yasothon series 
soils indicate that the application of rock phosphate is slightly less effective than double 
superphosphate when comparison is based on available phosphate in the materials. 
Application of rock phosphate in combination with double superphosphate was found to 
support the highest crop yields, but the most suitable ratio of the two materials was not 
determined (Boon-ampol et al., 1978c; Meesawat et al., 1977a; Panitchkul et al., 1977; 
Panitchkul et al., 1978; Thawornmas et al., 1975). Polyphosphate applied to acid soils has 
been found to be slightly less effective than double sup, rphosphate when applied at half 
the rate (based on available phosphate), but more effective when applied at the same rate 
as double superphosphate (Guramarohit et al., 1979). Suwanarit et al. (1975) reported that 
312.5 kg/ha of rock phc~phate was slightly more effective than 93.8 kg/ha of P20 5 from a 
20-20-0 fertilizer when applied to a calcareous soil of pH 7.9. 
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Table 4. Mean Grain Yields of Corn Obtained with
Different Thnes of Application of NP Fertilizer(Vacharotayan et al, 1972, Suwanarit et al, 1974, 
Suwanarit et al. 1977a).t 

Fraction National Corn andof N-P Fertilizer NortheastSorghum Research Agricultural
Applied at Different Center§ ResearchDays After Planting Center 

Khon Kaen 
0 28 42 56 1972 1974 1975 1976 
 1975f 1976
 

..................... kg ha-1 . . . . . . . . . . . . . . . . .
 .... 
1 0 0 0 4 ,200a 4 ,980a 3 ,840a - 264a 

1/2 1/2 0 0 4 ,220a 4 ,830a 4,660b 3,400a 323a 2,640a 
1/3 1/3 1/3 0 4 ,080a - 4,390b - 296a 

0 1 0 0 - 4,970a - 3,330a - 2 ,140a 
0 1/2 1/2 0 - - 4,540b 3 ,430a 857b 2 ,360a 
0 0 1 0  - - 3 ,390a - 1,600b 
0 0 1/2 1/2  - 3,470a 1,680b 

t Data followed by the same letter do not differ at P<.05.f The plants were subjected to severe drought at tasselling. 
§ Pak Chong series soil. 

Korat series soil. 

Fertilizer Management for 

Intercropping 

A few trials which considered the management of N and P fertilizers for intercropping
have been reported, but none that involved the management of K fertilizers has been
 
found.
 

Suwanarit et al. (1977b) conducted studies on intercropping legumes (mung bean, soybeanor peanut) with corn rows and concluded that the intercropping legumes did not affect theN fertilizer requirement of the intercrop corn. However, in a study involving a Korat soil,Suwanarit et al. (1979a) found increased N uptake by corn where it was intercropped withmung bean, soybean or peanut, and when N fertilizer was not applied. No such beneficialeffects were found when N fertilizer was applied (Table 5). These results suggest that theintercrop legumes supply N to corn when the soil is very low in N, but do not do so whenthe soil contains higher levels of available N. Thus, in intercropping it is a good rule toapply N fertilizer to the intercrop cereal only. When mung bean was intercropped betweencorn rows (1.0 m spacing), and 15N-labelled urea was banded below the cereal seed rowsat planting, a higher fertilizer use efficiency was achieved than with other methods ofapplication (Suwanarit et al., 1983a; 1984a). 

In a similar experiment on intercropping corn with mung bean, soybean or peanut,Suwanarit et al. (1979b) reported that there were no effects of intercropping legumes onthe response by intercropped corn to P fertilizer. 
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Figure 6. 	The AmountF of Nitrogen in Cern Plants at Tasselling 
Stage Grown in Soils of Different pH Levels with 
Ammonium and Nitrate Fertilizers (Suwanarit et al., 
1979c). NS, no significant different=e at the .05 probability 
level; **, significant at the .01 probability level; K., 
(NH 4)2SO 4 ; Kn, KNO 3; Cb, Chai Badan series soil; Tk, 
Takhli series soil. 

In a sorghum-mung bean intercropping system on a sandy loam soil, Boon-ampol et al. 
(1981a) found that application of NP fertilizers below the sorghum seed row at planting 
gave higher grain yields of sorghum and mung bean than broadcasting the fertilizers 
uniformly over the entire plot. 

These data 	suggest that for a corn-sorghum-mung bean intercrop, both N and P fertilizers 
should be applied to the intercrop cereal and not to the intercrop legume. Information on 
time and method of application of N and P fertilizers for the monocrop of corn discussed 
earlier would suggest banding placement for N fertilizer, and broadcasting placement for 
P fertilizer 	at either planting or 30 days after planting. Banding application of N and P 
fertilizers to the cereals is recommended when ease of application is taken into account. 

Soil and Soil Water Seedbed Preparation 
Management 

For Pak Chong series soils, conservation tillage or no-till system weed control was 
reported to be either comparable or superior to conventional tillage for producing corn 
yield and increasing water conservation and storage. When soils were moderate to high in 
available N, conservation tillage was superior to conventional tillage, but when soils were 
very low in available N, conventional tillage was superior to versions of conservation 
tillage (Chandraparnik et al., 1979; Jootanon and Tiraporn, 1970; Masangsawan et al., 
1981; Tongyai et al., 1980). No-tillage cropping systems on Pak Chong and Tab Kwang 
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Figure 7. Amounts of Nitrogen Lost in Gaseous Forms as Affectedby Form of Nitrogen Fertilizer Applied to Soils ofDifferent pH Values (Suwanarit et al., 1979c). K,(NH 4)2SO 4 ; Kn, KNO 3 ; **, significant at the .01probability level; Cb, Chai Badan series; Tk, Takhli series. 
soils are reported to increase the water use efficiency of corn. Certainly soils are prone todevelop surface crusts that increase runoff and decrease infiltration of water and aeration,as some of the major soils of the Northeast. Tillage operations to reduce crustingabsolutely essential. areResults of a study on effects of plowing and hoeing a poorlystructured sandy loam soil showed that plowing that inverted the profile to30 cm a depth ofwith subsoil then positioned at the surface, drastically decreased water infiltrationinto the soil. Hoeing, however, slightly increased water infiltration into the unplowed soiland drastically decreased water infiltration into the plowed soil (Table 6). Shallow plowingor surface hoeing just enough to break the surface crust would appear to be a mostdesirable operation in seedbed preparation. 

