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CHAPTER !.Introduction 

1.1 Study background 

There has been a drastic decrease in forest area, particularly 

in the tropics. One of the major causes for this rapid decrease 

is the expansion of cultivated land due to the pressure of popu-

lation increase and the influence of commercialism. Moreover, 

the increasing deforestation and reclaimed land has exerted a 

great influence on the global ecosystem, with such results as the 

greenhouse effect, due to increasing co2 including emission from 

the soil organic matter oxidation by clearing a forest. According 

to Houghton et al. in 1987, annual release of co2 caused by 

deforestation and increasing areas of shifting cultivation is 

estimated to be 1-2 Gt c y- 1 . 

The same situation is found in Thailand. A decrease in the 

total productive forest area during 1976 to 1986 was 26.1% 

(5176x103ha) of the forest area. Particularly, a sharp decrease 

in the same period was observed in the Northern and Northeastern 

region of the country. On the other hand, one estimate says in 

Thailand about one million people practice shifting cultivation 

operating on 4 million hectares of land (Dent 1992). 

However, reclamation of potential arable land from the produc­

tive forest is indispensable for production of food crops. That 

has been evident in recent years. A problem is that reclaimed 

lands are utilized for cultivation only for a relatively short 

period of time after clearing a forest, because of a shorter 



fallow period, and an inappropriate provision of money, labor and 

technology. Thus, their capability for sustained crop production 

is being rapidly lost. 

In general, most farmers in the tropics are not favored eco­

nomically. Therefore, they cannot afford high input technology 

for their crop production. It is necessary to develop low input 

alternatives for their crop production, such as effective 

cropping systems , to minimize soil degradation. To assess the 

alternatives, it is necessary to conduct a field study on 

ecological changes of the transition from shifting cultivation to 

continuous upland farming. 

1 . 2 Study ob jectives 

Many studies of shifting cultivation have been carried out 

from anthropological or geographical viewpoints, but published 

studies on ecological aspects of this subject have apparently 

been few to date. The e x tensive literature on this subject in 

Africa was summarized by Nye and Greenland (1960), Newton (1960) , 

and Jurion and Henry (1969) , and in Latin America by Sanchez 

(1973). On the other hand , in Southe a st Asia, close investigation 

on ecological aspects of shifting c u ltivation in Northern 

Thailand has been made by Nakano (1978) . Another study , "Shifting 

cultivation, an experiment at Nam Phlom, Northeast Thailand, and 

its implications for upland farming in the monsoon tropics"(Kyuma 

et al. 1983), describes the results of a dynamical study on 

ecological aspects of traditional practice of shifting 

cultivation. Based on the study, the authors made the following 

2 

conclusions. 1) There are certain rationales in the traditional 

system of shifting cultivation which are able to continue crop 

production for food, providing fallow periods following short 

periods of cultivation could be long enough for completing 

secondary forest regrowth. 2) Some merits in the practice of 

traditional shifting cultivation drawn from the study may help 

the establishment of stable upland farming, for example adoption 

of zero- or minimum-tillage, mulching and intercropping systems. 

However, the actual situation of shifting cultivation in 

Northern Thailand is more serious than expected . During the dry 

season of 1990, the author traveled in Northern Thailand to 

investigate the shifting cultivation area. In most slash and burn 

fields, long-cultivation and short-fallow was observed to be the 

norm. Moreover, tractor tillage has been carried out in these 

fields, despite steep sloping land . Most fields were used to 

cultivate some cash crops, such as maize, ginger and garlic, 

under no fertilization and single-cropping conditions. Thus, the 

present practices may be regarded as semi-continuous upland 

farming with slash and burn practice without compensation of the 

soil degradation. If farmers continue such a practice for a few 

decades , the forest in the area not only disappears, but also 

even the area of arable land may decrease seriously. 

The objectives of this study, therefore, were to elucidate the 

ecological changes during the transition from the initial state 

just after clearing a forest to a long-term cultivation state 

with slash and burn practices, and the ecological advantages of 

multiple cropping systems, by on- farm research. Furthermore, the 



author hopes that results obtained from this study will 

contribute to the development of sustainable agriculture in the 

monsoon tropics . 

CHAPTER 2. Description of study area and research procedure 

2.l.Location and climate 

The study area is located in the northernmost part of Thailand 

at the latitude of l9°50'N and the longitude of 100°23'E with an 

approximate elevation of 500 m above the mean sea level. Adminis­

tratively, it is included in Ban (village) Rakphaendin, Tambon 

Tab Tao, Amphoe (district) Thoeng, Changwat (province) Chiang Rai 

as shown in Fig.2-1. 

Based on Kyuma's classification of climate in South-East Asia 

(1977) and Koeppen's, the study area is classified as Group VII, 

in the Central India-Northern Indochina Region, or Koeppen's Aw. 

According to the climatic data obtained from the study site 

between April 1991 and March 1992 (Table 2.1), and between April 

and September 1992 (Table 2.2) and from the Chiang Rai Horticul­

ture Research Center near Chiang Rai city between 1982 and 1992 

(Table 2.3), in the dry season, the monthly minimum temperature 

during the period from December through February is usually below 

13°C, and in the rainy season, it went up to above 20°C during 

the period from April through October at Chiang Rai and from 

April through September at the study site in 1991, though below 

19°C in April, August and September in 1992. The monthly maximum 

temperature exceeds 30°C from February through September at 

Chiang Rai, and from March through July at the study site. 



Annual rainfall ranged from 1,324mm to 1,936mm. Mean monthly 

rainfall was fluctuating from zero in March to 640mm in August. 

The fluctuation was quite large. The daily maximum rainfall was 

lSSmm in the study area in 1991, but only 62mm in 1992. A 

shortage of rainfall limited crop growth during the dry season, 

whereas it was considered as enough for growing annual crops 

during the rainy season in 1991. However, in the rainy season of 

1992, sum of rainfall from April through September was less than 

a half of rainfall of 1991, in comparison with the same period. 

Thus, farmers in the study site could not but delay the planting 

time because of a shortage of rainfall on April and May in 1992. 

Moreover, through the all cropping period, monthly rainfall in 

1992 was much less than that in 1991. Therefore, these facts 

should be taken into consideration when crop productivity between 

in 1991 and 1992 is compared. 

Sunshine data was recorded from April through November in 1991. 

The monthly sum of daily sunshine was above lO,OOOcal/cm-2/month 

in April and May, and September. The monthly maximum sunshine 

was highest in May, attaining above 13,000cal/cm-2/month. The 

result was that there was a peak of sunshine between April and 

May, following September and October . The Monthly minimum 

sunshine was between June and August due to have much heavier 

rainfall or many cloudy days . However, even the month of minimum 

sunshine, the data was above 9,000cal/cm-2/month. Thus, it can be 

considered that there is no limiting factor of crop growth for 

sunshine in the study area. 

6 7 
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2.2.Village life 

2.2.1 Development of t he village 

Ban Rakphaendin was formerly called Ban Huai Tin Tok which 

comprised some 30 families of Yao (Iu Mien) people practicing 

shifting cultivation. In 1967 the Yao people migrated to other 

places due to the danger from nearby battle fields between the 

Thai soldiers and the Communist Guerrillas. After the unrest was 

ended in 1980, the Thai Army planed a resettlement program in the 

area f o r the national security purposes. In 1981 a reservoir was 

cons t ructed for househo ld use and as the power s ource of a SO KW 

electric generator which has been operated sinc e 1983 . 

In 1981 the Thai Army also started to rec ruit people from 

among those, living in the neighboring lowland areas, and 

possessing no lands to cultivate. The qualified persons would 

received use-rights of about 15 rai (lha =6.25rai ) of mostly 

sloping land. 

Wh e n the village was established in 1982, it comprised 49 

households of Thai people. Since then some of them have moved out 

to the lowlands again due mainly to the difficulties in living in 

this mountainous area. In 1987 the number of Thai households 

decre ased to 28 and, inste ad, 10 households o f Hrnong people were 

allowed to live i n the v i l l ag e . At pres e nt there are SO 

households with 286 inhabitants. Fifty-four pe r c ent of the total 

population are younge r than 20 years old whe r e a s only six percent 

are older than sixty. While the Thai peopl e t e nd to move out to 
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find a better life in lowland areas, Hmong people are moving into 

the village because of better communication and facilities . As a 

result Hmong people are now the majority with 34 households and 

220 inhabitants- The movement of villag~r and population are 

shown in Fig . 2- 2 and Fig . 2-3, respectively. 

2.2.2 Land t e nure a nd land-use 

An important objective of the resettlement program was to 

maintain the national security by developing the sense of belong-

ing and loyalty to the nation. Since all land in the area was 

regarded as public domain, property of the State. A portion of 

the uplands around the village was divined into 50 un i ts having 

an area about of 15 rai each . Use-rights of the land, one unit 

per household, was given to the villagers but document of land 

title was not issued. Thus they can be only possessors not owner 

resulted in that they cannot legally sell the land to other 

persons. The right of possession will remain as long as the 

person lives in the village, in other words, it ceases if the 

possessor leaves the village permanently for new place . 

All families in the village are directly involved in 

agriculture . Only few of them supplement their incomes with wage 

labor . In practice the villagers cannot make their living only on 

the land officially provided because they can continuously culti­

vated the land for a period of 2-4 years due primarily to weed 

problems, in particular Imperata spp . , which occur after clearing 

the forest. In the first year after clearing they usually grow 
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upland rice for subsistence and maize as a cash crop from the 

second year. Then the land must be kept fallow for a period of 4-

5 years, not as long as other cases reported in several litera­

tures. Thus a minimum of 4-5 land units per household is needed 

for rotation in their process of shifting cultivation. As a 

result, vast forest areas with convenient access were illegally 

brought under shifting cultivation. 

In the past unoccupied land plentiful, the suitable land for 

agriculture could be easily acquired. The person who permanently 

left the village did not have an idea of selling his occupied 

land. His use-right of the land was given freely to the new 

person adopted into the village by the village committee. As the 

population continues to grow resulted in increased demand of 

land. In recent years the villager who planed to move out sold 

his house including the use-rights of the household and land 

officially provided and the occupied land before leaving the 

village. Although this practice is illegal, it is recognized by 

the villagers. 

2.3 Research procedures 

An ecological study was started in 1990 in slash and burn 

fields with different land-use history under the same climate, 

soils and farming practice. The study site was farmer's fields 

cropped maize without fertilization. 

In the first year of this study (1990) these fields were divided 

into three parts according to the land-use history, and an inves-
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tigation of soils, weed and crop has been carried out under maize 

cropping for three years in each field. In the second year(1991) 

the experimental field was set up within the study area by clear­

ing and burning a secondary forest after the present practice of 

the villager, and studies to characterize the initial state of 

the slash and burn field and to evaluate the effect of tillage by 

tractor on maize cropping were conducted. In the third year 

(1992) another experimental field was cleared, and studies to 

evaluate the effect of the various cropping practice on the 

yield, the biomass and root system of maize, upland rice and 

soybean were conducted. 

Thus, in this paper the experimental fields were divided into 

five, i.e. F2, F3, F4, F5 and F6. These fields are characterized 

by different land-use histories, that is, the successive cropping 

periods of F2, F3, F4 and F5 were 4, 5, 10 (with two 1 year 

fallows) and 1 year, respectively, and F6 just after clearing as 

in 1992, as shown in Table2.1. In the case of F4, F5 and F6, 

these fields were divided to two parts by whether tillage was 

conducted or not. A no tillage plot along the T51 and T61 line 

and a tractor tillage plot along the T4, T52 and T62 line were 

compared in order to make clear the effects of tractor tillage on 

crop production and soils which has been rapidly wide spreading 

in Thailand recently. 

In all fields, observations and measurements of various ecologi­

cal factors were carried out under single-cropping of maize, and 

among them two fields were used due to conduct some experiments 

with respect to various cropping practice. 
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the study site was about 500 m above the mean sea level, although 

shifting cultivation is practiced in the higher altitude sites , 

too. 

Most of villages in the study area were established by 

immigration of lowland farmers according to a resettlement 

program planed by the Thai Army . However, Hmong people , who are 

shifting cultivator moved from Yunnan in China through Laos , are 

now the majori~y in broad area . Their farming in slash and burn 

fields include long-cultiv ation and short-fallow, or long­

cultivation and abandonment . With respect to the period of 

cultivation and fallow, these practices are clearly different 

from traditional shifting cultivation. Moreover, in a past few 

years, even a tillage with tractor has been introduced into their 

slash and burn field on the sloping land. Therefore, this study 

was carried out at the fields where lowland farmer or Homng 

people practice a slash and burn agriculture. Such a practice has 

been commonly done in northern Thailand, in a past few decades. 

Hence, the study site selected for this research may be 

estimated to reflect the present situation of shifting 

cultivation in the monsoon tropics . 

ii) Research procedures 

At first , ecological studies were carried out on farmers 

field with different land-use histories under the same practices 

and crops. The second, the effect of intercropping systems in the 

slash and burn fields on crop ecology was investigated, in 

special reference with morphological changes of the root 
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distribution of the crops under single-cropping conditions as 

well. 

The farmers practices of the study site can be described as 

follows: in the dry season before premonsoon showers, woody 

vegetation in fallow and crop residues and weeds in successive 

cropping are cut, and then burnt. A field is fired at random 

direction, although traditional shifting cultivation is burnt 

from the top to downward due to keep burning for longer time, so 

called "good burn''. In most of their fields, only very shallow 

cultivation with hoe is practiced . Some farmers have plowed using 

tractor with disk upto 30-40 em depth. Maize seeds are sown into 

the hole dug with hoe when rain lasts several days in the end of 

April or to May. The crops are harvested in August or September 

according to the sowing time. Multiple cropping systems and 

mulching are not generally practiced in the study area, in 

contrast with traditional shifting cultivation . This should be 

kept in mind when an establishment of continuous upland farming 

is developed in this area. 

An investigation was conducted at field after farmers practices. 

The invesLigaLion revealed changes on the soil fertility and the 

crop production of the fields having different land-use 

histories, in 1991 and 1992. However, the crop production 

obtained in 1992 was considerably different from that in 1991 

because of scarcity of rainfall compared with average rainfall in 

the past decade in Chiang Rai province. Therefore, it may be 

necessary to continue the field investigation in time series for 

the further research. 
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The experiment on different cropping systems was carried out at 

the field just after clearing the secondary forest. Crop 

combinations, which are commonly practiced in the tropics, were 

used in this experiment. An experiment with a combination of 

maize and soybean had been carried out in experimental field in 

Japan, before conducting similar experiment in Thailand. Hence, 

an experiment on cropping systems could be compared between field 

research in an experimental farm in the temperate region and on­

farm research in slash and burn field in the monsoon tropics. 

lo 

CHAPTER 3 . Topography and soils in study site 

3.1 Topography 

3 . 1.1 Methods 

A topographic map of the study site was prepared, making by a 

clinometer, a bamboo stick, and a tape measure (Fig.3-1), before 

dividing the study site. The elevation of the study site was 

measured by an altimeter. As shown in Fig.3-1 , a circle mark is 

a standard point for the investigation of the topography, a star 

mark is a point where a soil profile was described and soil was 

sampled, and a square mark is a point where an equipment for the 

evaluation of the amount of run-off is settled . 

Soil depth d i stri bution along of T2, T3 , T4 , TS1 , TS2 , T61 and 

T62 was investigated in order to distinguish soils from bed rock . 

A boundary of bed rock was defined as a layer with more than SO 

percent of rocks . 

3 .1.2 Re sults and discus sion 

As s ho wn i n Fi g. 3- l , the e xperime n tal fields for the study 

were located o n both sides of a small valley , and consist in t wo 

hilly fields on the north and three fields on the gentle hillside 

on the east . The slope gradient of the experimental fields 

ranged from 12° to 36°, and the slope of F2 and F3 is steeper 

than that of F4, FS and F6 . Elevation at the bottom of valley is 

about SOOm a bov e mea n sea level . I n rainy season, a s pring is 
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flowing out in a westward direction, and join Ngao river. 

Soil depth in each transect is shown in Fig.3-2a and Fig.3-2b. 