Land Surface Features 

With conventional tillage, sowing seeds on flat landproduce or on ridges has been reported tocorn yields comparable to grain yields of corn grown on Pak Chong soil and toproduce higher yields than sowing in furrows (Sarakul and Imsupasit, 1977). No suchstudies with corn and su.rghum have been reported on major soils of the Northeast.However, results reported by Abdalla (1974) have shown that planting of soybeanplateaus and ridges produced higher yields than when it was planted 
on 

results on flat land. Theseare shown in Figures 8 and 9 and Table 7. The effects of plateau and ridgeplanting varied with height. The highest grain yield was obtained by planting on plateaus20 cm in height, followed by ridges 30 cm in height, and plateaus '0Considering the average distance between plateaus, 
cm in height.

and between ridges and the 
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Table 5. 	Total Nitrogen Up~ti'!- of Corn at Harvest as 
Affected by Rate of Nitrogen Fertilizer and by 
Intercropping Legumes (Suwanarit et. al.., 
1979a). 

Fertilizer Crop Combination Average 
Rate 

Corn Cor. + Corn + Corn + 
Soybeani Mung bean Peanut 

.............................. kg ha ' N ............... ..............
 

0 IA.0 17.2 22.6 23.3 19.4 

30 38.6 30.6 31.8 32.4 33.3 

60 31.0 2?.9 44.4 30.8 33.3 

90 49.8 33.7 ,42.1 35.4 40.3 

Aver'age 33.4 27.6 35.2 30.5 

Feitilizer rate (F) Crop combination (C) F °C 

9.34L.S.D. .10 	 

.05 5.64 	 5.64 (NS) 

.01 7.65 	 (NS) (NS) 

CV (%) 21.1 

recommended row spacing for corn and sorghum, ridges of about 30 cm in height (70 to 
75 cm betweea ridges) and plateaus of aboat 40 cm in height (each ridge accommodates 
two plant rows) would be suitable for corn. For sorghum, ridges of about 55 cm in height 
and plateaus of about 30 cm would be recommended. 

Miching 	and Incorporation of Orranic Materials 

Mulching of agricultural soils with plant residues has been widely demonstrated as a best 
ri'magement pr cticc for controlling erosion, reducing water evaporation and decreasing 
runoff and nutrient losses (e.g., Meesawat et cl., 1977b; Phetchawee et al.. 1979; 
Thaworania, et al.. 1977b; and Veerakornpanich et al., 1981). As shown in Table 8 and 
Figure 10, mulching was found to be slightly more favorable than residue incorporation to 
the growth and yield of sorghum and corn on a Pak Chong series soil, cspecially when 
fertilizer was applied. However, mulching of residues seemed to be less effective than 
incoiporation when residues were applicd to a Yasothon series soil, a soii that readily 
develops surface crusts when subjected to rain. Mulching, however, showed no significant 
effect on yield of corn grown in Pak Chong soil when rainfall was favorable. The effects 
of surface mulch and incorporation of crop residues were attributed mainly to an increased 
supply of soil moisture to the crops. The incorporation of crop residues with wide C/N 
ratios, such as those cited in Table 8 and Figure 10, niay enhance microbial 
immobilization of inorganic N. Therefore, it is likc.ly that less N would be immobilized by 
mulching than by incorporatioli. However, incorporatioa may be more feasible for residues 
with narrow C/N ratios. 
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Table 6. Effects of Soil Turning, CaO Application and

Hoeingt on Water Infiltration of Sandy Loam
 
Soil at the Kalasin Experhir ital and

Demonstration Farm After a Paddy Crop
(Abdalla, 1974). 

Cultivation Treatment Water Infiltration 

With CaO Without 
(4 t ha-1) CaO 

......................... 1
................
 mh 

Turned soil + 

Without hoeing 1.68 0.96 
With hoeing 0.89 0.81 

Unturned soil 
Without hoeing 3.72 2.97 
With hoeing 4.01 2.68 

i" Hoeing the surface to 5 cm done before determination.4:The surface layer was turned deep to 30 cm to be replaced by the upper subsoil. 

Muilching with living plants, i.e., live mulches, may be another approach for managingsoil moisture. Suwanarit et al. (1983b) reported that a corn-mung bean intercrop tended tohave lower evapotranspiration lasses than corn alone (Figure I1). The comparative
evapotranspiration may, however, be dependent on many factor7, including the crop orcrops, tillage system, crop density, row spacing, water use efficiency, soil fertility level,and weather and climatic factors. These remain for future research. 
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Figure 8. 	Effect of Height of Ridge on Length of Shoot of 
Soybean Grown on Sandy Loam Soil at the Kalasin 
Experimental and Demonstration Farm (Abdalla, 1974). 
(See Table 7 for details.) 
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Figure 9. 	Effect of Height of Plateau on Length of Shoot of 
Soybean Grown on Sandy Loam Soil at the Kalasin 
Experimental and Demonstration Farm (Abdalla, 1974). 
(See Table 7 for details.) 
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Table 7. 	Effect of Land Surface Feature on Seed Weightand Seed Yields of Soybean Grown on a SandyLoam Soil at the Kalasin Experimental and
Demonstration Farm (Abdalla, 1974). 

Treatment t Weight of Seed Area Seed100 Seeds Yield Factorf Yield§ 

g 	 -1kg ha	 "1kg ha 
Plateau, 40 cm height 10.1 930 .90 836
 
Plateau, 30 cm height 9.8 1120 .60 
 669
 
Plateau, 20 cm height 9.7 
 1520 
 .45 
 685
 
Plateau, 10 cm height 9.2 1020 
 .40 
 408
 
Flat land 9.2 608 
 .45 
 274
 
Ridge, 30 	cm height 10.1 1230 
 .70 
 862
 

9.7
Ridge, 20 	cm height 1100 604.55 

Ridge, 10 cm height 9.4 
 1070 
 .45 
 483
 
+ lIgures in cm are the heights of plateau and ridge. The average distances between the centers of two plateauswere 180, 120, 90 and 80 cm for those with 40, 30, 20 and 10 cm heights, respectively. Distances betweentwo ridges were 70, 55 and 45 cm for ridges with 30, 20 and 10 cm heights, respectively. Each plateauaccommodated two rows of plants whereas each ridge accommodatedf 	 one row of plants.Obtained by measuring the overall distance between the centers of two plateaus or ridges and then dividing itby the number of rows. On each plateau, two rows of soybean plants were accommodated whereas one rowwas accommodated on each ridge. Plant populations in rows were similar in all treatments.§ Obtained by multiplying seed yield (kg hal ) by the area factor. 