Based on these figures, the soil depth tended to be thicker in 

the lower part of a slope. In the case of T4 in F4, the soil 

depth was relatively deep except in the middle part, whereas in 

the case of T51 in FS and T52 in FS, the soil depth was deep in 

all parts. After these investigations, a sampling points, which 

were shown by a wedge mark in the Fig.3-1 was determined. 

3 . 2 Soil s 

3.2.1 Soil samples examined and analytical methods 

For the determination of gravel contents, soils at 0 to 10 em, 

10 to 20 em, and 20 to 30 em were sampled. For the chemical 

characteristics of the fine earth fraction (less than 0.2 em), 

soils at 0 to 10 em, 10 to 20 em, and 20 to 30 em were sampled 

and soils below 30 em were sampled at every soil horizon. For the 

examination of changes in soil characteristics before and after 

burning composite soil samples at 0 to 5 em and 5 to 10 em were 

made by mixing the soil samples collected from 8 points around 

the soil sampling points . 

Disturbed soil samples at 0 - 10, 10-20, 20-30 em depth were 

collected to determined fertility status and undisturbed 100 cc 

core sample for physical properties. The figures of chemical 

properties were calibrated on the basis of total weight of the 
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soil mass (fine earth+ gravel). A principle component analysis 

with varimax rotation was employed on data analysis. 

Moist soils sampled for chemical analyses were air-dried, 

crushed, and sieved through 2 mm sieve, and then the water con­

tent were determined. 

Soil chemical and physical characteristics were determined by 

following methods. 

(1) pH (H20,N-KCl)was determined by a glass electrode pH meter 

with a soil to solution ratio of 1 to 5. (2) Exchangeable bases 

were extracted by NH40AC, and the Ca and Mg were determined by 

atomic absorption spectrometry and the Na and K by flame emission 

spectrometry. (3) Exchangeable acidity was determined by titra­

tion of 0.01N HCl and successively exchangeable Al by titration 

of NaOH after addition of 1M NaF. (4) Available Phosphorus was 

determined by molybdenum blue method after extraction by Bray 

No.2 solution. (5) Total carbon and nitrogen were determined by 

CN-corder. 

(6) Air phase volume was determined by volumenometer and water 

phase and bulk density by oven drying at 105°C. (7) Saturated 

hydraulic conductivity by permeameter at constant head. (8) 

Moisture characteristics by sand column, pressure plate and 

centrifugation at 0 to 3.16 KPa, 3.16 to 100 KPa, 1500KPa, re­

spectively. (9) Soil texture was determined by the pipette meth­

od. The < 2mm soil fraction was treated with H2o2 and dispersed 1 

N NaOH. Sand fraction were separated by wet sieving, and silt and 

clay fraction by sedimentation . The particle-size classes are 

coarse sand, 2-0.2; fine sand, 0.2-0.02; silt, 0.02-0.002; and 
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clay, < 0.002 mm. The textural classification was made according 

to the system adopted by the Japanese Society of Soil Science and 

Plant Nutrition. 

3.2.2 Results and discussion 

i) Relationships between gravel contents in soil and topography 

Gravel contents at 0-10, 10-20, and 20-30 em depth and the 

value of the slope gradient are given in Table 3.1. Average 

values of gravel contents at 0 to 30 em are summarized in Table 

3.2. Based on the weight percentage of the fine earth fraction 

(Table 3.2), soils examined may be divided into the following 

three Groups; 

Group 1: Fine earth fraction is more than 90% 

Group 2: Fine earth fraction is in between 70% and 90% 

Group 3: Fine earth fraction is less than 70% 

Soils assigned to Group 1 and T21, T31, T41, T511, T512, T513, 

T521, and T523. Soils assigned to Group 2 are T23, T42, and T522. 

Soils assigned to Group 3 are T22, T24, T32 , and T33. 

Fig.3-3 shows a significant correlation between slope 

gradient and the weight percentage of the fine earth fraction. 

This suggests that 1) weight percentage of the fine earth 

fraction decreases with increasing slope gradient, 2) if the 

slope gradient is larger than 20°, the fine earth fraction is 

less than 60%, and 3) if the slope gradient is smaller than 12°, 
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the weight percentage of the fine earth fraction is more than 

90%. 

Thus, topographic characteristics of three Groups are summarized 

as follows : 

1) Group 1 is characterized by the slope gradient smaller than 

12° or located in the lower part of slope. 

2) Group 2 is characterized by the value of the slope gradient 

in between 12° and 20° and located in the middle or upper part of 

slope . 

3) Group 3 is characterized by the value of the slope gradient 

larger than 20°. 

Table 3.3 shows the correlation data between gravel contents and 

the value of the slope gradient, indicating that very large 

gravel or fine earth fraction is correlated with the slope gradi­

ent most significantly. Hence, it is concluded that as the value 

of the slope gradient increases, the weight percentage of the 

fine earth fraction decreases and very large gravel contenL 

increases. 

ii) Soil fertility in each field 

The data in Table 3.4 are modified with respect to gravel 

contents to evaluate fertility of field soil but not of fine 

earth fraction. Based on Table 3.4, the following statements may 

be made. 

1) Soil pH tended to decrease with depth. The soil pH of FS was 

lower than that of F2,F3 and F4. Exchangeable Al increased with 

depth in FS. These suggesL that soils that have been fallowed for 

26 

eight years are subjected to acidification, resulting in higher 

amount of Ex.Al in the subsoil, whereas soils under successive 

cropping are subjected to neutralization caused by ash addition 

(Table 3.5). 

2) Exchangeable Ca, Mg, total carbon, total nitrogen, and avail-

able phosphorous in F2, F3 and FS decreased with depth, whereas 

those in F4 fluctuated within the profile, indicating a mixing by 

tractor tillage. 

3) The higher the gravel contents, the lower the Ex.Ca, Ex.Mg, 

total carbon, total nitrogen, clay content, and available 

phosphorous, suggesting that gravel contents greatly affect soil 

chemical properties and hence soil fertility. 

4) Hydraulic conductivity was highest in F4 and moisture content 

at 100kPa was lower in F4 than in F2, F3 and FS, since tractor 

tillage promotes permeability and reduces water holding capacity. 

Kosaki et al. (1989a) employed a principal component analysis 

to extract factors causing soil variation in soil pH, organic 

carbon, available phosphorous, exchangeable cations and particle 

size distribution, and extracted four factors to be named as 1) 

inherent fertility factor, 2) available phosphorus factor, 

3)acidity factor, and 4) organic matter factor. Moreover, Kosaki 

et al. (1989b) identified yield determining factors by a princi-

pal component analysis in rice growing environment, and performed 

a regression analysis to derive a yield prediction function using 

the extracted factors. 

The author also performed a principal component analysis with 

varimax rotation to extract factors causing soil variation in 



soil pH, org a n ic carbon and nitro gen, exchangeable cations 

(Ca,Mg ,Al) and clay cont ent , hydrau l i c c o nduc t i vity and moisture 

conte n t a t a suction o f l OOkPa. Three fac t o rs were extracted as 

shown i n Tabl e 3 .6 and Table 3.7. Based on the correlation in 

Table Fac t o r 1 is positively correlated with exchangeable Ca 

and Mg, and t o ta l c arbon and nitrogen, so that it is considered 

soil chemical f e r t il i ty factor. Its high positive score implies a 

high soil c hemic a l f e rtility. Factor 2 is positively correlated 

with exchangeable Al and clay content, and negatively correlated 

with pH(H20), and hence it is considered to be an acidity factor. 

Its high positive s c ore implies a high acidity. Factor 3 is 

negatively correlated with moisture content at lOOkPa tension and 

posit i vely correlate d wi th hydrauli c conduc tivity. It is thus 

i nterpre t e d as a dryne ss fac t or. Its high positive s core implies 

a tendenc y t o be readily dried. 

Based on these fa c t o r s cores shown in Table 3.8, the following 

statement may be made . 

l) Soil c he mic al f e rt i lity decreases with depth in F2, F3 and 

FS, whi l e it fluctuates in F4, indicating an effect of tractor 

tillage. In F2 and F3, the factor score is governed by a location 

on a slope , that is, the score is lower in steep sloping loca-

tions with a high gravel content (Table 3.2) . On the other hand, 

a low s o il c h e mica l fertility in a deeper horizon of FS is at-

tributabl e to l o w exc hangeable Ca and Mg contents, which are 

resulted from leaching during the fa l lowed period. 

2 ) Ac idity fa c t o r i s mu c h higher in FS than F2, F3 and F4, 

suggesting that a cid ity deve loped under the leaching condition of 
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TahleJ.I Cravco:l :tue d~atrtbut10n and slope g radtne-t. 

Loca-2 D•pth 
uon (c:e) 

V. large-
3 

...._rg&3 11e-du••l S..:\11 3 tane3 Slope 
gravel g ravel gr-avel gr=a,,.~l earth grad1ent 

( ~ ) ( ~ J ( XJ ( l. J ( l l (dos< .. l 

3 

0· 10 
10- 20 
20-30 
0·10 

10·20 
20·30 
0·10 

10- 20 
20-30 
0-10 

I 0· 20 
20- 30 

0·10 
1 o-20 
20-30 
0- 10 

10· 20 
20·30 

0 · 10 
10-20 
20·30 

0·10 
10· 20 
20•30 
0·10 

10·20 
20-JG 
0·10 

10- 20 
20-30 

0 00 
o.oo 
0.17 

15 . 63 
25.69 
32 . 04 

0. 71 
o.ss 
7.92 

18.26 
45 . 92 
32.77 

0.00 
0. 03 
o.oo 

13.29 
29.21 
16. 4 7 
2.66 
5. 61 
9.41 

0 . IS 
0. 00 
0.07 
4. 18 
4 . 31 

17 . 53 
o. 27 
o. 35 
0 . 31 

0 · 10 0 . 40 
10-20 o 5~ 
20·30 o. 29 
0·10 0.52 

10· 20 0 22 
20·30 I. OJ 

0-10 o.oo 
10·20 0 . 17 
20- 30 o.s1 

0·10 o.os 
10· 20 o.oo 
20·30 0. 52 
0-10 J,H 

10 - 20 9.75 
20 - 30 1 . 71 
0·10 o.oo 

10-20 o.os 
20 · 30 0 . 08 

0 . 48 
0 . 61 
0 . 10 
9 . 14 
7.93 
8.43 
I. 36 
2.05 
6. 24 
8.15 
5. 71 
7.28 

0.13 
o. 06 
0. 40 
5.88 
7.79 
6 .10 
6.86 
9. 63 
8 . 48 

0.06 
0. OS 
0. 09 
4. OS 
3.17 
9.44 
o. 53 
1.17 
0.65 

0 . 39 
1 . 25 
Odl 
0.53 
o.n 
! . so 
0 . 12 
0 . S I 
1. 02 

o.zz 
0.46 
0.2-1 
3. 29 
4.90 
4. 41 
0.19 
o. 32 
0.12 

1.32 
2. OS 
2 . 45 
7.48 
7 . 01 
6.78 
• • 78 
4.58 

12.00 
9. 90 
6.82 
1 . 86 

o. 20 
0.23 
o.H 
7 . 34 
8.81 
9.44 
9.95 

15.04 
15.58 

0.03 
o.os 
0 . 09 
s. 32 
4 . 77 
9.19 
1.11 
2 . 58 
o. 76 

2 . 20 
2. 66 
2.69 
3.28 
S. OS 
3 . 63 
4.67 
3.81 
7.H 
6.14 
4. 57 
4. 76 

0 . 94 
o. 57 
I . 25 
s. 27 
5. 60 
8. 24 
6. 4 2 
8. 37 
9.09 

0.26 
0.30 
o. 28 
5.00 
4 . OJ 
5. 62 
2.42 
3.13 
1.09 

1.19 1.36 
1.94 1.65 
1.33 1.80 
1.07 1.68 
1 . 34 1.91 
2.09 2.11 
0 . 69 2.18 
1.39 2.62 
1.14 2.06 

0. 4 5 0.92 
0.82 1.00 
0.52 0.86 
4 . 75 3 . 17 
7.89 4 . 33 
5.99 3.56 
0.42 0.84 
0.63 l.OJ 
0.32 0. 71 

96.00 
94 66 
93 . 96 
63.85 
54 . 29 
49.)1 
88 . 46 
58 . 71 
66.09 
56 . 93 
36.95 
47 . 32 

98.72 
99. 10 
91 . 60 
68.22 
48.58 
59.71 
H.IO 
6 I. 33 
57. 4 3 

99.49 
99.59 
99.46 
81.41 
83.70 
55.20 
95.06 
92 . 73 
9; .15 

96 . 61 
9 4 . 3~ 
96 . 10 
96.19 
95 . 74 
93 . 22 
97 . 0 I 
9S . JO 
95 , 25 

95.34 
97 . 71 
97.81 
85.04 
73 . 11 
81.26 
98.55 
91.96 
95 76 

1) 2. Jrd yC\,, r, J. 4th yf'or, .f. . 9th Y<' a..r. S and G. lst yea r 

9 

21 

17 

11 

17 

16 

9 .s 

16 

s 

15 

11 

10 

11 

IS 

16. s 

2) I. lowe• •lop•, 2. 1uddlo slope, 3. u ppe r slope 
3) V. l al'g n gravel : larg•r than 2ce . La rg~ gra,\o·~l · 1 t o 2CM, 
Hcd1U"' fCI" ,\Vel : 0.4 to lc• , s -.all g ravel: 0 2 to 0 . 4c• flU{• 
earth! t*•al l tr t hdn 0.2c• • 
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Tahle 3.2 Gravel size distribut1n and slope gradient 1n each 
samp1ng po1nt. 

Tran- Saml1ng V.large 1 

sect points gravel 
(X) 

Large 1 

gravel 
(X) 

Medium1 

gravel 
(X) 

Small1 

gravel 
{X) 

F'1ne1 

earth 
(XI 

Slope 
grad tent 
(degree) 

T2 

T3 

T4 

T51 

T52 

2 
3 
<l 

2 
3 

2 
3 

2 
3 

2 
3 

0.06 
2.\.-16 

3. 16 
32.32 

0.01 
19.66 
5.89 

0.08 
8.68 
0.32 

o. 43 
0.59 
0.23 

0.19 
6 .09 
0.05 

0.60 
8. 70 
3.22 
7.05 

o. 20 
6.59 
8.33 

0.07 
5.57 
0. 79 

0.71 
0.93 
0 . 55 

0.31 
4.20 
0.21 

1. 9•1 
7.0() 
7. 12 
8.20 

0.39 
8.53 

13.53 

0.06 
6. ·13 
1. 68 

1. 49 
1. 50 
1. 07 

0.60 
6.21 
0. 46 

2.52 
4.00 
5. 41 
5.36 

0.92 
6.37 
7.96 

0.28 
4.88 
2.21 

1. 67 
1. 93 
2.29 

0.93 
3.69 
0.86 

9-!.88 
55.75 
81.09 
4 i. 07 

98 .•!7 
58 .8·1 
64.29 

99.52 
f.l. 4·1 
94.99 

95.70 
95.05 
95.86 

97.96 
79.80 
98.42 

9 
21 
17 
2·1 

H 
17 
16 

9.5 
16 

8 

18 
11 
10 

11 
15 
16.5 

1) V.large gravel: larger than 2cm, Large gravel· to 
Medium gravel: 0.4 to lcm, Small gravel: 0.2 to O.~cm, 
earth: smaller than 0.2cm 

Table 3.3 Correlation between gravel contents and 
slope gradient. 

V .large 
gravel 

Slop" 
0. ~,g*"'"' grad1ent. 