Table 8. Effects of Mulching and Incorporation ofOrganic Materials on Growth and Yield ofSorghum Grown on a Yasothon Series Soil(Thawornmas et al., 1977b). 
Treatmentt Plant Height at Grain 

120th Day of Age Yield
 

Cm 	 -1kg ha

Contro' 127 
 944
RSM 141 
 1480

RSI 165 
 1500
GMI 126 
 638
 
t Control, no mulch and organic incorporation; RSM, Rice straw mulch, 12.5 t/ha; RSI,incorporation, 12.5 t/ha, one 	 Rice strawmonth before sowing; and GMI, Green manure ir.corporation. 
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Figure 10. 	 Third-Year Effects of Mulching and Incorporation of 
Organic Materials on Grain Yield of Corn Grown on a 
Pak Chong Series Soil at the Phra Phuttabat Field Crop 
Experimental Station (Phetchawee et al., 1979). C, 
control (no mulch or compost); RSM, rice straw mulch, 4 
t/ha; CSi, corn stalk incorporation, 4 t/ha; WHM, water 
hyacinth mulch (4 t/ha) replacing vinyl sheet mulch of 
previous years; Comp., compost incorporation, 20 t/ha; 
CSM, corn stalk mulch, 4 t/ha. 
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Figure 11. 	 Mean Cumulative Evapotranspiration of Maize, Mung 
Bean and Maize-Mung Bean Intercrrp, and Cumulative 
Water Received. Values for the Inte, crop Were Means 
of Three Fertilizer Treatments and Those for the 
Monocrops Were From One Treatment; All Treatments 
Were Replicated Three Times. The Differences in 
Cumulative 	Evapotranspiration at Each Plant Age Were 
Not Significant at the P,<.05 level. (Suwanarit et al., 
1983b) 
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Soil Erosion and its Countermeasures 

R.P.C. Morgan and S. Jantawat 
Kasetsart University, Bangkok, VTailand 

ABS7RA CT. The "International Workshop on Soil Erosion and Its Countermeasures" washeld in Chiang Mai, 7Tailandfront November 11-19. Total attendance at the workshopwas 127 including 87 7haisfrom 19 different government agencies and 40 foreignparticipants fron 14 different countries. The workshop Jbrmat included two days offormalpaper presentations, 

workshop on 

a fie/l trip in the Chiang Mai area, fiowed by a one-day discussion
"Problems and Constraintsof Soil Conservation in Developing Countries.The weekend following the coniference was also devoted to a field trip to theunderdeveloped Souttheast (oast resettlement area near Rayong. 

The organizers of the workshop drew attention to the sinilar socioeconomic constraintsthat exist anong countries in various s.ages of developmnent. In fact, problems offarneracc ptance oj conservation policy are ubiquitous. The technical session of the workshopwas divided into four topics which included assessment, prediction, impacts and control. 
There is much soil conservation technology available for laid suitable for agriculture, butlittle technology for unsuitable land. There is need for a greater understanding of theobjectives amid applications ofpredicting models Jbr soil erosion. Research work on theloss of soil nutrients is urgently needed for tropical fariming systems. 

For erosion control, the workshop emphasized erosion control for cassa va fields androadside embankments. Successful soil conservation practices in Malaysia and Taiwan werementioned. Local environmntal conditions and firnting syatems need to be taken intoaccount in order to adapt conservation technology atd make it more appropriate.Thevalue of using the media to promote soil conservation was stressed at the mneeting. 
Soil erosion control is urgently ineeded Jor all countries but it nust be country-specific andregion-specific or economic sector-secific. A well-defined soil conservation policy shoulbe established in all countries. A national formm
research on 

should e-rist in each country for advisingbenchmark soils and local farming systems, and training priorities. Aninternational formnalizcd group should be established to promnote international cooperation.A tec/'nical workshop shou/ld be held on the specijic topic of soil consenation. 

Introduction In the formal oration at the beginning of this workshop, Mr. Sanarn Rimvanich asked usto address the problem of finding appropriate technological and social solutions to thecontrol of soil erosion. The context for the workshop was set in the opening address. Dr.T.C. Juang pointed out that soil erosion has been with uscultivating land. Despite a 
ever since man started 

Governor of Chiang Mai 
long history of the problem, Mr. Aram Iam-arun, DeputyProvince, asked why soil conservation measuresimplemented. Were the were notmeasures proposed too complex or too costly? In trying to answerthese questions, Dr. Prasan Yingchol hoped that great benefits would come from thisopportunity to exchange experiences and views. 

In drawing conclusions from the workshop, this report first summarizes the main pointswhich have emerged as having common interest and then it presents a set of
recommendations. 
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Summary of the Sessions Assessment 

There is a need when assessing erosion to distinguish between those problems which relate 
to the misuse of tile are associated with cultivation of land suitable toland and those that 

that purpose. One example of the first case is where population pressures force people
 
onto marginal land. This is a socioeconomic problem and should be dealt with as such.
 
There is little that soil conservation technology can offer. If attempts to implement soil
 
erosion technology are tile since the land is marginal, the
made, cost will be high and, 

return on investment will be low. For the second case, however, there is much that
 
technology can offer.
 

Prediction 

Attempts are being made to predict erosion by adapting models developed in one country 
for use in another. This often involves extrapolation beyond the data base of the original 
model and tends to be unsatisfactory. There is a need for greater understanding of the 
objectives and applications of models so that users know more of the maodels' limitations 
and possibilities, avoid their misuse and make more realistic predictio is. 

Impacts 

Little is known about the loss of soil nutrients under tropical farming systems. In view of 
pollution and loss of soil productivity, research is urgently required to collect this 
information. 