(degree) 

Large ~led i urn 
gra"el gravel 

o. 71 u 0.60"' 

Small 
gravel 

0.53"' 

Fine 
earth 

-0 . 77 ~*'"' 

"'"'* : stgntflc;wt at O.lt, :>.: : signd1cant at l% 
* : £ignlfiCRnl at 5X 

2cm, 
Ftne 

Table3.4 Soil phyolcal and chtmical propert1es ~odl!led by gravel cont•nta 

Ficld
1

Loe 
1

Lay. 3 pH 

1120 

pH 
KCl 

txch•ngc•b!c c•tson5 
C• M9 AI P

2
o

5 
(c~ol(•)/kg)···· (mg/ 

100g) 

Total 7ot•l 

c " 

HC 4 110i6•~ 
(t!lm ture cl•y 
/hr) ( \) (\) 

CrAv~l 

( \) 

3 

3 

2 

3 

2 

l 

3 

1 

2 

J 

l 

( ~ ~ ( % ) 

6.57 5 62 0,91 6 .05 2.22 0.00 5 27 2.66 0 22 295 26.8 •• 74 
6. 51 5 2 3 0 53 3 . 81 I. 3 4 0. 00 1 8 4 I. 61 0. 1 5 7 7 3 2. 3 4 9. s 1 
6.29 4.82 0 29 2 .39 1.14 0 00 1 08 1.19 0.12 6! 32.7 52 24 

• 00 
5,32 
6 01 

6.30 
6. 12 
6.23 

6 .J6 
6 .JO 
6.01 

6.61 
6.65 
6.57 

6 10 
5 34 
5. 77 

5 22 0 45 2.67 
4.77 0 33 l.O 

4 89 0 H I. 48 

5 38 0 87 .. 61 
4 67 0 28 1. 50 
4.47 0 16 0.81 

5.96 0.41 2.90 
5.69 0.18 1.17 
s 47 o. 20 0.94 

4.91 0.37 4.31 
4.30 0.17 2 9< 
4.46 0.16 3 18 

1.55 0 00 
0.88 0 00 
0.84 0 00 

2 3 3 0 00 
I 9! 0 00 
l.Jl 0 ;9 

2.12 0. 00 
I 00 0.00 
1 13 0.00 

1.68 0.52 
1.00 0.00 
1.03 0. 21 

69 1.76 0.14 
. 2S 0 94 0.10 

l 46 0.63 0.10 

5.23 2.41 0.19 
: .21 1.1: 0.17 
0.69 0.70 0.07 

5.07 1.39 0.11 
1.70 O.Sl o.os 
0.97 0.41 0 04 

•. 10 2 34 0 23 
1.19 1.69 0 19 
1.30 1.32 0 14 

232 
185 

95 
4 2 

61 
100 
370 

285 
77 
22 

27 6 
24 3 

30. 4 

30.8 
3 2 7 

25 9 
H 

32 

30 9 
31 
33 

6 56 6.13 0 7 4 7 74 2.04 o.oo 15.57 2.55 0 23 232 27,7 
6.38 5.62 0.36 3 43 0.72 o.oo 2.97 1.:6 0 12 68 30.7 
6.14 5.12 0 26 2 93 0 48 o.oo 1.:7 0 93 0 10 

6 52 5.72 0 47 82 I 70 0.00 4 .36 05 0 18 14, 24.2 
6.10 5.22 0.26 80 1.09 0.00 1.97 22 0 12 
5 87 4 73 o 22 1 so o 6: o oo 1 <6 0.8: o oe 

6.27 5.H 0.61 7.59 2.81 0.00 2.55 2.<5 0.23 393 25 1 
6 58 5.52 0.40 7 72 59 o.oo 2.<1 2.53 0.24 \179 27.8 
6 37 5.28 0.34 6.23 18 0.00 1.:8 1.73 0.18 70S 25 2 

'0 20 36 l3 
26 22 <S 71 

2 4 41 so 88 

39 36 II 52 
42.05 II 29 
3 I 33 3 3 90 

20.55 43,05 
13.04 63.02 
17.37 52.67 

47.68 I. 27 
.. . 30 o. 89 
so. 17 2 39 

3~.;2 31 78 
22.15 51.41 
27.89 40 25 

27.86 25.89 
22.57 38 65 
2!.48 42.S6 

48.75 0.50 
50.89 0.40 
49 .9J 0 53 

5.70 4 .50 0.33 2 .16 
5.97 4.87 0.32 4.40 
6 .2 0 5 02 0.23 3 .19 

37 0.25 1.52 :.69 0.15 884 
Ol 0,00 1.50 2.27 0.19 442 

I 56 0.00 1 .21 1.59 0.13 354 

26.b 45 8 18 58 
25 .8 44.70 16.29 
27 1 32.13 <I 78 

6 16 5 12 0.91 3 33 
5.95 4 75 0,75 2.11 
6.30 s 20 0.77 5 .19 

I 84 0 00 3 91 1.68 O.:S 442 
I <8 0 10 : 36 1.38 0.13 4<2 
2.09 0 00 2.67 2 16 0 17 442 

27 6 43 .35 4.93 
26.4 43 40 7 26 
26 3 46.16 2 81 

5.97 4 86 0.62 3 .72 2.19 0 33 4 89 l 27 0 2l 3$3 33.6 54 89 
5.61 4 24 0.26 1.13 I 09 0 82 1.03 1.70 0.15 3<5 35.3 52 35 
5 62 4 1' 0.19 o.J3 o.95 1 60 o 9< 1 29 o 12 :•o 2~.2 60 35 

6.09 
s. 34 
5 21 

5 83 
5 38 
5.35 

4.91 0 60 5.36 2.58 0.00 4.85 89 0.22 
4.12 0 62 1 . 40 1.16 0 59 0,00 1.43 0.1J 
4.05 0 34 0.54 0.45 I <6 0.83 0 91 0 09 

4.42 0 57 2 49 2.87 0.17 s.:o 75 0 27 
4.04 0 24 0.94 0.95 2.28 1 68 I 66 0 16 
4.09 0 21 0.47 0.34 2.73 1.19 1 22 0 12 

211 32.6 
223 33.1 

20 35 1 

45 .98 
53.71 
53. 7~ 

55. 48 
59.27 
62.12 

3 H 
s 65 

89 

3 80 
25 
77 

I. 4 S 
2. 15 
I. 66 

11 2. 3rd yc•r. 3 4 th ye_ar 9th rr•r. 5. 1,~ ye•~ 
2} l. lower •lopr.. 2 middle alope, l vppcr slopt> 
3) 1. 0-10 CM. 2. 10-20 em, 3. 20-30 em 

4} HydrAulic conductLVity. 
S) Moi5tur~ conttnt &t 1000 "P• . 
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Table 3 . 5 Chemical properties and amount of ash 

Field Locations F.C 
(ms) 

pu" ) Na K Ca Mg NH4 P205 amount 
H20 -------(cmol(+)/Kg-------- (mg/100g) (ton/ha) 

2 

3 

4 

5 

Lower-L1 ) 
Lower-R 2 l 
Middlcl-L 
Middlel - R 
Middle2-L 
Middlc2 - R 
Upper-r, 
Upper- R 

Lower-L 
Lowcr-R 
Middle- L 
Middlc-R 
Uppcr-L 
Upper-R 

Lower-L 
Lower-R 
Middlc-L 
Middle-R 
Upper-L 
Upper-R 

Lower 
Middle 
Upper 

31.0 11.6 0 . 23 138.9 0.02 4 0 . 00 4 0 . 027 
25 . 0 11 . 8 0.31 76.7 0.023 0.000 0 . 018 
17 . 3 11.4 0.30 71.4 0.007 0.038 0.021 
23.8 12.1 0.3 4 96.7 0.035 0.00 4 0.020 
40 . 0 11.9 0.27 186. 4 0.077 0.008 0.019 
18 . 8 11.2 0.23 
19 . 1 11.5 0.27 
21 . 0 11.0 0.26 

72.0 0.0 43 0.025 0.019 
72.0 0.001 0.023 0.01 4 
80.6 0.027 0.072 0.01 4 

2.52 
0.95 
6.91 
2.78 
1. 61 
2.00 
5.69 
5.70 

28.0 11.7 0.27 119.9 0.020 0.004 0.029 3.17 
19.5 10.9 0.2 4 76.7 0.021 0.008 0.025 4.08 
23 . 8 11.5 0.34 97.6 0.023 0.008 0.017 2. 4 2 
41 . 0 11.0 0.28 199.9 0.030 0.025 0.021 10.91 
26.8 11.0 0.44 113.6 0.030 0.031 0.018 5.61 
34. 0 11.2 0.35 155 . 1 0.015 0.004 0.018 6.08 

39 . 9 11.6 0. 42 191.8 0.021 0.004 0.018 
33 . 3 11.0 0.29 45.8 0.040 0 . 015 0 . 026 
15 . 8 11 . 6 0.29 54. 3 0.004 0.000 0.01 6 

3 . 45 
1. 03 
1. 37 

17 . 3 12.0 0.29 57.5 0.012 0 . 004 0.019 1 . 20 
48 . 0 11.2 0.78 205.2 0.024 0.036 0.015 19.88 
42 . 8 11.8 0.6 4 238 . 2 0.092 0.031 0.019 3.37 

37 . 5 11 . 9 0.51 172.6 0.008 0.000 0.019 3.93 
24. 0 11 .4 0.37 99 . 1 0.00 4 0.051 0.013 52.22 
11 . 2 11.2 0.3 4 52.8 0.00 4 0.088 0.012 47.75 

0.77 

0.97 

0.37 

12.70 

* ) pi!(H20) ; ash to solution ratio of 1 to 5, 1)L;left side of the location 
2)R ; right side of t he location 
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secondary forest is neutralized by a successive cropping. Based 

on the results of Nye and Greenland (1964), the pH value of upper 

30cm increased from 4.6 before burning to 8.1 after burning, and 

dropped below s.s after one year cropping. This indicates that 

the effects of ash are exerted to the soils at 30 em depth. 

In this study, the pH value of the soils at 30 em depth in F2, 

F3 and F4 did not drop below 5.5. This suggests that the effects 

of ash may be still continuing after one year cropping, in spite 

of both the depletion of basic cations by crops and the leaching 

of cations by rainfall. However, further study is necessary on 

the effects of ash. 

3) Dryness factor is much higher in F4 than in F2, F3 and F5, 

suggesting that a tractor tillage would lead to a decrease of 

water holding capacity in a soil, since soil structure might be 

destructed, resulting in an increase of the macro pores . 

3.3 Effect of soil Aluminum on maize 

Before felling and burning forest soils may be acidic because 

fallow fields are subject to leaching . In slash and burn fields, 

ash obtained from burning the forest may come to ameliorate the 

soil acidity because ash provides a large quantity of 

exchangeable base. 

The problem of soil acidity in the tropics has been studied by 

many researchers among whom the study of Sanchez et .a l is 

especially excellent. They have proposed that the percent Al 
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saturation of the effective CEC (ECEC) is more useful parameter 

of soil acidity rather than the absolute amount of exchangeable 

Al. However, there still is no general agreement on Al satura­

tion, as the parameter is used to estimate the likelihood of 

lower yields in acid soils. 

Under an acidic condition, the value o£ Al-saturation seems to 

be more important than the absolute amount of exchangeable-Al in 

affecting crop growth. In case of low effective-CEC, Al­

saturation would be high, even if the value of exchangeable-A! is 

low. In case of high effective-CEC in comparison with 

exchangeable-A! of high content, Al-saturation may be relatively 

small. If Al-toxicity were caused by the absolute amount of 

exchangeable-Al, toxicity would be observed in this case. In 

contrast, if Al-toxicity is caused by the degree of Al­

saturation, when the ECEC is small, even a low exchangeable-Al 

may cause toxicity. 

In general, improvement of the acid soils requires 

neutralization of the exchangeable aluminum, but farmers in the 

tropics cannot afford to buy any liming material. Therefore, ash 

obtained from burning forest help very materially to ameliorate 

the acid soil . 

The following experiment was carried out to examine the 

effects of Aluminum toxicity on maize and also to evaluate 

mechanisms of Al-toxicity in acid soils. 

:~:; 



3.3.1 Materials and methods 

Pot experiments were initiated with Iya soil in Shimane 

prefecture and Yakuno soil in Kyoto prefecture to determine 

whether the absolute amount of exchangeable-A! or Al-saturation 

is the better criterion for predicting maize growth reductions. 

Two sites with very low soil pH, less than 4.3, were selected. 

The soils were acid sulfate soil and Andisols. The acid sulfate 

soil was taken from a polder area in Iya, and the Andisol from a 

pasture in Yakuno. 

The properLies of these soils are shown in Table 3.9. The data 

in Table 3.9 are average values of composite samples taken from 

each of the replicates before applying the treatments. 

Soil pH was measured with a glass electrode pH meter with a 

1 : 5 soil-water and soil-lN KCl suspension. CEC was determined by 

both the ammonium acetate extraction procedure and sum of 

cations. Exchangeable bases were extracted by NH40AC, and Ca, Mg 

were determined by atomic absorption spectrometry and Na and K by 

flame emission spectrometry. Exchangeable acidity was determined 

by titration of O.OlN H and successively exchangeable Al by 

titration of 0.01 NaOH after addition of 1M NaF. 

Base saturation was calculated as; exchangeable bases/ 

exchangeable Ca, Mg, Na, K, Al and H. Total carbon and nitrogen 

were determined by dry combustion method using CN-corder. For 

the measurement of phosphate absorption coefficient(PAC), 25g 

soil was equilibrated with SOml 2.5%(NH4)2P04, at pH7.0, for 24 

hours. Phosphate remaining in solution was determined by the 

molybdo-vanadate method. 
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Soil texture was measured by the mechanical analysis and clay 

mineral were determined by X-ray diffraction analysis. Variable 

charge reaction was calculated as; (CEC-ECEC)/CEC. 

The method of preparation used in the experiments are as fol­

lows: 

Dilution 

Liming 

Soil 

1 

2 

1 

White quartz sand 

0 

1 

1 

Gross weight 

2.50 Kg 

3.75 Kg 

5.00 Kg 

The final pH levels were 4.7(Lime-l) and 5.5(Lime-2), 

in addition to the untreated pH 3.89 of Iya soils and 

4.35 of Yakuno soils(Lime-0). Buffer curves were 

determined for estimating the amount of CaC03 

required to adjust soil pH to the desired levels in 

each soil. 

The incubation study were selected for a greenhouse experiment 

using 'skyliner 95'a medium-maturing sweet corn variety. Soils 

were fertilized with N, P and K according to individual soil 

test; these fertilizers were added after the third mixture. 

One maize plant per pot was grown; harvests were made after 3, 

4, 5 and 8 weeks. Experimental design was a randomized complete 

block with two replications of each treatment. 
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3.3.2 Result and discussion 

i)Effect on treatment for soils 

The relationships between soil pH and exchangeable Al, soil 

pH and Al saturation for soils varying in liming and dilution are 

shown in Fig.3-4 and Fig.3-5, and chemical characteristics of the 

soils at each of three dilution and pH levels are listed in Table 

3.10. Based on Fig.3-4.Fig . 3-5 and Table 3.10, the following 

statements may be made. 

l) In liming treatment plots, both of the amount of exchangeable 

Al and Al saturation increased with decreasing pH level on 

account of decreasing base saturation by liming. Thus, at the 

lowest pH level the amount of exchangeable Al and Al saturation 

showed a maximum. 

2)In dilution treatment plots, while the amount of exchangeable 

Al decreased with increasing the dilution rate, neither base 

saturation nor Al saturation changes significantly, because CEC 

was simultaneously decreased by the dilution process. 

3) The relationships between soil pH and concentration of 

exchangeable Al in soil solution, as well as the soil pH and Al 

saturation were not necessarily the same for Iya and Yakuno 

soils. This suggests the difference is caused by the charge 

properties of the soils, i.e. the Iya soil is dominated by 

permanent negative charges and the Yakuno soil by variable 

negative charge. 