Control 

Two specific examples of erosion control received emphasis in this workshop: erosion 
control associated with growing cassava and roadside embankments. There are questions 
regarding the cultivation of cassava. Should the crop continue to be grown or should 
alternative crops be sought? If we continue to grow it, what is the most effective erosion 
control measure? Examples of successful control of erosion on road embankments occur in 
Taiwan and Brunei but to judge from the evidence of other countries, there is a need to 
promote soil conservation in these areas more widely. 

On the more favorable side, we heard many examples of successful soil conservation 
practices in Taiwan and Malaysia. We also saw examples in Thailand during the field 
visits. Another encouraging fact is the increasing attention being devoted to woodlots using 
species of' Leucaena, Acacia and Eucalyptus to provide fuel. This will hopefully reduce the 
rate of destruction of the tropical rain forest. 

A comparison of soil conservation experiences in different countries highlighted the 
difficulty of transferring technology from one country to another. Local environmental 
conditions and farming systems need to be taken into account in order to make appropriate 
technological adaptations. Acceptance of technology is enhanced if the originator and 
receive- of the ideas work together as seen in the research and demonstration activities 
carried out under the Thai-Australia project. 

Several times during the week the value of using the media to promote soil conservation 
had been stressed. Attention should be focused on using the basic educational system to 
teach the importance of soil conservation wid radio, television and newspaper media to 
disseminate specific practices to farmers. 
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Recommendations 

Conclusions 

Several of the above-mentioned themes received renewed airing during the workshopsessions which followed the field visits. Views were exchangedimplementation of soil conservation, and extension. As 
on the planning and 

a result of these discussions,
several recommendations are made.
 

There is an 
urgent need for soil erosion control in all countries but the planningimplementation of soil conservation and
must of necessity be country-specific and sometirnJsregion-specific or economic sector-specific. 

Every country should have a well-defined policy with respect to political and financialsupport of land use strategies, legislation and the organization of appropriate soilconservation services. Local circumstances should dictate whether the legislation should beby incentive or computation and whether the soil conservation service should be a single
or multiple body.
 

Each country should decide its 
own priorities for research taking into accountrepresentative or benchmark soils and local management or farming systems. 

A national 
 forum should exist in each country to establish research and training priorities.
Its membership should include tie government, university/college, private and extensionsectors. There should be an exchange of information within the forum between farmers
and researchers. 

The national forum should promote active contact with politicians and those charged withallocating funds. International and national workshops and seminars may aid this contact. 

A formal group should be established at the international level to promote conferences,training workshops, exchanges of scientists and an information newsletter.should be based on The groupASEAN, or a wider geographical identity such as ASPAC, depending 
upon available funding.
 

Technical workshops should be held 
on the application of thc Universal Soil Loss
Equation, criteria for soil loss tolerance, incorporation of the small farm sector into soil
conservation programs, the role of the mass media in promoting soil conservation,extension methods, and procedures for monitoring the success or failure of soilconservation techniques. Care should be taken to ensure that appropriate people attend theworkshops; in some cases this will be research scientists and in other cases, technical
support staff or extension staff.
 

In this workshop we have had almost two days of varied and interesting papers fromparticipants from fburteen countries. We have seen in the field examples of both researchand conservation practices. We have had lively workshop discussions and a valuablesession on the comparison of soil conservation work in different countries. The results ofthese activities have led to a set of recommendations. 

These achievements illustrate the value of international workshops of this type. They alsoreflect the respective inputs of the sponsors in making the meeting pos-sible, the Thai hostsfor getting everyone assembled and for providing a conducive technical and socialenvironment, and the participants for their enthusiastic involvement. All have contributedto a most successful and stimulating workshop. 
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Section V
 
Other Information
 



Objectives 

Organizational 

Arrangements 


Facilities 

A Brief Overview of the Agricultural DeveTapment
Research Project in Northeast Thailand 

S. Hatta 
Agricultural Developme Research Center, Khon Kaen, 
7Thailand 

The Northeast co, stitutes one third ef both the population and land area of the wholeKingdom iut is responsible for onlv 15 percent of the gross domestic product. The regionhas developed rapidly since the late I9 40s with increasing immigration from thesurrounding areas. The land has been reclaimed for human livelihood beyond its capacity.The occurrence of alternate droughts and floods every year accelerate degradation of thenatural environnent and land productivity. 

The Agricultural Development Research Project in Northeast Thailand was initiated inDecember 1983 to strengthe, research activities in the regioo through assessing the naturalenvironment and resources to plan proper land use, identi)'rg and eliminating existingproduction constraints, as well as developing agronomic technology adaptable to each 
locality. 

The project is implemented as a tripartite cooperation project under which Japan and theUnited States of America (USA) jointly assist the Royal Thai Government on aspects ofagricultural development. Under this arrangement, the USA mainly assists Khon KaenUniversity, concentrating on the socioeconomic aspects of agriculture in the Northeast.Japan assists both the Ministry of Agriculture and Cooperatives (MOAC) and theuniversity, focusing on scientific and technical aspects. 

Thus, the Project is implemented by three institutions, the Department of Agriculture(DOA) and the Department of Land Development (DLD), both of MOAC, and the Facultyof Agriculture, Khon Kacn University (KKU) with assistance and cooperation extended by
the Japan International Cooperation Agency (JICA). 

Under the Project, ongoing research activities in the Northeast will be strengthened by theAgricultural Development Research Center in Northeast Thailand (ADRC), a new researchfacility constructed Linder the grant aid program of the Project. DOA is responsible for thedevelopment of agronomic technology, DLD for planning proper land use, including land
conservation, and KKU for fundamental studies related t) soil-plant-water relationships.
 

The USAID project provides total research funds of US$2 million for Khon KaenUniversity to strengthen its init-f-aculty and departmental research activities as well as12 mnan-month :Aiort-term consultants to ADRC activities during the period 1983-1989. 

To coordinate these research activities in pursuance of the commoi objectives mentionedabove, and in accordance with the development policics of Thailand, the CoordinatingCommittee, chaired by the Pcrmanent Secretary of MOAC, was established. Under theguidance of the Coordinating Committee, the Research Committee is responsible forplanning and impicmenting the Project by convening a meeting for open discussions amongthe personnel concerned every two or three months. 

The following facilities were donated by the Government of Japan under the grant aid 
scheme totaling approximately US$5.4 million. 
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Buildings 

ADRC Main Building 	 Auxiliary Facilities 

Conference hall, exhibition hall, visiting Dormitory, garage/workshop, soil sample
 
scientists room, seed storage, laboratories storage, net house, etc.
 
for plant and soil research, etc.
 

KKU Annex Building 

USAID Project room, visiting scientist 
room, laboratories for plant and soil 
research, etc. 

Equipment 

Laboratory equipment for: Audiovisual materials I 

Plant breedingiagronomy 1 set Tractors 2 ur it 

Plant physiology 1 Bulldozer I 

Agroclimatology I Wheel loader with backhoe I 

Soil chemistry 3 Vehicles 18 

Soil physics 3 

Soil microbiology 3 

Soil survey 1 

Experimental Field 

Japanese Experts 	 Team Leader I Pedologist I 

Plant Breeder 1 Chemical Engineer I 

Agronomist I Coordinator I 

Soil Scientist I 

In addition to these long-term experts, several short-term experts will be assigned 
according to necessity. 
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Research Program Assessment of Environment and Resources 

1) Land classification and land use planning (DLD) - Trials for land classification andplanning land use will be made focusing on problem soils in the Northeast. 
2) Stochastic analysis of rainfall (KKU) - An analysis of rainfall patterns of the Northeastboth in locality and time sequence with special reference to cropping seasons will be

made. 

Improvement of Crop Performance 

1) 	 Interactions among environment, water stress and crop performance (KKU). The studyof factors such as climate, topography and soil and their relation to water stress and
plant growth. 

2) Development of drought-tolerant crops in the Northeast (DOA, KKU). Selection ofannual/perennial crops suited to localities and genetic improvement of some selectedcrops. Vegetable soils substitution for fossil oils will also be explored. 

Improvement of Soil Conditions 

1) 	 Amelioration of soil salinity (DLD). 
Carry out an ectomorphological survey of salt-affected areas and some agronomictrials for amelioration of soil salinity. 

2) Recycling of organic materials (DLD, KKU). 
Examine avaiiable materials for making composts and their effects on soilproductivity. Study decomposition of organic materials under different conditions andchanges in soil properties doe to the application of amendments. 

3) Conservation Gf so;' fertility (DOA). 
Study soil and water management at the farm level and conservation of soil fertility by
identifying and eliminating production constraints to each soil type in the Northeast. 

Research institutions in parentheses indicate those mnainly responsible for the research 
subjects concerned. 
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Section VI 
Conclusions and Recommendations 



Conclusions and Recommendations of the Working Groups 

J.F. Parr and C. Pairintra 
USDA/USAID Dryland Agriculture Project, Agricultural
Research Service, Beltsville, Marvland lISA and Kiun Kaen 
Universi', Khon Aaen, Thailand 

At the conclusion of the presentation of seninarpapers, three working groups comprised ofseminar participants were organizedto discuss the data presented in the technical papersand the data base 'locument, and to dIraw conclusions and(recommendations (priorities)firfiture research on aspects of soil, water and crop management systems fi)r rainfedagriculture in Northeast Thailand. Mhe major topics of the working groups wvere: soil-waterrelationships, agroclimatoloy and cropping systems, and soil fertility, management. Thedeliberation and recomnenttions ofthe wiorking groups are as fi)lh) . 

Group I - Soil-Water Introduction 
Relationships 

Agriculture in Northeast Thailand is characterized by an emphasis on rainfed riceproduction for subsistence. Rice is;grown on all lowland areas and on as much of themiddle and upper terraces as rainfall will permit. The amount of middle and upper terracelands transplanted to rice varies greatly from year to year because of erratic rainfall.Therefore, soil-water research efforts in support of rice production should emphasize howto maintain water saturation and flooding for the time between rains. This work shouldconcentrate on lowland and middle terrace land. 

Second to rice. the emphasis is placed on field crops produced for cash. These crops areprimarily grown on uplands but many development projects have shown how to increaseland use intensity by producing these crops in the paddy as prerice or postrice crops. Iffield crops are to be grown successfully on uplands, the soil-water research emphasisshould 'c on increased reention and storage of plant available water in the soil. This willrequire attention to infiltration and water holding capacity as well as efforts to avoidprolonged soil saturation after a period of heavy rainfall. 

For field crops grown as prerice crops in the paddy, the research emphasis should be tomanage the soil to maximize soil saturation and flooding for subsequent rice production,and to ensure suffiieni soil water for the prerice field crop without losing stands oradversely affccting yields from soil waterlogging. 

Objectives 

I ) 1o obtain a better understanding of soil and water relationships in major soils of the
Northeast region. 

2) To develop management techniques to increase the retention and storage of plant
available water in major Northeast soils. 

Research Priorities 

I) Soil-water retention and storage. 

2) Conservation tillage. 
3) Increased infiltration of water into soil. 
4) Decreased evaporative loss of water. 
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Group I! -
Agroclimatology and 
Cropping Systems 

5) Recharge/leaching. 

6) Water balance. 

Recommendations for Research and Collaboration 

I) To conduct studies on hydraulic properties of soils both in the laboratory and field, 
including water holding capacities, infiltration, percolation, water extraction patterns, 
depth of watertable, evaporation and actual water storage. 

2) To establish relationships between soil conditions and soil hydraulic properties, 
the laboratory and tile field under different management regimes. 

both in 

3) To conduct studies on the effects of tillage (methods, degree or intensity, and time), 
surface mulches, composts, crop residues, animal manures and other organic wastes 
on soil hydraulic properties and other physical properties, infiltration, water retention 
and storage. and the growth and yield of crops. 

4) To establish water balances for major soils and crops under different management 
systems and for both lowland and upland terraces. 

5) To conduct adaptable on-farm trials and demon:;tration of promising 
conservation techniques. 

new soil-water 

6) To encourage DOA, I)LD and universities to eingage in collaborative efforts to 
increase the stability, efficiency and productivity of farmer's cropping systems in the 
Northeast region. 