3X 

Tab le 3.9 Characteristics of Sample So1ls 

Soil IYA YAK UNO 
pH(H20) 3.89 4.35 
pH( KCl) 3. 42 4. 0 3 
CEC(me/lOOg) 23.60 41. l 0 

Ex. Ca 2.50 2.90 
Kg 0. 41 0. 16 
Na 0.06 0.05 
K 0.77 0.56 
A1 6.38 3.52 
H l. 4 2 1. 0 l 

Acidity 7. 80 4.53 
BaseSat(%) 15.80 8. 92 
AlSat 55.30 42.90 
TC l. 68 7.31 
TN 0. 13 0. 34 
Color Gray Black 
PAC 880 2150 
Texture LiC SiC 
CS(X) 15. 6 9 4.57 
FS 22.72 ll. 3 6 
Sll t 28.60 45.9 1 
Clay 3 2. 9 9 38. 15 

Clay mineral 

Al -V t (-) ( ++) 

Ch (-) (+) 
I t (+) (+) 
Kao (+) ( ++) 

Qz (+) ( ++) 

Ho ( ++t) (-) 

VCR. 0.20 0. 72 

Abbrevietion: CEC measured NH 4AC at pH 7; 

BaseSat,Suo of exch.bases/CEC. AlSat,exchAl/exchCa+ Hg+ 

Nat K+ Al+ H; TC, Total Carbon , TN, Total Nitrogen 
PAC, phosphate absorption coefficient, CS, coarse sand: 

FS, fine sand ; Al - Vt, Al-ver miculite; ch, chlor1te; 
I t , i 11 i t e ; K a o . k a o 1 i'n m 1 n era 1 s ; Q z , quartz ; 

Ho, montmorillonite;VCR. variable charge ratlo,CEC-ECEC/CEC 



Table 3.10 Characteristics of Sample Soils after Treatment 

(mean value of analYSIS made at 40 and 70 days after transplanting) 

Tre~ tmen t' 'pH (H.O) CEC Ex. Base 

SOil/ 

y 

D-0(1 . 0) 

D-1(2 1) 

D-2(1 1) 

a lime-0 

y 

a 

k 

u 

n 

0 

lime-l 

ll!De-2 

D-0(1 :0) 

D-1 (2 1) 

D-2(1·1) 

lice-0 

LiJe-1 

Lif!le-2 

4.42A 21 22.1A 6.46A 

4.45A 11.4B 3.48B 

4.52A 8.3c 3.00C 

3.97C 20.0A 2. 78C 

4.398 16.3B 3.968 

5.02A 14.8B 6.16A 

4.87a 3 '47.4a 5.64a 
4.82a 21. 1 b 2. 19 b 
4.92a 13. 2 c 1.48c 

4.62c 2 7. la 2. 19 c 
4.80b 25.8a 2. 75 b 

5. 19 a 28.8a 3.95a 

B.S 

(%) 
27.5A 

27.5A 

25.9A 

14. sc 
24.88 

41. 6A 

12.0a 
10.2a 

11. la 

8. l c 

10. 4 b 

14.8a 

Ex. A 1 Ex.H AlSat T.C 

(%) (%) 
3.45A 0.96A 29.8A 2.46A 

l. 98 B 0.90A 25.8A 1. 75 B 

1. 32 c 0.77A 23.9B 1. 55 B 

4.88A 1. 27A 53.3A 2.02A 
1. 83 8 0.938 25.5 8 2. 17 A 

0. 04 c 0.43C 0.7C 1.86A 

1. 81 a l.l7a 21.5 a 5.82a 
0.99b 0.83b 23.6a 3.92b 
0.81c 0.74b 25.2a 3.42c 

1. 78a l. 25a 36.2a 4.43a 

1. 49b 0.94a 29.8b 4.57a 

0.33c O.SSb 4.4c 4.16a 

abbreviat1on Ex.Base(me/100g),Na+ K+ Ca+ Kg B.S. Base Saturation 
Al Saturation, T.C, Total Carbon; 

A 1 Sat, 

1)0: Dilution Lime: Lllll1ng 

2),3) D1fferent letters sign1f1cantly different at p=O.OS 

10 

me/ 
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5 

<t 
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ii) Effect on treatment for maize growth 

Data on maize biomass is shown in Table 3.11. Based on Table 

3.11, in Iya soil, fresh and dry weight of maize shoots increased 

not only with increasing the amount of lime, but also with 

increasing soil dilution rate. On the other hand, in Yakuno 

soil, while shoot weight increased with increasing the amount of 

lime, the effect of dilution on shoot growth did not appear so 

strong. Root weight of maize increased with increasing the amount 

of lime, but the effect of dilution on root growth did not appear 

in either soil. 

Relative growth rate (R.G . R) is defined as the incremental dry 

weight increase divided by plant dry weight per unit time. R.G.R 

in liming treatment increased with increasing the amount of lime, 

but in the dilution treatment it did not differ significantly 

from the control. 

From these facts, it is suggested that treatment in these soils, 

shoot and root growth of maize appeared to be sensitive to liming 

but the effect of dilution on them was relatively small compared 

to that of liming. 

iii) Effect of exchangeable Al and Al saturation on mai ze 

Liming treatment for soils caused significant decreases in 

the amount of exchangeable Al and H, and Al saturation levels 

with increasing pH values, but also caused increasing base 

saturation levels. On the other hand, dilution treatment for 

soils was the cause of differences among the amount of 

exchangeable base, total carbon and nitrogen, significantly. 

12 

However, Al saturation, base saturation and pH value in dilution 

treatments were not significantly (Table 3.10). 

Until recently, low pH itself had been considered as a growth 

inhibiter in acid soils until some solution culture experiments 

with low pH condition without including Al and Mn was reported by 

Aimi et.al. (1953) and Tanaka et.al. (1974). There are many 

reports about the harmful effect of soluble exchangeable Al on 

crops with lowering soil pH. In this study also, decreasing the 

amount of exchangeable Al caused of increased plant height (Table 

3.12), weight and R.G R. In particular, it is markedly shown in 

Iya soil indicating a large difference of exchangeable Al. In 

this case, Al saturation in soils also decreased at the same 

time. 

Contrary to this, maize growth with dilution treatment did not 

necessarily correspond to the amount of exchangeable Al, but was 

inversely correlated with the Al saturation level in soils. 

Moreover, in case of the same level of Al saturation and the 

difference of exchangeable Al, the weight of both top and root of 

maize showed little difference between dilution treatment plots, 

in particular, the weight of root was no significant. 

Fig.3-6 shows relative fresh weight of maize as influenced by 

exchangeable Al and Al saturation in Iya and Yakuno soil. Based 

on Fig.3-6, the following statements may be made. 

1) A change in exchangeable Al, while keeping Al saturation 

levels almost constant, had no apparent effect on the crops. 2) 

Under an acidic condition, the degree of Al saturation appears 

more important than the absolute amount of exchangeable Al in 



affecting crop growth. This is in agreement with the experimen­

tal results of Sanchez et.al.(l976). They also reported that Al 

saturation levels in soil capable of supporting 90 percent of the 

maximum yields make a difference among soil characteristics, and 

crops. 

Soils used in the experiment also varied in relation to soil 

texture, composition of clay minerals, charge properties of soils 

and liming response (Table 3 . 10), and differences between fresh 

weight of crops and Al saturation levels appeared when 

exchangeable Al was almost a constant(Fig . 3-6). In the case of 

Iya soils, a strong negative correlation was observed between 

fresh weight and Al saturation (r=-0.8762), and while for Yakuno 

soils, the correlation was r=-0.4604. 

The differences in crop response may be considered to appear by 

the differences of liming response for each soil. The Iya soil 

is characterized as a soil of permanent negative charge dominated 

by 2 : 1 clay minerals. Hence, while exchangeable Al decreases with 

increasing pH values by liming, base saturation becomes high 

level due to a very small change in CEC. Therefore, the effect of 

low levels of Al saturation on crops may be appeared stronger, 

compared with Yakuno soil. 

On the other hand, the Yakuno Andisol is characterized as a 

soil of variable negative charge dominated by amorphous 

materials, and low base saturation due to a high content of humic 

substances. Therefore, base saturation levels did not become high 

with liming because effective CEC increased simultaneously with 

increasing pH values. In general, if a variable negative charge 

soil, such as a volcanic ash soil, consists of 2 : 1-2:1 : 1 clay 

minerals, the presence of much exchangeable Al may be considered 

to affect crops seriously. In the case of the Yakuno soil, a 

volcanic ash soil, it is dominated by 2:1-2:1:1 clay minerals as 

shown in Table 3.9. As a result, while the amount of exchangeable 

Al increased with decreasing pH levels, Al saturation became high 

as the amount of exchangeable base decreased. However, the change 

in Al saturation level with liming was small due to the soil's 

large buffer capacity. Thus, differences between liming 

treatments appeared to be small. 

Based on these considerations, the author suggests that a 

decrease in both exchangeable Al and Al saturation had a 

significant positive effect on the growth of maize. The 

difference in the crop growth was caused, among other factors, by 

the difference in charge properties of the soils; for in the acid 

soil with permanent negative charge, the effect of liming on the 

crop growth was prominent due to a sharp decrease in Al 

saturation, whereas that was not the case for the soils dominated 

by variable negative charge. 

Aluminum toxicity is one of the major contributing factors to 

poor crop growth in acid soils. Under acidic conditions, the 

degree of Al-saturation appears more important than the absolute 

amount of exchangeable Al in affecting crop growth. This fact 

indicates that slash and burn agriculture without applying any 

fertilizer and lime is practiced by using ash obtained from 

burning forest with the idea of improving their fields. 
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TableJ.ll Effect of Soil Treatoent on Plant weight,Relative Growth Rate 

and T /R ra tlo 

Treatoent' 1 

Soil 

D-0(1:0) 

D-1(2:1) 

0-2(1:1) 
y 

a Lime-0 

Lime-1 

L ue-2 

D-0(1:0) 

Y D-1(2:1) 

a D-2(1:1) 

k 

u L1oe-0 

n lioe-1 

o Lioe-2 

Whole 

F. I( .. , 

120.1C 21 

171.38 

209. 1A 

0.6C 

100. 38 

400.2A 

236.3b 31 

275.0a 

237.8b 

223.7b 

228.3b 

297.2a 

F. ., 

83.0C 

127.08 

152.3A 

0.4C 

75.08 

172. 7A 

165.8ab 

195.0a 

147.8b 

145.8b 

155.0b 

207.8a 

1) 0: Dilution Lime: Liming 

Top 

18.08 30.98 
19.4A8 36.68 

24.5A 55.8A 

O. lC 5.7C 

13.08 37.78 

48.8A 78.9A 

24.9a 87.8a 

31 . 3b 80.9a 

30.8b 86.5a 

26.2b 73.2b 

27.1b 86.3ab 

33.8a 95. 7a 

F.!( 

37.2A 

44.5A 

39.3A 

0.2C 

25.28 

95.6A 

70.3a 

80.2a 

90.0a 

77.8b 

73.3b 

89 . 3a 

2),3) Different letters significantly different at p=O.OS 

Root 

D.W 

4.7A 

5.9A 

5.1A 

R.G.R T/R"l' 

4 6. 0 8 3. 88 

55. 6 A 8 3. 38 

6 0. 7 A 4. 8A 

0.04C 8.1C 2.58 

5.8 8 57.38 4.5A 

13.7 A 96.9A 3.6A 

4. 7a 
6. la 

7.2a 

6. la 

5.5b 

6.5a 

68.6a 5.3a 

68. Sa 5 .la 

76.5a 4.3b 

48.4c 4.3b 

94.4a 4.9a 

70.8 b 5. 2a 

4)F. W: fresh weight(g) S)D.W: dry weigh t (g) 6)R.G.R: relative gro wth rate 
7)T/R: T-R ratio(Top dry weight I Root dry weight) 

Table3.12 Effect of Soil Treatoent on Plant Length (co) 

Treatment''/ 6/17 6/24 7/1 7/4 7/15 7/22 7/29 8/5 8/12 8/20 KGR 3 1 

Soil 

D-1:0 

Lime-0 D-2:1 

D-1: 1 

25.0 

2 7. 1 

2 3. 1 

25. 1 

2 6. 9 

2 3. 1 

I y a S o i 1 
24.6 24.6 *21 

27.0 27.1 * 
22.7 20.6 19.9 20.0 24.3 25.8 55.6 

0.0 

0.0 
66.3 0.0 

D-1:0 27.0 28.7 37.6 54 . 2 

Lime-! D-2:1 33.8 34.6 49 . 0 66.8 

0-1:1 28.9 35.2 53.8 75.1 

74.6 93.6 99.6 103.6 99.8 99.1 28.6 

83.9 98.5 101.1 94.8 90.0 92.5 24.7 

94.2 106.9 113.1 120.0 124.2 126.4 30.7 

D-1:0 29.3 42.3 74.0 106.2 138.5 163.0 161.7 171.2 173.0 176.4 43.7 
Lice-2 0-2:1 31.1 46.4 77 . 8 108.1 146.0 173.3 170.4 170.0 178.0 178.7 42.4 

0-1·1 27.8 54.1 88.8 124.7 162.6 187.0 201.9198.3 197.9 198.3 49.1 

So i 1 

1 o-1: o 
Lice-OjD-2 1 

ID-1:1 

Yak uno 

28.3 32.8 51.4 74.1 

s 0 i 1 

98.5 125.7 139.9 153.5 157.8 159.1 35.5 

85.2 110.3 127.6 138.8 142.3 145.8 30.1 

98.0 123.8 135.5 165.8 166.2 166.8 31.2 

30.1 33.5 

32.1 39.7 

44.4 

55.0 

ID-1:0 32.2 37.1 51.7 

Li l:le-110-2:1 30.1 36.8 58.7 

ID-1:1 32.1 41.7 58.1 

61.3 

72.8 

74 .6 102.1 130.1 144.2 159.5 157.6 160.0 32.9 

80.1 107.2 135.9 149.1 167.1 166.5 165.6 35.8 

74.8 105.7 130.8 148.2 174.3 177.9 177.2 32.7 

I D-1 : 0 

Lime-2j D-2: 1 

I D-1 : 1 

31. 1 31.9 

30.5 37.0 

30.7 42.9 

55.7 80.8 106.0 136.7 146.8 148.7 159.7 163.4 36.6 

62.9 84 .5 110.8 141 . 3 169.3 173.8 184.0 174.2 37.1 

61 . 9 79.1 108.0 135.3 155.4 181.3 185.2 182.4 34.9 

l)D: Dilution Li me: Liung 

2)*: wi t hered 

3) KGR: Growth Rate Hean value for 1--6 week 
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Fig 3-6 Relative FreshWeigh t of Corn as Influenced 

by Exch AI and AI saturation 

3 .4 Measurement of run-off 

3. 4 .1 Meth ods 

Nine run-off plots were set on slopes 13-15° in the experimen-

tal field. The area of the plots was 10m 2 (2m wide and 5m 

long). To minimize edge effect, galvanized plate 30 em in width 

was used as a border and a border area around the plot was main-

tained in the same condition as the plot area . 

Run-off water was collected into 3 plastic buckets with a 

capacity of 30 liters. The first one was fixed with a one seventh 

divider and the second one with a one third divider. Sediments in 

the run-off water were also collected. Run-off volume was 

measured with a graduated cylinder. 

There were 5 treatments as follows : 

4YR-NT 4 years of no-tillage maize cultivation 

4YR-TT 4YR- NT, but with tractor tillage in the 3rd year 

BUSH 7 years under bush fallow 

BURN BUSH with slashing and burning 

NT BURN with 1st year no-tillage maize cultivation 

TT BURN with 1st year tractor- tillage maize cultivation 

3.4.2 Res u l t s and d i s cussion 

Total rainfall during the growing season of maize from 

23rd April 1991 to lOth August 1991 was 754 mm. The amount of 



run-off was 0.8 % to 6.4 % of the total rainfall, as shown in 
Table 3.13 The amount of runoff when rainfall higher than 5 nun 

DaLe Rainfall(mm) Runofi(cu.m/ha) 
Table 3.13. The amount of runoff decreased according to --------------------------- --------------------

4YR-NT 4YR-TT BUSH BURN NT TT 
treatment, in the following order: 4YR > NT > BURN > 4YR-TT > TT Apr.28 13 0 0 0 0 0 0 

May. 3 20 3 3 0 2 3 3 

>BUSH ( Fig.3-7). 
4 6 0 0 0 0 0 0 
5 71 154 66 10 55 66 15 

The data in Table 4.13 show that in all plots only a small 
7 7 0 0 0 0 0 0 
8 20 19 B 5 13 13 7 
9 35 40 12 0 16 16 7 

amount of the rain water was lost from the soil through run-off. 16 45 40 12 7 41 35 10 
17 30 9 9 0 25 20 6 

This may be attributed to good soil structure (as low as 1.0 to 18 10 3 4 0 4 5 2 
21 7 2 2 0 1 1 1 

1.2 g/cc). Thus, soil erosion in the study area would not be a 
23 23 16 7 1 12 14 4 
27 11 1 2 1 2 2 2 

serious problem at this stage. However, cultural practices which 
Jun. 3 32 9 4 1 5 12 7 

4 7 1 0 0 0 1 1 

can maintain this good physical property should be developed due 
6 29 16 4 0 6 14 5 
8 33 85 16 7 40 64 14 

13 21 4 1 0 1 2 3 
to the tendency toward shortening fallow period in the area. 22 14 5 2 0 2 1 2 

23 10 6 3 2 5 5 5 
In the BUSH plot almost no runoff occurred. This indicates 24 24 4 1 0 3 2 2 

Jul. 2 11 1 0 2 2 2 1 

the main effects of 8 years of bush fallow on restoring structure 
17 25 7 3 3 5 13 5 
21 8 3 1 2 3 2 2 

of the soil, protecting the soil surface from raindrop impact and 
22 135 44 33 18 44 79 27 
30 15 2 1 1 3 4 2 

Aug. 1 20 4 4 2 6 4 3 
reducing the velocity of runoff. When the vegetation cover had 6 10 2 1 0 2 3 2 

been slashed and burnt, the amount of runoff significantly in- Total runoff 480 198 62 296 382 137 
% of Lotal rainfall 6.4 2.6 0.8 3.9 5.1 1.8 

creased from 62 to 296 cu.m/ha, and, when maize had been planted 

(NT-plot), the figure slightly increased to 382 cu.m/ha. .;oo 

Tractor tillage operation significantly reduced the amounts 
:.00 

of runoff in both 4YR-TT and TT plots, from 480 to 198 cu.m/ha 

and 382 to 137 cu.m/ha, respectively. This may be mainly due to 

surface roughness of the soil caused by tractor tillage. In 

~ •oo 
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:I 
:) 

B 300 

~ 

addition, continuous cropping tends to increase runoff as the 
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largest amount of runoff was obtained from the 4YR-NT plot. 
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Fig.3-7 The amount of run-o(( during growing season 
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3 . 5 Cellu lose decomposition in soi l s of sla s h and burn 

fields using Benchkote-paper 

3 .5.1 Meth od 

One of the methods to estimate microbial activity in soils 

is by determining cellulose decomposition in soils. Measuring 

cellulose composition in soils by using Benchkote-paper (Whatmann 

Ltd. , backed filter paper with polyethylene) was introdu ced by 

Tathuyama et.al (1984) . Benchkote- paper was cut by knife in 20 X 

30 em squares, and weighed. The weight of a test paper ranged 

from 5.47 to 5.69 g per squares . They were vertically buried into 

30 em depth, preparing five replications, on April 6th , at the 

lower part of F2, F6NT and F6TT. They were sampled every month 

from May to August, and washed by water, and air-dried . Data are 

presented a decrease the weight of test paper as percent 

cellulose decomposition. 

3 . 5 . 2 Results a nd disc ussion 

Fig . 3-8 shows cellulose decomposition of Benchkot e-paper in 

F2 and F6NT . Percent cellulose decomposition after one month was 

21 % in F2 , and 56 % in F6 NT . After three months it was more than 

85 % in both F2 and F6NT. Hence, in the initial stage after 

burial, microbial activity in the soil of the first field just 

after clearing forest , F6NT, was much higher than that in F2 , 

52 

successively for four years cropping . This suggests that the 

fallowing has a positive effect on the soil microbial population 

when compared to surface burnings . In the case of latter, it is 

referred to as partial sterilization. 

On the other hand, Fig.3-9 shows percent cellulose decomposition 

in the soils which is under no-tillage and tractor tillage plots 

in F6. Percent cellulose decomposition under tractor tillage was 

lower t han that under no-tillage , through the whole study peri od. 

The adverse effect of tractor tillage on microbial activity for 

cellulose decomposition by anaerobic micro-organisms may be 

attributed to the creation of soil macropores . 

Based on these facts, the following statements may be made : 

1) Successive cropping may decrease microbial activity for 

cellulose decomposition . Therefore, successive cropping may delay 

the breakdown of lignified plant and weed residues. 2) Tillage 

with mixing the soils and creations soil macropores restrains the 

activity of anaerobic micro-organisms . However, the relationship 

between these facts and plant growth are still unclear points . 

3.6 Con c lusion 

Soil c hemical fertility in t h e st udy site was markedly 

varied dependent on the locations of slope, compared with the 

variation by successive cropping . This variation was caused by 

the difference of effective soil depth and gravel content in the 

soil, i.e . , soil chemical fertility was high in lower part of 

slope having thicker solum and low gravel content, and was low in 

upper part of slope having shallower solum and high gravel con-



tent. 

Ash obtained by burning a forest is not only effective for soil 

fertility, but also ameliorated the soils that have been fallowed 

are subjected to acidification. This suggests that the basic 

cation is included ash affect Al-saturation level in acid soils. 

Tractor tillage was effective for a decrease of run-off by 

making macropores in the soil, whereas water holding capacity of 

the soil was reduced. The microbial activity determined with 

cellulose decomposition was low in successive cropping field and 

in tractor tillage plot. This may be caused by aerobic condi-

tions in these soils. 
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CHAPTER 4 Vegetation cover in study site 

4. 1 Secondary forest 

The secondary vegetation cover of FS and F6 before felling and 

burning was investigated which had been fallowed for 8 years and 

9 years, respectively. 

Under the climatic conditions as described above, "Mixed 

Deciduous Forest" stands as a natural vegetation , which has been 

replaced almost entirely by secondary forest due mainly to the 

shifting cullivation. In this study, the vegetation cover of FS 

was surveyed in March 1991, before starting the experiment. Both 

in FS and F6, the landform was faced to the Northwest and the 

slope gradient was ranging from 11° to 26°. 

Table 4.1 listed tree species observed in FS, indicating that 

Bambusa spp (Mai-pai in local name) are dominant, followed by 

Croton spp., Terminalia graucifolia Craib., Acacia comosa 

Gangnap., Albizia lucida Bebeth ., Lagerstroemian tomentosa Presl. 

and Dipterocarpus tuberculatus Roxb. Hence, the vegetation type 

in lhe study area would be semi-deciduous seasonal forest. 

4 . 2 Dynamics of weed species 

4. 2.1 Method 

To elucidate the succession and characteristics of weeds in 

Table 4.1 Tree species observed at a secondary forest 

Local name in Thai 

Mai Pai 
Term 
Sa a 
Haa 
Takean 
Long Lang 
Doeng Dong 
Kae Pa 
Sao 
Muad 
Pradu 
Haen 
Cum 
Pluay 
Madua 
Som poi 
Ja muad 
Ruk 
Poe Pa 
Plao 
Tiuu 
Oi Chang 
Nam han 
Pii 
Po Ooeng 
Po Daeng 
Yom 
Tao Dao 
Ten 
Sam t.ao 
Kaew 
Lumyai Pai 
Rae 
Ngao(Teng) 
Nguu Pa 
Ma kok 
Ma kok Don 
Ma kok Fen 
Ta Lo 
Ma Kahm Porn 
Yong Nu 
Hog 
Tueng(Pluang) 
Ko 
Sao Pa 
Kled 

Scientific name 

Bambusa spp. 
Bischofia javanica Bl. 
Brossonetia papyrifera Vent. 
Syzygium cumini Skeels. 
Hopea spp. 
Cassia fi tula 
Shoutenia hypoleuca 
Dolichanedrone serrulata Seem. 
Lagerstroemia tomentosa Presl. 
Helicia spp. 
Pterocarpus macrocarpus Kurs. 
Terminalia graucifolia Craib. 
Garuga pinnata Merr. 
Homalium spp. 
Ficus spp. 
Acacia rugata Merr. 
Bryonia adorescence Bl. 
Helanorrhoea spp. 
Sterculia sp. 
Croton spp. 
Cratoxylium spp. 
Lannea coromandelica Marr. 
Acacia comosa Gagnep. 
Dalbergia cana Grah. 
Antidesma montanum Bl. 
Sterculia guttata Roxb. 
Chisocheton siamensis Craib. 
SLmilax lanceifolia Roxb. 
Duabanga sonneratioides Ham. 
Polyalthia viridis Craib. 
Himusops elengi Linn. 
Walsula spp. 
Albizzia lucida Benth. 
Shore obtusa. 
Bombax spp. 
Spondias pinnata (L . F.) Kurz. 
Schrebera s wietenioides. 
Turpinia pomifera De. 
SchLme willichii Korth. 
Albizzia odratissima. 
Dipterocarpus turbinatus Gaerln.f 
Parinari anamense Hance. 
Dipterocarpus tuberculatatus Roxb. 
Castanopsis sp. 

-:>7 

Unknown 
Unknown 



each field, the species and number of coppice shoots and weeds 

were examined and their above and underground biomass were meas-

ured both in the dry and rainy season in 1991 and 1992. The 

sample weeds were collected from three 4m2 quadrate in the upper, 

middle and lower part of the slope in each field. First of all 

the weeds were classified on their species and the total biomass 

was measured after air-dried. The weed species was described as 

local name in Thailand and scientific name as shown in Table 5.2. 

The number of weed species in each field varied from 17 to 22 

in the dry season and from 17 to 25 in the rainy season(Fig.4-l). 

In the dry season, the number of weed species specific only to 

F2, F3 and F4 was 6, 13 and 5, respectively. However, in the 

rainy season, the figures in F2, F3, F4 and F5 were 7, 7, 5 and 

14, respectively . Thus, the occurrence of weed species was quite 

variable from one field to another. This would partly be 

attributed to different land-use histories, such as frequency of 

burning , weeding and cropping. 

4 .2.2 Results a nd discussion In the rainy season, the total number of weeds was largest in 

The weed species in the study fields were classified into 

herbaceous weeds and coppice shoots with a total of 70 species 

consisting of 12 species of herbaceous species and 58 woody 

species (Table 4.2). 

In the dry season, number of species of herbaceous weeds and 

coppice shoots were 8 and 24, respectively, with a dominance of 

Eupatrium odoratum in F2, F3 and F4. On the other hand, in the 

rainy season there were 12 and 48 species of herbaceous weeds and 

coppice shoots, respectively, and Eupatrium odoratum was replaced 

by Ageratum conyzoides as a dominant species. In addition , 

Crassocephalum rubens and Imperata cylindrica were observed in 

all the fields. Particularly, in F2 Imperata cylindrica and 

Ageratum conyzoides were almost the same in number . Thus seasonal 

changes in both the number of weed species and dominant species 

were conspicuous, in coincidence with the study in Northern 

Thailand by Nakano(1978) . 

5R 

F2, followed in descending order by F3, F4 and F5, while the 

proportion of coppice shoots was in the reverse order except 

F5(Fig.4-2). Moreover, based on Fig.4-3, the ratio of the number 

of herbaceous weeds to that of coppice shoots was larger in F2, 

F3 and F4 than in FS, suggesting that tree regeneration is 

inhibited by successive utilization of the land by burning. 

Table 4.3 shows the percentage of the dominant species in each 

field. In the dry season, the dominant species occupied from 49 

to 57 %, whereas in the rainy season the figures went up to more 

than 65 % for F2, F3 and F4. However, the figure for F5NT and 

F5TT in the rainy season were only 38 % and 31 %, respectively, 

suggesting a higher ecological diversity in F5 , which has been 

used for cropping only once after clearing. 

In Both the dry and rainy season, total dry matter of weeds in 

F2 was higher than that in the other fields (Fig.4-4). This would 

be attributed to root biomass especially Imperata cylindrica 

which propagates by rhizomes and occupies a large area in the 
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field. According to Nye and Greenland (1960), this weedy species 

in the Dry Forest and Savanna zone in Africa stores the 

considerable weight of roots and stolons in a soil. 

4.3 Conclusion 

Vegetation type in the study area would be classified into 

semi-deciduous seasonal forest. 

Dominant weed species in the study site was Eupatrium 

odoratum in the dry season, whereas Ageratum conyzoides replaced 

E. odoratum as a dominant species in the rainy season. Imperata 

cylindrica also which has been regarded the weed as serious 

problem infested broadly in the fields. 

Herbaceous weeds in successive cropping fields obviously 

dominated in a total number of plant compared with coppice 

shoots, whereas coppice shoots in one year cropping field domi-

nated. These facts suggest that tree regeneration in fallow is 

suppressed by burning in every year and by successive cropping. 
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Table 4.2 Herbaceous weeds in dry and rainy season of 1991. 

No. 

1 

2 
3 
4 
5 
6 
7 

8 
9 

10 
11 

12 

lfl'rb~~ 

Local nam<' 
Dry season Rainy season 

·------------------- - ·-------
Saap suea Saap suca 
Saapraeng saapkaa Saapracng saapkaa 
Yaa khaa Yaa khaa 
Yaa nepia Yaa nepia 
Haiyaraap thao Maiyaraap t:hao 
Pak Heo Pak Mco 
Phak phet Phc1k phet 
Haamui Maamu i 

Yie~o~ suca 
Yaa khochyon chop 
Pak pladp 
Yaa hae muu 

Local name Scientific name Local Name 

Eupatrim odoratum 
Ageratum conyzoides 
Lmpcrata cylindrica 
Pcnnisctum purpurcum 
Mimosa invisa 
Crassocephdlum rubens 
Amaranthus viridis 
Mucuna pruricns 
Erigeron canadensis 
Pennisctum prcdicellatum 
Commclino l~nghalensis 
Cyperus rotundus 

Scil'nLif ic name 
1--ih~;d-L;~----------------------ih~ad-L;~---------------------
2 Mai Pai. Mai pai Bilmbus<J spp. 
3 Nam Nac Nam Rae 
4 Kam Kam 
5 Ma Phai Ma phai 
6 Pan co Kuwan Pan co Kuwan 

~ ~~~k~~aat ~~~k~~aat 
1

9
0 

Sam Pii Sam Pii 
Sea Pa s 11 •r eo ~a 

1 2 T:g ~~g ~:g o~g 
13 Tiu Tiu 
14 Tod maa Tod maa 
15 Tub Kuwai Tab Kuwai 
16 Haa Syzygium cumini S. Kluay 
17 Pub Pa c-rocon spp. Boog 
18 l.am Yai Walsula spp. Born Hom 
19 Tcnn Bischofia Jdvanica Bl. Chanang Pa 
20 GLecop MFoco1. Dear Pong 21 h M~ 
22 Saa Brossonetia P. vent. Hing Men 
23 Nat Kam1n Pa 
24 Kco Peng Khai Tao 
25 Kham Krua 

Cdrugo pinndta Roxb. 

Stcrucul ia sp. 

Dalbrrgid cand Grah. 

Similax prolifera Roxb. 
CriHOxJ.lium spp. 

~~ Khem 
28 ~~~)A!n Klacp 
29 Kluab Pa 
30 Maet 
31 h ~i 
32 Mah Mae Kam 
33 Ma Doog 
34 Makheo Pong 
3S Mai Pii 
36 Makham Porn 
37 Mao 
38 Mou 
39 Nam Jii 
40 Namnom Rachasec 
41 Ricnq Phai 
42 Tao Yang 
43 Tog 
44 Tonq Kong 
4 5 Tcud Meo 
4 6 Eong Ma i Na 
47 Yaap 
48 Yioy 

AlbiZZJd odr<Jtissimia 

Gl 
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Table 4.3 Changes in the occurrence of dominant weed species 

Field Dry season %*) Rainy season % 

-------------------------------
F-2 Eupatrium odoratum 57 Ageratum conyzoides 78 

F-3 Eupatrium odoratum 49 Ageratum conyzoides 67 

F-4 Eupatri um odoratum 55 Ageratum conyzoides 65 

FS-NT Ageratum conyzoides 38 

F-STT Ageratum conyzoides 31 

*:Percent of dominant species for all weeds, in number 
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CHAPTER 5 Crop productivity in study site 

5.1 Characteristics of crop production 

5.1.1 Materials and methods 

To evaluate the productivity in the fields of the different 

land-use histories, crop yield as well as top and root dry 

matter was measured in the rainy season in 1991 and 1992. 

In 1991, Suwan No.1, a common variety of maize (Zea mays) in 

Thailand was planted at a spacing of 80 em with 3 plants per hill 

in accordance with farmers' practice due to evaluate the produc­

tivity with the present practice in F2, F3, F4 and F5. The plant­

ing date was through April 24th and 25th, and crop was harvested 

from August 6 to 8th. 