Recommendations for Flducation and Training 

1) 	 To provide support to researchers for study, training, educational tours and for 
attending technical conferences so that they may be better informed of research being 
conducted at other locations within the nation, region, or world. 

2) 	 To encourage DOA, DLI., and universities to include DOA personnel in on-farm 
adaptive research and demonstrations. 

Recommendathon for Networking 

To identify researchers working in areas of soil-water reiationships for rainfed agriculture 
in Thailand, the region (i.e.. Southeast Asia) and the world. Also, to provide mechanisms 
for exchanging information on research results, methods and techniques, and for 
establishing research priorities. 

Introduction 

The erratic rainfall patterns and poor soils have placed tremendous constraints on the 
farmers of Northeast Thailand. Over the centuries farmer; have evolved various strategies 
to cope with these constraints. Cropping patterns arc used which appear to efficiently use 
residual soil moisture or utilize water from the watertable. But these practices are not 
widespread throughout the region. 

The challenge remains for research and extension to study the rainfall and soil moisture 
characteristics and the existing farming practices and locations where there is presently 
efficient use of available technology and where transfer of technology might be feasible. 
Needless to say, the research will have to take an integrated approach, involving all 
aspects 'f soil water, fertility and management in the program. 
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Group III - Soil and 

Water Management
 

Research findings should be simplified for the purpose of transferring those existingtechnologies to suitable locations. Therefore, research and extension programs need to bedeveloped which can facilitate the technology transfer and dissemination process. 

Improvements in cropping patterns are needed which maximize stability as well as
productivity. These include efficient utilization of available water resources such as

rainfall, soil moisture, watertable, shallow wells, ponds or tanks.
 

Objectives 

To review existing research data bases concerning agroclimatology and cropping systems
in Northeast Thailand and to identify and prioritize research needs for developing new 
technologies to use water resources more efficiently. 

Research Priorities and Recommendations 

1) 	 To determine crop water requirements under existing soil and water management
systems and with improved systems. Develop and/or utilize models to characterize 
relationships between variables involving the soil, water, atmosphere (climate) and 
plant. 

2) To define soil, water and plant relationsnips basczd on agroccological zoning.
 
3) To develop crop management systems and strategies in 
 relation to agroecological

zoning including careful consideration of agroclimatic factors, improved crop calendars
and crop sequencing for more efficient utilization of stored water, i.e., water use 
efficiency. 

4) 	 To conduct studies fbr on-farm verification of agroclimatic models and crop models
that would lead to the development of more stable, efficient and productive farming 
systems. 

5) 	 To foster regular meetings between university scientists at KKU and Government 
agencies who are working on agroclimatic models and farming systems, and extension 
specialists so that advisory materials can be prepared for use by farmers. 

Introduction 

The inherent fertility of most major Northeast soils has long since been depleted and/or
exhausted from long-term cropping without sufficient replacement of plant nutrients, andfrom long-term degradative processes such as soil erosion, nutrient runoff losses and
oiganic matter depletion. Consecuently, the tilth, fertility and productivity of Northeastsoils are low. Probably the best means of restoring the fertility and productivity of these
soils is through the effective and efficient use of traditional agricultural organic material(i.e., crop residues, animal manu-es, green manures and composts) in proper combination
with judicious amounts of chemical fertilizer. Indeed, the 	use of these organic amendmentsshould greatly enhance the crop plant use efficiency of chemical fertilizers and result in a
substantial reduction in fertilizer costs. In addition to providing plant nutrients to crops,
organic materials %astly improve soil physical properties such as increased soilaggregation, water holding capacity and permeability, and decreased bulk density, surfacecrusting and compaction. All of these can greatly improve the productivity of the 
Northeast soils. 
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Objectives 

To identify and characterize soil fertility problems, and to propose counter measures to
 
alleviate such problems by proper utilization of organic wastes and residues, chemical
 
fertili7ers and soil amendments.
 

Research Priorities 

1) Research to increase the organic matter in mjor Northeast soils.
 

2) Research on soil fertility evaluation and efficient use of fertilizer.
 

3) Research on soil acidity and salinity problems to overcome constraints to efficient and
 
productive agriculture in the Northeast. 

Major Recommendations 

1) To conduct surveys (on-farm) of how farmers are utilizing organic wastes/residues on 
land (farmers' attitudes). 

2) 	 To conduct basic research on organic matter decomposition in major Northeast soils 
and those factors affecting decomposition. 

3) To conduct basic research on compost process technology for different organic
 
materials including on-farm wastes, municipal wastes and industrial wastes.
 

4) To investigate the best selections of green manure crops that can be adapted to
 
specific cropping systems in the Northeast.
 

5) 	To conduct basic research and on-farm research on the amount of various types of
 
crop residues needed to maintain tilth and productivity of problem soils, e.g., those
 
affected by salinity.
 

6) 	To conduct basic research and on-farm research on the effect of organic matter 
additions (rate/mode/time of application) on alleviating soil salinity in Northeast soils. 
Short-term and oag-term studies are needed. 

7) 	 To determine the practical and workable balance between organic fertilizer sources
 
and chemical fertilizers that would provide sufficient levels of plant nutrients to
 
specific crops grown in a particular system or sequence.
 

8) 	 To determine the use efficiency by crops of plant nutrients contained in chemical
 
fertilizers when they are applied to soil with and without organic residues and
 
amendments.
 

Other Recommendations 

9) 	 To evaluate and assess the lime requirement of crops and the effect of lime on plant
 
growth and yield.
 

10) 	 To determine the CEC at native soil pH for estimating percent base saturation. 

11) 	 To establish N-response curves for crops to determine the critical crop requirement fo 
P and K and soil test procedures for better correlation with P and K. 

12) 	 To determine the nitrogen contribution of legumes in cropping systems. 

13) 	 To determine the extent ef fixation and release of P and K in cropping systems as 
affected by soil and water management practices. 

14) 	 To assess and evaluate the crop requirement for micronutrients and secondary nutrients 
in Northeast soils. Such deficiencies in these nutrients should be expected as the yield 
potential of a crop is increased by good management practices. 

407 



Section VII
 
Additional Papers
 



Background Report 

Dr. 	Nopadol Tongsopit 
Rector 
Khon Kaen University 
Khon Kan, "17aiknd 

Your Excellency, the Permanent Secretary 
of the Ministry of University Affairs 

The USAID's Representatives 
The USDA's Representatives 
Distinguished Participants 
Ladies and Gentlemen, 

Oil 	behalf of Khon Kaen University, I wish to extend a cordial welcome and appreciation
of your participation in this first KKU-USAID International Seminar on "Soil, Water and
Crop Management Systems for Rainfed Agriculture in Northeast Thailand." Also, I would
like to take this opportunity to express my sincere appreciation to the United Slates
Agency for International Development (USAID) an.: the United States Department of 
Agriculture (USDA) for their great contributions and efforts without which this important 
event would have never been made possible. 

Initially, the USAID bureau and 	mission in the Near East, Asia and Africa recognized the
need to develop and adopt technologies to increase agricultural crop production per unit of
land and water, with a special focus on sustained production in rainfed areas. Such need is 
particularly true and important for the developing nations. 

Fortunately. there is a vast reservoir of experience and knowledge in the United States 
possibly useful in dealing with the problems of dryland agriculture. Some of the principles
of soil, water and crop management systems developed for 	the Great Plains and Pacific
Northwest regions of the United States can be applied to the development of rainfed 
agriculture in developing countries. 

Consequently, a series of workshops that would serve as a forum for discussion and
exchange of ideas between U.S. scientists and LDC's scientists is recommended. The 
proposed specific objectives are as follows: 

1. 	 To evaluate the data bases for soil and water resources and the methodologies for 
assessing and managing these resources. 

2. 	 To determine the state-of-the-art of management systems for crop production under 
dryland conditions. 

3. 	 To determine specific research needs for problems relating to more efficient use of 
water in dryland areas. 

4. 	 To investigate the feasibility of a research network that can extend the knowledge and 
experience base on dryland agriculture. 

Moreover, each workshop will focus largely on one country as a means of providing
sufficient background information and dialogue to identify and address specific research 
needs, and will be held under the auspices of the United States Agency for International
Development, and under the advice and recommendation of the United States Department 
of Agriculture. 

Needless to say, this first KKU-USDA/USAID International Seminar is one of the
workshops recommended. I do hope that the outcome of this seminar is what we all 
expect. Particularly, the specific objectives just mentioned should be met. 
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Ladies and Gentlemen, I do hope that you will have a wonderful time during your stay inKhon Kaen. KKU's staff will do the best to help you enjoy your stay. And again, I wish 
to thank everyone and welcome you to the seminar. 
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Opening Address 

His Excellency, Dr. Arthon Chonlienchob 
The Permanent Secretary
 
Of
 
The Afinistr. of University-A.'iiir.
 
lthailand
 

Mr. Rector 
Mr. Vice Rector 
The USAID's Representatives 
The USIA's Representatives 
Distinguished Guests 
Ladies and Gentlemen, 

It is indeed my great pleasure to have an opportunity to address this distinguished 
gathering today. 

First of all, I wish to extend a cordial welcome to all participants, particularly to the 
foreign delegates who have come a long way to join this first KKU-USDA/USAID
International Seminar on "Soil, Water and Crop Management Systems for Rainfed 
Agriculture in Northeast Thailand.- It is also a pleasure to express my hearty appreciation 
to the United States Agency for International Development, tileUnited States Department
,f' Agriculture and Khon Kaen University for making this importai.. event possible. 

Iam so delighted to hear that there is a growing awareness of the importance of dryland 
agriculture. It is the dryland areas of the world that will in the future produce the vast 
majority of food grains upon which a rapidly expanding world population is dependent for 
subsisence. This is very tru' ;or many of thc less-developed count-ies. Thereforc, the 
assistance provided by the United States Government via USAII) and USDA in 
establishing the cooperative efforts between scientists on this subject is vital. It is a great
privilege and honor to offer my sincr,, hope for the success of the program. 

Ladies and gentlemen, now time has come "or a very auspicious n.,nieat. It is a great
privilege fr me to officially declare the first KKU-USDA/USAID International Seminar 
on "Soil, Water and Crop Management Systems for Rainfcd Agriculture in Northeast 
Thailand" open and wish all of you to have the most successful event ever. 
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Keynote Speech 

J.F. Parr 
Coordinator of the USDA/USAID 
Dryland Agriculture Project
 
Agricultural Research Service
 
Bdltsville, MarYland, USA
 

Late in 1983 iaj agreement was reached between the A-ricultural Research Service (ARS)
of the U.S. Department of Agriculture (USDA) and 	the U.S. Agency for International
Development (USAID), whereby ARS would provide technical input to USAID projects in
need of expertise for improving soil and waiter niunagement in dryland or rainfed
agricultural systems. This decision reflects not only a growing awareness that such systemsprovide most of the world's basic food crops, but that increased production is often limited 
by constraints in soil and water management. It also indicates a shift in emphasis away

from large-scale irrigation projects which have become 
so costly to the donor
organizations, as well as to the countries involved. The USDA/USAID Dryland
Agriculture Project focuss: on three geographic regions where there is a critical need to
increase the production of diversified agricultural crops, i.e., the Near East (or Middle

East), Sub-Saharan Africa and Southeast Asia. 
 In brief, the project is directed toward

improved soil management, water conservation and storage, and the proper selection or
 
sequencing of crops that use water efficiently. 

The 	workshop is co-spafnsorcd by Khon Kaen University (our official host institution), the
Department of Agriculture (DOA), the Department of Land Development (DLD), Kasetsart
University, the Northeast Rainfed Agricultural Development Project (NERAD) and 
USAII). The objectives of the workshop are threefold: 
1. 	 To review and discuss major problems and constraints ia soil/water/crop management

in rainfed agricultural systems with particular reference to Northeast Thailand.
 
Regional experiences from Sri Lanka and India will also be presented.
 

2. 	 To review available data bases and curret research activities, and to develop
strategies for resolving major problems through research and agrotechnology transfer. 