In 1992, the experiment of single-cropping with farmer's 

practice was not only carried out in F2, F3, F4 and F5, but also 

the experiment of intercropping with maize, upland rice and 

soybean was carried out for the purpose of comparison of 

agronomic characters under single-cropping and intercropping in 

F6. Syu Daeng and Syu Maechan, a late-maturing variety of upland 

rice (Oryza sativa.L), and Sou Chou 5, a medium-maturing variety 

of soybean (Glicine max Merrill) in Thailand and Tamahomare, a 

late or medium-maturing variety of soybean in Japan was used in 

F6 as using an experimental field. The planting date was through 

May 26th and 27th because we had little rain from April through 
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May in 1992. The crop growth was measured on August 10 - 15 and 

the crop was harvested on September 10-12 for soybean and on 

October 1 - 5 for maize and upland rice. 

The layout of the experimental plots in F6 is shown in Fig.S-

1. There were 6 agronomic plots. Sl, 52 and 53 were used for the 

intercropping experiments, and 54, SS and 56 were used for the 

single-cropping experiments. In the intercropping plot, Sl, 

upland rice at a spacing of 25 em with four rows and maize in 

rows parallels to the contour 75 em apart and the distance bet­

ween hills in a row was 25 em were planted and 52, both upland 

rice and soybean were planted at a spacing of 25 em with four 

rows and 2 rows, respectively, and 53, maize and soybean were 

planted in the same spacing of Sl and 52. In the single-cropping, 

upland rice in 54 and soybean in 56 was planted at a spacing of 

25 em with 5 plants per hill and one plant per hill, respective­

ly, and S5, maize was planted in the same spacing of maize in Sl 

and 53. 

Three subplots were set up, i.e. NT, cropped to each crop with 

no-tillage or minimum tillage as a traditional tillage after 

burning, TT, cropped to each crop with tractor tillage after 

burning, and NB, cropped to maize only with no-tillage and no­

burning. In all plots fertilizer was not used. 

Plant height of maize and rice in F6 was measured on 32 plants 

and 60 plants per subplot for single-cropping, respectively. Leaf 

color of the crops was determined by using chlorophyll meter on 

60 leaves per plot. The grain and top part of crops were 

collected from three or four 25 m2 quadrates at the slope of 



Cropping systems 
Sl: Intercropping with maize and upland rice 
S2 : Intercropping with upland rice and soybean 
S3 : Intercropping with soybean and maize 
S4: Single-cropping with upland rice 
SS : Single-cropping with maize 
S6 : Single-cropping with soybean 

S 6 S1 S1 

ss S2 S2 

S4 S3 S3 

S 6 

ss 

S 4 

16 -;­

NT 
1 6 r 9 4- 9 

TT 

NT: No-tillage 
TT: Tracto r ti l l age 

NBNT: No-tillage & No-burning 

S 4 

ss 

S6 

Fig . S-la Layout of the experimental plots 
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upper, middle and lower in F2, F3, F4 and F5, whereas in F6 they 

were collected from three 16 m2 quadrates in each treatment plot. 

The root samples were collected from three hills in each sampling 

plot. After collecting the samples, they were weighed after 

drying at 70°C. The dry matter content yield of grain, top and 

root were summed up as total biomass of plant. Sampling of weeds 

as well as crops were performed in same place. Leaf color of 

crops in each treatment was measured by chlorophyll meter (SPAD-

502 type, Minolta Ltd.). 

5.1 . 2 Result and discussion 

i) Characteristics of maize production in farmers fields 

of different land-use history 

Data in Table 5.1 show dry matter yield of grain, top and 

root of maize and weeds sampled in August 1991. Significant 

differences among them in fields were observed, but the order was 

not necessarily related to the land-use history, since F5TT had 

the largest grain yield, followed in a descending order by F4, 

F3, F5NT and F2 (Fig.5-2). The highest yield of FSTT may be 

ascribed to the effect of tractor tillage and the high amount of 

ash addition resulted from burning in FS (Table 3.5). On the 

other hand, the lowest yield in F2 was apparently not only cause 

by a low amount of ash addition as shown in Table 3.5, but also 

by serious growth inhibition of maize by weeds, as shown in 

Fig.6-3. Thus, a clear tendency that crop yield decreases with 
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successive land utilization was not found in this study. 

Fig.S-4 illustrates a decrease in grain yield of maize with 

increasing slope gradient, indicating an effect of topography on 

crop production. 

The root number of maize was small in the place of shallow 

soil and/or the steep slope gradient, such as in the middle part 

of F2 and F4, and upper part of F2 and F3 (Fig.S-5), where most 

of the roots were concentrated in the layer of 0-20 em soil 

depth, because the penetration into subsoil was suppressed by the 

bed rocks. 

The relationship between a top weight, a root weight and grain 

yield of maize, and the factor scores of every soil layer(Table 

3.9), which are reflecting soil physico-chemical properties 

before burning was examined by a correlation analysis, and the 

pairs with a significant correlation were shown in Fig.5-6. These 

figures show that root part, top part and grain yield are 

significantly correlated with Factor 1, i.e., soil chemical 

fertility factor, suggesting that soil chemical fertility at 20 -

30 em depth greatly influences crop growth and grain yield. 

Furthermore, it is indicated that the tractor tillage in F4 

is effective for promoting crop growth. Although the amount of 

ash added is much higher in FSNT than in F2, F3 and F4, crop does 

not grow well(Table 5-1). As this is related to lower fertility 

in deeper soil layer in FSNT before burning, the soil chemical 

fertility is not considered to be ameliorated by the addition of 

ash in a few months, as shown in Fig.S-6, Fig.S-7 and Fig.S-8. 

Since a traditional tillage with a successive cropping can 
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ameliorate the soil chemical properties at deeper layer, the most 

serious factor in lowering soil chemical fertility in this area 

is considered to be high soil gravel content, which are also 

related to a shallow soil occurring on a steep slope. 

As regards weeds in Table 5.1, F2 is significantly high as 

compared with others. This is because F2 is located close to a 

fallow field and hence directly affected by propagation of weed 

species. In F2, the growth of crops in a gentle sloping land is 

superior to that of weeds whereas it is inferior in a steep 

sloping land. This suggests that weeds are more tolerant to 

adverse condition, such as low fertility at a shallow solum. 

If land productivity is defined in terms of the total biomass 

production including weed and crop, the difference between the 

experimental fields was not so significant (Table 5.1), suggest­

ing that the land productivity does not decrease rapidly as a 

successive cropping is proceeded. Thus, since weeds can grow even 

in areas unsuitable for crop growth and build up relatively large 

amount of organic matter, they conserve the fine earth fraction 

from soil erosion and hence sustain soil fertility. 

Based on this consideration, we conclude that it is better to 

grow weeds at a steep sloping location as a live or dead mulching 

material than to throw them away. 
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ii) Effect of single-cropping and intercropping on the 

agronomic characters of maize, upland rice and soybean 

with tillage 

a) Leaf color 

Table 5.2 shows data on leaf color of maize and upland rice 

measured by chlorophyll meter. As far as leaf color of maize 

under single-cropping in F6 is concerned, while the effect of 

tractor tillage on maize leaves is negligible, the effect of 

burning on them is significant. This fact suggests that ash from 

burning improves soil fertility with a positive effect on maize 

crop, through ameliorating soil pH and supplying inorganic 

substances, such as potassium, phosphorus, calcium and magnesium. 

Leaf color of upland rice also was not significant between the 

tillage treatments, suggesting a small effect of tillage. 

The effect of cropping practices on leaf colo~ of maize and 

upland rice were significant, that is, in both no-tillage and 

tractor tillage leaf color of maize and upland rice under 

intercropping conditions showed significantly higher value than 

that under single-cropping conditions. These facts may indicate 

that crops under intercropping conditions enjoy the benefits of 

solar radiation and the uptake of nutrients or water from soil 

more effectively. 

b) Plant height, dry maLLer content and grain yields 

Mean plant heights of maize and upland rice under single­

cropping conditions in F6 are shown in Fig.5-9. The tractor 

tillage plots gave larger plant heights of maize than no-tillage 

plots in any part of slope, and no-burning plots with no-tillage 

gave the lowest. The effect of the tillage on maize growth 

appears clearly. Contrary to this, in the lower part of slope 

tractor tillage plots gave larger plant height of upland rice 

than no-tillage plots, whereas in the upper part no-tillage plots 

gave larger. This may be associated with soil depth distribution 

and the root spread of upland rice. The details will be described 

later. 

Table 5.3 shows grain yields and dry matter content of maize, 

upland rice and soybean. Data on the seed yields of soybean was 

excluded from Table 5.3, because many seeds had been eaten by 

rats before harvesting. 

Based on Table 5.3, the following statements may be made. 

Maize: The effect of tillage practice , as well as burning, on 

growth and grain yields of maize under single-cropping conditions 

is significant. It seems that tractor tillage is effective for 

promoting maize growth by improved weed control and/or improved 

water penetration to the root zone. 

In no-tillage plots, grain yields, dry matter content of maize 

intercropped with upland rice and soybean were greater than thal 

of maize single-cropped. On the other hand, in tractor tillage 

plots, grain yields, dry matter content of maize intercropped 

with soybean was greater than that of single-cropped plots, 

whereas maize yields intercropped with upland rice were much the 

same as that of single-cropping plots, as shown in Fig.5-10. 

These facts suggest that growth and grain yields of maize 
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increases when maize is intercropped with soybean or upland rice, 

in particular, the effect of intercropping appears even stronger 

under no-tillage conditions. 

Upland rice: The effect of intercropping with soybean on grain 

yields of upland rice appeared clearly as shown in Fig.S-11. 

However, the effect of tillage practice on grain yield was not 

significant, whereas the effect on the shoot dry matter in both 

was significant single-cropping and maize intercropping 

treatments. 

These facts suggest that the intercropping systems with soybean 

is effective for increasing the grain yields, whereas the 

intercropping with maize is not necessarily effective. On the 

other hand, tractor tillage is effective for promoting the growth 

of upland rice, but not for increasing rice grain yields. 

Soybean: Dry matter content of soybean shoots did not show any 

difference between no-tillage and tractor tillage treatments. In 

contrast , the root dry matter in tractor tillage plots was much 

larger than that in no-tillage of all cropping systems as in 

Table 5.3. In both no-tillage and tractor tillage plots, the dry 

matter content of soybean roots under single-cropping conditions 

was the largest in all, and the roots intercropped with upland 

rice was the smallest, as shown in Fig.S-12. 

It seems that tractor tillage is effective for promoting the 

root growth of soybean, as is a soybean single-cropping system, 

although it does not improved 

later. 

root distribution, as described 
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c) Root length and root number 

Root length of maize, upland rice and soybean was measured 

after counting all excavated roots, and represented as mean root 

length, total root length and the number. The results will be 

described in each crop as follows. 

Maize: Data on maize roots are shown in Table 5.4 and Fig.5-13. 

Under both single-cropping and intercropping conditions, mean 

root length in tractor tillage plots was larger than that in no­

tillage plots. The total root length and root number in tractor 

tillage plots also were large in comparison with no-tillage plots 

(Table 5.4). 

On the other hand, in both no-tillage and tractor tillage 

plots, the mean root length of maize intercropped with upland 

rice was the largest in all cropping systems, while the length 

between single-cropping and intercropping with soybean did not 

differ significantly. Also, the total root length and root number 

when intercropped with upland rice showed a large value in 

comparison with the others. 

This suggests that total root length of maize become longer when 

the crop is intercropped with rice and/or in tractor tillage 

plots, although the orientation of roots is obscure . However, if 

the data are contrasted with the profile observations, better 

results may be obtained from them. 

Upland rice: Data on upland rice roots are shown in Table 5.4 

and Fig.S-14. Under both single-cropping and intercropping 

conditions, the mean root length in no-tillage plots was larger 

than that in tractor tillage, while the root number and total 

root length in single-cropping and intercropped with maize in 

tractor tillage were large compared with in no-tillage. However, 

in the case of intercropped with soybean, those in no-tillage 

plots was larger than in tractor tillage. 

In no-tillage plots, the root number and total root length in 

single-cropping plots were the largest of all, but the mean root 

length was not difference among the cropping systems. On the 

other hand, in tractor tillage plots, the mean root length in 

single-cropping plots was larger than that in the other plots, 

but the root number and the total length when intercropped with 

maize were the largest . 

These facts suggest that total root length of upland rice become 

longer when the crop is intercropped with soybean under no­

tillage conditions or with maize under tractor tillage condi­

tions. 

Soybean: Data on soybean roots are shown in Table 5.4 and 

Fig.5-15. Under sigle-cropping conditions, the mean root length 

of soybean in tractor tillage plots was larger than that of no­

tillage plots, but the mean root length under intercropping 

conditions was not significantly different. The total root length 

and root number of soybeans intercropped with rice in tractor 

tillage plots was larger than those in no-tillage ones. 

In no-tillage plots, the mean root length, the total root length 

and the root number under single-cropping conditions were larger 

than those under intercropping conditions. In tractor tillage 

plots, while the mean root length under single-cropping 

conditions was large in comparison with that under intercropping 



conditions, the total root length and the root number were not 

significantly different among them . 

These facts suggest that the mean root length and the total root 

length become longer when the crop is grown under single-cropping 

conditions and/or in tractor tillage plots. 
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Table 5.3 Comparison between grain yield and biomass of maize, 
upland rice and soybean under no-tillage and tractor tillage 
conditions with single-cropping and intercropping systems 

Maize(Kg/20plants) 
Treatment ----------------------------- -------

Grain Top Root Whole T/R 
Single-xyopping 

1.73b 1.91b O.l4b 3.78 26.0 NT 
TT2 ) 2.12a 2.89a 0.18a 5.19 27.8 
NBNT3 ) 1. 3lc 0.99c 0.07c 2.37 32 . 9 

Intercropping 
with upland rice 

NT 2.22a 3 . 93a 0.19b 6.34 32.4 
TT 2 . 10a 3 .69a 0.28a 6.07 20.7 

Intercropping 
with soybean 

NT 2.llb 2 . 50b 0 .lla 4.72 41.9 
TT 2.45a 3.00a 0.17a 5.62 32.1 

------------------------------- -------
Upland rice(Kg/60plants) 

Single-cropping 
NT 1.50a 1 . 92b 0.13a 3.55 26.3 
TT 1.63a 3.15a 0.15a 4.93 31.9 

Intercropping 
with maize 

NT l.S4a 1. 59b 0.09a 3.22 34.8 
TT 1.49a 3.21a 0.11a 4.81 42.7 

Intercropping 
with soybean 

NT 2.04a 2.45a 0.08a 4.57 56.1 
TT 2.06a 2 .98a 0.07a 5.11 72 . 0 

-------------------------------- -------
Soybean(Kg/60plants) 

Single-cropping (Top+Root) 
NT * 0.63a 0.07b 0.70 
TT * 0- 72a 0 .lla 0.83 

Intercropping 
with upland rice 

NT * 0.51a 0.03a 0.54 
TT * 0.45a 0.04a 0.49 

Intercropping 
with maize 

NT * 0.39a 0.04b 0.43 
TT * 0.36a 0 . 08a 0.44 

1)NT; no-tillage 2)TT;tractor tillage 3)no-tillage with no-burning 
Different letters within a column for the comparison between tillag 
treatments show significant difference at p =O.OS 
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Table 5.4 Comparison of average root length and root number of maize, 
rice and soybean under different cropping and tillage 
conditions 

Average root length(cm) Root number 
Crop ------------------------ ---------------------

Cropping No-till T-till No-till T-tilll) 

Maize ----------------------- ---------------------
Single cropping 19.03b 21.65a 30.00a 38 .lla 
Intercropping 

with rice 22 .17b 29.72a 34.83a 43.00a 
with soybean 15.84 b 21. 31a 26.42a 36.00a 

Rice 
Single cropping 11. 29a 10 .llb 52.70a 60.50a 
Int.ercropping 

with maize 11.61a 10.12b 54.00b 102.90a 
with soybean 9.28a 8.51b 91.67a 61. OOb 

Soybean 
(t.ap root) 
Single cropping 22.65b 41.17a * * 
Intercropping 

with rice 16 .14a 16 .1 5a * * 
with soybean 12.79a 17.60a * * 

(secondary root) 
Single cropping 13. 79b 19.56a 8.53a 7.2la 
Intercropping 

with rice 11. 41a 11. 25a 5.09b 12.67a 
with maize 10.57a 8.55a 4.70a 5.90a 

1) No-till; No-tillage, T-till;Tractor tillage 
Different letters within a row for the comparison between different 
Ljllage practices in each crop show significant difference at p=O.OS 

NT: No-tillage 
TT: Tractor tillage 

........... _ .......... _ ,.,__. 