3. 	 To consider the development of an effective and comprehensive research and trainiing
network which includes scientist-to-scientist linkages between national/regional
scientists and with U.S. scientists working on similar problems of dryland or rainfed 
agriculture. 
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Closing Address 

The Honorable Boonchuay Srisarakarm 
Governor of Khon Kaen Province
 
Khon Kaen, Thailand
 

Mr. Vice Rector 
The USAID's Representatives 
The USDA's Representatives 
Distinguished Guests 
Ladies and Gentlemen, 

I am deeply pleased and consider it a great honor to address you all for the closing 
ceremony of the first KKU-USDA/USAID International Seminar on "Soil, Water and 
Crop Management Systems for Rainfed Agriculture in Northeast Thailand." 

It hardly seems that the five days allotted for this seminar have already passed. The time 
has gone quickly, but I do believe that the seminar's objectives have been successfully 
met. On behalf of the citizens of Khon Kaen Provijice and those of other provinces in the 
Northeast I do wish to express a hearty appreciation to all of you, USDA and USAID in 
particular, for all your concern and effort in struggling for the development of rainfed 
agriculture in this region. 

I do wish you a safe return to your home countries. And now, I officially declare this 
seminar closed, and hope to see you again. 

Thank you. 
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Dr. Keith Fuglie 
Mr. Anan Hiransalce Mr. Surachart Amornrattanasak 
Dr. Chakrit Hornchandra Dr. Somsri Aninin 
Dr. Narong Hutanuwatr Mr. Surachitr Chaisiri 
Mr. Reangsak Katawetin Mr. Somsak Chaiyaria 
Mr. Taweesak Keawsim Mr. Amnuay Chumsamut 
Mr. Soonthon Kingangwan Mr. Prachaya Dhanyadee 
Dr. Manochai Kiratikasikorn Mr. Somrote Kantanikool 
Dr. Perrnpoon Kiratikasikorn Mr. Pradit Keaw-On 
Dr. Viriya Limpinuntana Mr. Choompol Kolasilp 
Dr. Vitaya Ma-Sena Mr. Sutham Paladsongkram 
Dr. Charat Mongkolsawat Mr. Nirat Palasuwan 
Dr. Chaitat Pairintra Dr. Samarn Panichapong 
Dr. Santipab Panjapun Mr. Rungrochana Perngpun 
Mrs. Pongsiri Pochpricha Mr. Prayong Puengpun 
Mr. Apai Prakorbphol Mr. Narong Rouysoongnern 
Dr. Pakarat Ratakett Mrs. Prance Rungsangchandra 
Dr. Suraphol Ratansophol Mr. Padet Satan 
Mr. Rojanachai Satarawaha Miss Suda Sawattanakoon 
Dr. Surasak Seripongse Mr. Sarote Singtothong 
Mr. Prarinva Srisawangwongse Mr. Pisit Sittiwong 
Dr. Amnuaysilp Suksri Mr. Terdsak Subhasaram 
Dr. Ponpirnon Suriyajantratong Mr. Patana Suk bumrung 
Mrs. Bupha To-Pak-ngam Mr. Boonchoom Ta-in 
Mr. Rachit Triputharatana Mr. Jira Tasananchalee 
Mr. Tepparit Tulapitak Mr. Wanlert Wanapiyaratana 
Mr. Sithisak Upariwongse 
Dr. Nimit Vorasoot 7. Agricultural Technology and 
Dr. Pana Waikakul Vocational College 
Mrs. Sasudee Wanapat Mr. Viratana Amornchayakit 
Dr. Boonler Wilaipol Miss Supanong Sriyong
 
Mrs. Nuaichandr Wilaipol Mr. Chitdee Toatongchai
 

3. Northeast Regional Office of 	 8. Kasetsart University 
Agricult ire (Tha Pra)
 

Mrs. Ladda Boonpakdee Dr. Soontari Akatanukul
 

Dr. Utai Pisone Dr. Piya Duangpatra
 
Dr. Vawchak Pongpolprom Dr. Somjate Jantawat
 
Mr. Chalermchai Prasartsri Dr. Supamard Panitsakpatana 
Mrs. Wilai Prasartsri Dr. Ngarn-Cheun Ratanadilok 
Mr. Paiboon Ratanaprateep Dr. Amnart SuwanaritDr. 	Rachente Tiraporn 
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Thailand (Continued) 

Dr. Visoot Verasan 

Dr. Somsak Wang-nai 


9. Department of Agriculture 

Dr. Samrit Chaiwanakupt 

Pr. Chob Kanareugsa
 
Dr. Tawachai Na Nagara 

Mr. Somnoa Phetchawee 

Dr. Cherdchati Samitobol 

Mr. Chote Sithibutsa 
Dr. Chakranopakhun Tongyai 

10. 	 Department of A.gricultural Extension 

Mr. Kaladilok Kewprapan 
Mr. Vitaya Palayeim 

Mr. Niphon Simla
 
Mr. Songsak Suratikul 

Mr. Danai Taipanich 

United States 

Dr. Charles Alton 

Dr. Jack Bond 

Dr. Earl Burnett 

Dr. Brent Cluff 

Dr. lain Craig 


Sri 	Lanka 

Mr. Abeywardera 

Mr. M.S. Banda 

Mr. W.M.S. Bowatte
 

Japan
 

Dr. Sadao Hatta 

Dr. Hidetochi Matsuo 


India 

Dr. J. Venkateswarlu 

11. 	 Chiang Mai University
 
Dr. Methi Ekasiigh
 

Mr. Sittiporn Sukasern 

12. 	 Member of Parliament 

Mr. Suwit Koonkiti 
13. Northeast Regional Office of 

Agriculture (Kalasin) 

Mr. Vorawuthi Eiam-somphol 
Mr. Samnak Gayapard 
Mr. Samer Jullavanich 
Mr. Somnuke Sriplung 

14. Royal Irrigation Department 

Mr. Nukul Tongtawee 

Dr. 	H. Eswaran 
Dr. 	James F. Parr 
Dr. John Ragland 
Dr. 	B.A. Stewart 
Dr. 	Paul Unger 

Mr. P.B. Dharmasem 
Dr. 	H. Somapala 

Dr. Masanori Mitsuchi 
Dr. Masanori Yoshilka 

Dr. 	S.M. Virmani 
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