~~.;: - -- -~ c:c:-:: 

M:maize single-cropping 
MR:maize intercropped with upland rice 
MS:mai?.e intercropped with soybean 
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Fig.S-14 Mean root length, total root length and root 
number of upland rice among different cropping 

systems under different tillage conditions 
Different letters in a figure for the comparison among 
different cropping systems show significant difference 
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CHAPTER 6 Characteristics of root distribution 

6.1 Distribution of maize and soybean root systems under 

single-cropping and intercropping conditions in 

experimental field in Japan 

Intercropping is one of the traditional agricultural 

practices in the tropics. It is generally recognized that the 

intercropping system offers many advantages both from the 

temporal and spatial aspects only with the combination of crops 

with different physiological characteristics and differences in 

the cultivation period or plant types. One of the mechanisms may 

be related to the fact that interspecific competition for light, 

water and nutrients is minimized. 

Most of the studies on competition under intercropping systems 

have been conducted to evaluate the effect of photosynthesis in 

terms of competition of above ground plant parts. However , much 

less is known about the relationships of the parts below the 

ground, although it is generally agreed that competition for 

water and nutrients is more frequent and severe than competition 

for light . 

Above all , limited information is available about root 

development when two or more crops are grown simultaneously. 

Roots also play important roles in crop productivity, even if the 

effect is indirect. The root system, however, cannot be easi ly 

studied. due to the comple xity of its pattern and wid e 
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distribution. Moreover, in the field, roots cannot be observed 

directly in soil. Therefore, few publications relating to this 

kind of research are available. 

In this section, distribution of the root system of maize and 

soybean was analyzed under intercropping conditions to be 

compared with that under single-cropping conditions in Japan, 

preceding the study in slash burn field in Thailand. 

6.1.1 Materials and methods 

1. Maize (Zea mays L.) and soybean (Glycine max Merr.) were 

used in this experiment. The seeds of 'Skyliner 95' a medium­

maturing sweet corn variety, ·were sown on June 17. The seeds of 

'Tamanishiki' a late-maturing soybean variety, were sown on June 

23. These crops were planted at an interhill spacing of 15 em and 

30 em in each plot, under both single-cropping and intercropping 

conditions. Leaf area per plant and dry matter yield of the whole 

plant, root and grain were recorded as agronomic characters. At 

maturity the whole plants were removed, and their root systems 

were investigated. This experiment was carried out by using a 

modified soil monolith under field conditions in the field of the 

Experimental Farm of Kyoto University during the period of June -

October, 1988 and 1989. The soil was a kind of brown lowland 

soil, and the site had been cultivated with potato and sweet 

potato during the previous two years. The experiment was carried 

out under no-tillage, no-fertilization and rain-fed conditions . 

Each experimental plot was set up as follows : maize single-
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cropping (A-plot), soybean single-cropping (B - plot), 

intercropping with maize planted between soybean plants (C-plot) 

and intercropping with soybean planted between maize plants (D­

plot) as shown in Fig.6-l . Five replications were prepared for 

the root investigations and three replications for the 

determination of the agronomic characters in each case. 

2. A series of field experiments was conducted to disclose 

differences in the characteristics of the rooting sys t ems between 

single-cropping and intercropping of row crops . A modified soil 

monolith with a needleboard was used for the visual characteriza-

tion of the root pattern of maize and soybean under different 

cropping systems . A first trench was dug parallel to the central 

line in a row. Plywood board (90 x 90 em) was placed against the 

trench wall, vertically. Glass poles (4 . 5mm diameter) were driven 

30 em into the soil through holes drilled in the board at the 

intersection of 5 . 0 em square grid , to a 75 em length. A second 

trench was dug on the opposite side of the central line, parallel 

to and 30 em from the initial trench . 

The board holding roots was lifted out after remova l of soil by 

hand , and was soaked into trisodium metaphosphate as dispersion 

solution for 24 to 48 hours . Thereafter, a fine water spray was 

used to remove all the soil materials gently , leaving the intact 

roots in their relative position by using glass poles . 

After the root systems were washed out comple t ely , they were 

photographed without removing it from the board . To keep the 

roots as much as possible in their natural position the board was 

sprayed with a dilute water-soluble adhesive agent to solidify 
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the roots. This method is original. 

3. Drawing of root systems. The glass pole was taken off from 

the board after fixing the roots on the board. A translucent 

polyethylene sheet was stretched over the root system, and the 

outline was traced on the sheet using color felt pens, to the 

second or third branch for every root. Thereafter, another 

translucent sheet which was marked with a 3 x 3 em grid net was 

put on the sheet with the root face. The number of crossing roots 

in the square grid was counted, and recorded in 5 mm section 

paper, referred to as "root number distribution chart". A chart 

of the root system pattern was drawn by using it. In this study 

the root number is represented by the average value of five 

replications. This chart was used to measured the area of root 

distribution and competition. However, the root system was not 

investigated from all angles, but from a vertical direction only. 

All the results were statistically analyzed by Duncan's multiple 

range test or general linear model to estimate the significance 

of different means. 

6.1.3 Results and discussion 

i) Effect of intercropping on the agronomic characters of 

maize and soybean 

Leaf area per plant: When maize was intercropped with soybean 

in the C and D plots shown in Fig.6-1, the leaf area per plant of 

maize and soybean was greater at 10 weeks after sowing in 

comparison with the values when each of the crop was planted in 
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pure stand, as in the case of A and B plots shown in Fig.6-l and 

Table 6-1. 

Dry matter content of maize and soybean: Dry matter content of 

the whole plant in both maize and soybean was not significantly 

different between single-cropping and intercropping at 5 weeks 

and 10 weeks after sowing. At harvest, however, the grain yield 

and root dry matter content of maize under intercropping 

conditions increased in comparison with single-cropping . On the 

other hand, grain yields as dry matter content of soybean under 

intercropping conditions were not significantly different from 

the values under single-cropping (Table 6 . 1). 

As a result, it is considered that maize intercropping with 

soybean resulted in a significant increase in the dry matter 

content of grain and root. It is assumed that the effect of solar 

radiation on intercropped maize was more significant than an 

intercropped soybean, as evidenced by the increase in the leaf 

area per plant at 10 weeks after sowing, or possible effect of N­

fixed by soybeans? 

ii) Root distribution pattern under single-cropping conditions 

Maize: The root distribution pattern in this study wa s 

represented by the extent of roots in the grids of the "root 

distribution chart•. Fig.6-2a shows that the extent of the root 

distribution of maize under single-cropping in the A-plot was 

restricted with depth. The root distribution type of each crop in 

the plot showed differences depending on the spacing. The roots 

of the plants of a 15 ern interhill spacing (close planting) 
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extended to the upper and middle layers in the profile. The roots 

of the plants of a 30 ern interhill spacing (wide planting) 

markedly extended to the middle. The extent of the root 

distribution in the widely spaced planting was larger than that 

in close planting, in particular, in the middle of the profile. 

Consequently the root distribution in the case of widely spaced 

planting showed an 'oval type', whereas in close planting it 

showed a 'streamline type'. 

Soybean: Fig.6-2b shows that the extent of the root 

distribution of soybean under single-cropping in the B-plot also 

tended to be restricted with depth. The roots were located within 

the upper 30 ern zone in the soil profile. The root distribution 

of each planting density showed a similar tendency to that of 

maize under single-cropping, though the zone of root extension 

was slightly different. The root distribution in wide planting in 

the upper part of the profile extended more laterally than that 

in the middle and/or the bottom, showing an 'oval type in 

contrast to the 'streamline type' in close planting. 

iii) Characteristics of root distribution under intercropping 

systems 

The root system of maize and soybean showed differences 

between intercropping and single-cropping conditions. Fig.6-2c 

indicates that the root distribution of maize planted between 

soybean plants in the C-plot extended over the neighboring root 

system of soybean in the middle part in the profile, as if there 

were no adjacent plants. The root distribution of soybean 
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Fig.6-2 Root disLribution under single-cropping and 
inLercropping with maize and soybean 
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b 

d 

intercropped with maize also showed a similar pattern, though the 

roots extended over the adjacent maize roots both in the upper 

and middle parts of the profile. Although the tendency was ob-

served both in close and wide plantings, the extent of root 

distribution in close planting was larger than that in wide 

planting. 

Fig.6-2d shows that the root distribution of soybean planted 

between maize plants in the D-plot e x tended over the neighboring 

root s y stem of maize in the upper part of the profile . The root 

d i stribution of maize intercropped with soybean also showed a 

similar tendency, and the roots e xtended over a larger area in 

the middle layer of the profile in close planting when compared 

to wide planting. 

As a result, it is concluded that the root distribution of maize 

or soybean under intercropping overlapped with that of the coun-

terpart crop. 

i v } Comparison of c hara c t e r isti c s o f r oot d istr i bution 

between differ e n t c r o pping systems 

There are marked differences in the rool distribution 

between single-cropping and intercropping systems as shown in 

Fig . 6-3 and Fig . 6-4. The root distribution of maize grown under 

single cropping conditions as shown in the A-plot was compared 

with that under intercropping conditions as shown in the C-plot. 

The e x tent of the lateral distribution of maize roots in the C-

plot was much larger than that in the A- plot. The pattern of the 

extent of root distribution of maize in the A-plot was markedly 

10~ 



different from that in the D-plot. The area of root distribution 

overlapping with that of other plants in the C-plot was 

significantly larger than that of A-plot, as indicated by the 

shaded portion in Fig.6-3 and in Table 6.2. 

Fig.6-3 shows that the extent of maize root distribution 

under intercropping conditions was much wider horizontally 

compared with single-cropping . The area of root elongation under 

different cropping conditions is indicated in Table 6.2 which 

shows that the root system area of maize, when the interhill 

spacing was narrow, was larger under intercropping conditions 

than under single-cropping. Also, the area of the root system of 

maize which overlapped with the root system of neighboring 

plants, when the hill position was in the center of the row, was 

significantly larger under intercropping conditions than under 

single-cropping, as represented by the competition area of the 

central crop in Table6.2. On the other hand, when the interhill 

spacing was wide, the root system area of maize was not 

significantly different between the two cropping systems. 

Table 6.3 shows a comparison of the vertical and lateral 

distribution of the number of maize roots between single-cropping 

and intercropping. Although the number of maize roots was not 

different in the center of the rooting zone, it was significantly 

different in the area away from the center. These findings 

indicate that under intercropping conditions the root system area 

of maize was extended as the root number also increased. 

The root distribution of soybean in the B-plot where soybean 

was single-cropped was compared with that in the D-plot where 
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Table 6.3 Comparison of vertical and lateral distribution of root number 
between single cropping and intercropping with maize and soybean 

crop 

Depth from 
the ground 

(em) 

Maize 0-15 
15-30 
30-45 
45-60 

Distance from center hill(crn) 

0-30 30-60 

Single cropping 

74.0a 
64.6a 
49.8a 
21. Sa 

0-30 30-60 

Intercropping 

74.5a 
79.0a 
46.3a 
23.Sa 

S.SA 
22.5A 
14 .5A 
11.SA 

~ 60-70 8.4a 

5. SA 
3.2D 
1. 68 
1. 88 
1. OA 6.Sa 6.5A 
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Soybean 
0-15 

15-30 
30-45 
45-60 
60-75 

Total 

21S.6a 

S2.4a 
44.0a 
2l.Sa 
13.2a 

6.6a 

16S.Oa 

13.48 

8.2A 
6.S8 
4.08 
0.28 
O.SA 

20.08 

230.4a 

77.Sa 
42.0a 
2S.Sa 
ll.Sa 
l.Sa 

161. 9a 

64.1A 

17.5A 
20.SA 
11.5A 
11.3A 

4.0A 

65.1A 

Different letters within a line for the comparison between t wo 
cropping methods show significant difference at p=0.05 
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Fig.6- 4 Comparison of the root distribution of soybean 

between single-cropping and intercropping with 

majze 
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soybean was intercropped with maize. The lateral extent of soy­

bean roots in the D-plot was larger than that of the B-plot. 

Differences in the pattern of the distribution of soybean roots 

between the B-plot and D-plot were conspicuous. The lateral 

distribution of the soybean roots in the 0-plot e x tended markedly 

into the neighboring root system area, from the upper to the 

middle layers in the profile, unlike in the B-plot. Thus, the 

overlapping area of the root system of soybean with that of maize 

under in t ercropping was significantly larger than that under 

single-cropping, as indicated by the shaded portion in Fig.6-4 

and in Table 6.2. 

Table 6 . 2 shows that the root system area of soybean 

intercropped with maize for the narrow interhill spacing was 

larger than that of soybean under single cropping . The root 

system area overlapping in the central crop under intercropping 

conditions was significantly larger than that under single -

cropping . 

The vertical and lateral distributions of the number of roots 

in soybean and maize under different cropping systems are shown 

in Table 6.3 . The distribution of the root number in soybean was 

similar to that in maize . 

On the basis of these figures, it is considered that the root 

system of maize and soybean under intercropping conditions 

overlapped more t han that of each crop under single-cropping, 

while the distribution of the roots under intercropping tended to 

be stratified in the middle layer of the soil profile . It is 

suggested that the root systems of maize and soybean grown under 
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intercropping conditions interpenetrate into the area of the 

adjacent crop. In contrast, under single-cropping the root 

systems do not interpenetrate each other, as observed earlier by 

Pavlychenko (1937) and also reported by Raper and Barber (1970). 

These phenomena may be ascribed to the fact that under 

intercropping conditions the root distribution of the crops is 

different in order to secure the uptake of nutrients or water 

from soil, as when, in order to minimize competition for light, 

crops display leaves more horizontally in response to competi­

tion. 

6 . 2 Distribution of crop root systems under single-cropping and 

intercropping conditions in slash and burn field 

Field experiments in a slash and burn field were designed to 

analyze the characteristics of root systems under single-cropping 

and intercropping conditions employing maize, upland rice and 

soybean from May through October 1992. The purpose of the 

experiment was to investigate the situation in a farmer's field 

in comparison with the results of the preceding section. 

6.2.1 Methods 

To obtain quantitative root data, the trench profile method 

and foil method were used for mapping the crop rooting systems 

and counting root number under single-cropping and intercropping 

112 

conditions. These methods were first done by weaver (1919), and 

then have been modified by many researchers. The author conducted 

the field experiment by using the method as follows: 

1. A trench was dug transversely to rows with hoe. The position 

of the trench was a distance of 5 em from the crop standing 

position. The length, width and depth of the trench were 1.0 m, 

1.0 m and 0 . 5-0.6 m to the bed rock, respectively. 

2. The working face of the profile was smoothed by a spade and 

knife. Then toothed metal scrapper and paintbrush were used in 

order to expose the roots out of the soil. 

3. Mapping and counting roots were done immediately after 

exposing. A square grid net is placed against the profile wall 

and serves a guide. The size of the grids was 5 x 5 em. The frame 

which is 1.0 x 0.5 m inner dimensions was made of wood. The grid 

system consists of black nylon thread. The frame is covered with 

a transparent plastic sheet (2.0 mm thick). The exposed roots 

were marked as dots on the sheet with a water-proof felt pen. For 

counting the roots, the film was removed. 

4. The working face of the profile was scratched by using small­

toothed scraper and screw drivers due to expose the root system. 

The root was fixed by hair-pin in order to keep the real position 

of the rooting systems in the soil profile. After the root 

systems were exposed, another transparent plastic sheet was 

placed in front of the profile wall. Then, the exposed root 

system was traced with a water-proof felt pen, referred to as 

"root distribution chart" (Reijmerink, 1964). 

5. An plastic sheet which was marked with a 2 x 2cm grid -net 
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was put on the sheet of mapped root in a laboratory. The number 

of roots in the square grid was counted, and recorded on Smm 

section paper. It was called "root number distribution chart". 

The sheets on which the root system was traced were also used to 

determine the root system area, the root spread and the pattern. 

The root system area was d e termined by automatic area meter, 

after the sheets of the modeled root systems were cut off . 

6.2.2 Resu l ts and Dis cussion 

i ) Distribution of ma i ze r oo t systems i n f a rmers f i eld s of 

d ifferent land- use histories 

In this paper, the root distribution in this paper is 

represented by the extent of roots observed from a vertical 

direction in the soil profile , and by the average value of two 

replications in e a ch slope location of F2 , F3 and F4. 

Fig.6-5 shows the distribution of maize root systems at each 

sampling point and effective soil depth distribution in F2. The 

root extent was different i n each slope location . In the lower 

and middle-2 part , the root s e xtended deeper than in t he middle-

1 and upper part . In the lower and middle- 2 part, the locations 

are characterized by a deep soil and a gentle sloping face. 

Contrary to this , the upper and middle- 1 part are characterized 

by a shallow soil and steep sloping face . Moreover , the lateral 

root distribution in lower a nd middle- 1 were wider t h a n that in 

middle-2 and upper. 

Ill 

The maize root systems showed a substantially symmetric 

pattern in all locations of the slope, though the size was 

different . 

Table 6.4 shows a comparison of maize root system area at 

each s lope location i n F2, F3 and F4. The areas were also 

different in si ze among parts of the slope. In F2, maize root 

systems occupying the lower and middle-1 part of the slope had a 

significantly larger area than in the middle-2 and upper part. 

The area in middle- 1 was the smallest, suggesting the effect of 

soil depth on the root system distribution. 

Fig . 6-6 shows the root extent differed in each location of 

the slope in F3. The roots in the middle part extended less in 

shallower soil than that in lower and upper part, suggesting the 

effec t of the soil depth on roots. The root system showed a 

symmetric pattern, as in F2. Root system area also was similar, 

as shown in Table 6. 4 . 

Fig .6 -7 shows t he root extent was different in each location 

of t h e slope in F4. The root system in the middle part was 

smaller than that of the lower and upper, but with only a slight 

difference between the middle and upper part . While the vertical 

e x tent of the roots was almost the same in every part of the 

slope , the lateral e x tent showed a difference between lower and 

other p a rts of the slope. The lateral extent of roots in the 

lower part was larger than that of the middle and upper. The root 

s y s t em also showed a symmetric pattern . 

The area of the root systems in lower part was larger in 

compar i s on with that of the middle and upper. 
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Table 6.4 Comparison of root system area of maize 
among slope loca~ions in fields of different land-use 
histories 

Field 
2 

3 

4 

Locations 
Lower 
Hiddlel 
Middle2 
Upper 

Lower 
Middle 
Upper 

Lower 
Middle 
Upper 

Root system Soil Slope 
area(cm2) depth(cm) gradient 0 

----------------- ---------- -----------
2296.9a 80 16 
1075.2c 30 23 
2189.0a 70 20 
1582.9b 60 27 

1913. Sa 84 27 
1761.la 30 26 
2028.2a 40 35 

---------------------------------
2074.8a 75 13 
1423.4b 65 18 
1763.2ab 60 10 

Different letters wiLhin a column for the comparison among three or 
four locations in each crop show significant difference at p=O.OS 
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With respect to differences in root system distribution among 

locations in each field, based on the above-mentioned figures and 

Table 6.4, the following statements may be made: 

1) When maize is grown in deep soil or in lower part of the 

slope, the root system distribution extends to deeper soil and 

wider as well. 2) When maize is grown in shallow soil, the root 

system is restricted to the surface soil layer. 3) Root system 

patterns of maize planted in wide spacing of more than 80 em 

between hills cultivated under single-cropping conditions show a 

symmetric pattern. 

ii) Distribution of maize, upland rice and soybean root systems 

As described above, root extent of maize and soybean can be 

modified by whether the adjacent crop is of the same or a 

different species, i.e., single-cropping or intercropping 

condition. In this section, the result obtained in experimental 

field in Japan was examined in an experiment in a farmer's field. 

Maize, upland rice and soybean were grown under single-cropping 

or intercropping conditions with no-tillage or tractor tillage 

practice, as shown in Fig.S-1. Data on the root system of each 

crop are shown as a root distribution chart, and area of the root 

systems which is represented by both a whole area and area 

divided by central line because the extent of the root system on 

either side depended on the adjacent crop on that side. 

The root distribution in this section is represented by the 

extent of roots observed from a vertical direction in the soil 

profile, and by the average value of eight replications in each 
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treatment. 

a) Single-cropping conditions 

Maize: Fig.6-8 shows the root distribution of maize cultivated 

under single-cropping conditions with different tillage 

practices, such as no-tillage and tractor tillage with burning, 

and no-tillage with no-burning. The distance between the crops 

ranged from 25 ern to 30 em. 

The maize roots cultivated by no-tillage practice tend to be 

restricted to the surface layer, whereas the roots cultivated by 

tractor tillage tend to extend in the deeper soil layer. The 

roots in no-burning plot extended in both surface and subsoil 

layer with almost the same width. Therefore, the root system 

pattern in no-tillage plots and no-tillage with no-burning plots 

showed a 'streamline type', and that in tractor tillage plots 

showed an 'oval type'. Both types show a symmetry. 

This difference may be explained by the fact that ash obtained 

by burning were distributed at the surface in no-tillage plots, 

whereas in tractor tillage plots ash were dispersed from 20 em to 

30 em soil depth. This was observed at the time of investigation 

of soil profile. 

The ash is composed of inorganic nutrients, such as potassium, 

phosphorous, sodium, calcium and magnesium as shown in Table 3.5. 

Thus, it can be considered that maize roots extend to the places 

where these nutrients are concentrated. The influence of 

localized concentrations of nutrients on root morphology has been 

investigated in more detail by Ishizuka et al. (1964) and Drew 
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(1975). 

The area of maize root systems under single-cropping conditions 

is shown in Table 6.5. The area of maize root system in tractor 

tillage plot was larger than that in the no-tillage, and that in 

no-tillage with no-burning plot was the smallest among them. 

These facts suggest that the effect of tillage and burning on the 

extent of maize roots is clear. 

Upland rice : Fig.6-9 shows the distribution of upland rice root 

system under single-cropping conditions with no-tillage and 

tractor tillage practice. Roots in the no-tillage plots extended 

only into the surface soil layer, whereas those in the tractor 

tillage plots extended into the deeper soil layer. Therefore, 

the root system pattern in no- tillage plot showed a 'streamline 

type', and that in tractor tillage plot showed a 'hanging-bell 

type'. The pattern in both plots was a substantially symmetric. 

The difference in type may also be explained from the effect of 

ash on the roots. The area of upland rice root systems in no­

tillage plots was significantly larger than tha~ of the tractor 

tillage plots (Table 6.5). The result was different from that of 

the trac~or tillage plots . This fact suggests that the effect of 

tillage on the root system was adverse, because the upland rice 

roots were small in size compared with maize roots, extended from 

20 em to 30 em soil depth, and that water holding capacity of 

the soils tilled by tractor decreased remarkably in the surface 

soil layer as shown in Fig.6-ll. If there is no rainfall for a 

few days during the growth period, upland rice roots in tractor 
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tillage plots will be more likely to be subjected to drought 

conditions than those of the no-tillage plots. Hence, the roots 

in tractor tillage may be smaller. 

Soybean : Fig.6-10 shows the distribution of soybean root 

systems under single-cropping with no-tillage and tractor tillage 

practice. The roots in the no-tillage plots were distributed only 

in the surface soil layer, whereas those in tractor tillage plots 

were distributed in the deeper soil layer, as were as maize and 

upland rice. Therefore, the root system pattern in no-tillage 

plots showed a 'streamline type', and that of the tractor tillage 

plots showed an 'oval type'. This difference also may be 

explained by the effect of ash on the roots. 

The area of soybean root systems in tractor tillage plots was 

significantly larger than that in no-tillage plot (Table 6.5). 

The fact suggests that tractor tillage has no adverse influence 

on soybean roots, because of the deep rooting. 

Based on these facts, the following statements may be made. 

Maize, upland rice and soybean root systems under single-cropping 

conditions show a substantially symmetric root distribution on 

the soil profile, suggesting that the influence of adjacent crop 

roots on distribution is the same, regardless of species. These 

root patterns can be classified into three types, i.e., a 

streamline type, an oval type and a hanging-bell type. The 

effect of tractor tillage or localized concentration of ash in 

the soil is large enough to change the root distribution pattern. 
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Table 6.5 Comparison of root system area between single cropping 
and intercropping with maize, rice and soybean under 
different tillage conditions 

Crop 

Maize 

Rice 

Cropping 

Single cropping 
Intercropping 

with rice 
with soybean 

Single cropping 
Intercropping 

with maize 
with soybean 

Soybean 
Single cropping 
Intercropping 

with maize 
with rice 

Root system area(cm2) 

No-till 

751. 4c 

1664.9a 
l068.Sb 

539.Sab 

448.lb 
706.4a 

44l.Ob 

498.1ab 
54l.Oa 

Tractor-till 

887.5b 

l650.2a 
1474. 6a 

434.Sb 

638 .4ab 
816.la 

621.2ab 

469.lb 
735.8a 

Different letters within a column for the comparison among three 
cropping practices in each crop show significant difference at p=O.OS 
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b) Intercropping conditions 

Maize and upland rice: In both no-tillage and tractor tillage 

plots, the root systems of maize intercropped with upland rice 

was more developed in the direction of the root system of upland 

rice, and less developed toward the side of neighbor maize root 

systems, as shown in Fig . 6-l2. Hence, the root system of maize 

showed an asymmetric pattern. The root systems of upland rice 

also were more developed on the side of maize root systems, and 

showing an asymmetric pattern. 

In both crops, the roots in no-tillage and tractor tillage plots 

were extended in the surface and the deeper soil layer, 

respectively, as was the case as under single-cropping 

conditions. The reason for this may be the same as that for the 

single-cropping treatments. 

The area of maize root systems intercropped with upland rice 

in no-tillage plot was not different from that of the tractor 

tillage plots. However, the area of upland rice intercropped with 

maize in tractor tillage plots was larger than that of the no-

tillage plots as shown in Table 6.5. 

Maize and soybean: In both no-tillage and tractor tillage 

plots, the root systems of maize intercropped with soybean were 

more developed toward the side of the soybean root systems, and 

the soybean root systems intercropped with maize were more 

developed toward the maize root system side, as shown in Fig.6-

13. Therefore, these root systems showed an asymmetric pattern. 

The area of maize root systems intercropped with soybean in 

tractor tillage plots was larger than that of the no-tillage 
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Table 6.6 Comparison of divided root system area at hill position 
according to adjacent crop under different tillage conditions 

Root system area(cm2) 
----------------------------------------------

Crop Cropping 
Adjacent crop 

No-till Tractor-till No-burn & 
No-till 

----------------------------------------
Maize 

Single cropping 
Maize side 
Maize side 

Intercropping with 
Maize side 
Rice side 

Intercropping with 

Rice 

399.0a 
370.9a 

568.3b 
1132.3a 

Soybean 
424.2b Maize side 

Soybean side 673.7a 

421.3a 
479.6a 

693.4b 
992.0a 

541. Oa 
956 . 8a 

302.4a 
289.8a 

-----------------------------------------------------
Rice 
Single cropping 

Rice side 269.9a 
266.Sa 

204.lb 
256.2a 

Soybean 
288.lb 

Rice side 
Intercropping with Maize 

Rice side 
Maize side 

Intercropping with 
Rice side 
Soybean side 440.2a 

228.la 
200.3a 

300.7b 
351. Sa 

303.7b 
526.3a 

-----------------------------------------------------
Soybean 

Single cropping 
Soybean side 
Soybean side 

Intercropping with Maize 
Soybean side 
Maize side 

Intercropping with Rice 
Soybean side 
Rice side 

225.9a 
223.4a 

201.6a 
201.2a 

194.9b 
348.6a 

32S.Sa 
31S.Oa 

311. 6a 
270.9a 

209.2b 
533.4a 

Different letters within a column for the comparison between 
two crop sides in each crop show significant difference at 
p=O.OS 
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plots, whereas the area of soybean root systems intercropped with 

maize was not different between no-tillage and tractor tillage 

plots. 

Upland rice and soybean : In both no-tillage and tractor t i llage 

plots, the root systems of soybean int ercropped with upland rice 

were larger toward the side of upland rice root systems . The root 

systems of upland rice intercropped with soybean showed a similar 

tendency, as shown in Fig.6-14. Therefore , these root system 

patterns showed an asymmetric pattern . 

The area of soybean root systems in tractor tillage plots was 

significantly larger than that in no-tillage plots , whereas the 

area of upland rice root systems in no-tillage plot was not 

significantly different from that in tractor tillage plot (Table 

6 . 5) . 

Based on these facts, the following statements may be made . 

Maize, upland rice and soybean root systems under intercropping 

conditions are strongly affected if the adjacent crop is a 

different species , because root pattern and root system area 

were modified according to the adjacent crop species . Tillage 

practices under intercropping conditions and single-cropping 

conditions affect on the root pattern and the root s y stem area. 

The influence of localized concentration of ash on root pat t ern 

may vary depending on the crop combination . 

c) Comparison of c harac t eristics of root di s tri bution between 

singl e -cr op ping and i n tercroppi ng s y stems 

There are marked differences in the distribution of maize, 
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upland rice and soybean root systems between under single­

cropping and intercropping conditions. The results may be 

described as follows. 

Maize: Fig.6-15 shows the comparison of the distribution of 

maize roots in different cropping systems. In both no- tillage and 

tractor tillage plots, roots under single- cropping conditions 

showed a substantially symmetric pattern, whereas the roots under 

intercropping conditions, in maize intercropped with either 

upland rice or soybean, showed an asymmetric pattern. In the case 

of intercropping systems, maize root systems on the side of 

different kind of crop species were extended larger than that of 

same species side. 

Furthermore, the area of maize root systems under intercropping 

was much larger than that under single-cropping, particularly in 

the case of intercropping with upland rice, as shown in Table 

6.5. To represent these facts more clearly, the root system area 

was divided into two parts by a line beneath the hill positions, 

as shown in Table 6.6. In the case of single-cropping, the area 

divided into two parts were not different in each tillage plot, 

but in the case of intercropping, the area on the different crop 

species side was much larger than that of same species side, in 

both tillage plots . These facts suggest that root development in 

intercropping systems is strongly influenced depending on the 

root size of the companion crop, because the root system of 

upland rice is much smaller than that of maize. 
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Upland rice : Fig.6-16 shows a comparison of the distribution of 

upland rice root systems in different cropping systems. The root 

system pattern of upland rice showed an almost similar tendency 

to that of maize, i.e., a symmetric pattern in single- cropping 

and an asymmetric pattern in both intercropping systems. In the 

case of intercropping systems, the root system on the side of 

different crop species was larger than that of same species. 

In tractor tillage plots, t he area of upland rice root systems 

intercropped with soybean was larger than that under single­

cropping conditions, whereas that intercropped with maize was not 

significantly different, as shown in Table 6.6 . On the other 

hand, in no-tillage plots, the root system area intercropped with 

soybean was larger than when grown with maize, although these was 

no difference between single-cropping and intercropping. 

In single-cropping plots, there were no differences in area 

between the two parts of t he divided root system area, but in 

intercropping plots either with soybean or maize , root system 

area was significantly larger on the different crop species side 

compared with the same species side (Table 6.6). 

Soybean : Fig . 6-17 shows a comparison of the distribution of 

soybean root systems in different cropping systems. The root 

systems of soybean under single cropping and intercropping were 

similar to the other crops, i . e. , a symmetric pattern in single­

cropping and an asymmetric pattern in intercropping. The roots 

were e x tended more on the different crop species side in 

comparison with the same species side . The area of soybean root 

1~ 

systems intercropped with rice, in the case of no-tillage, was 

significantly larger than that in single-cropping plots. The area 

of soybean root systems intercropped with maize was not 

significantly different from that of the single - cropping plots. 

On the other hand, the area in tractor tillage plots intercropped 

with rice was larger than when grown with maize, although there 

was no difference between single-cropping and intercropping as 

shown in Table 6.5 . 

When the root system area was divided into two parts, in the 

case of single-cropping plots and intercropped with maize, there 

were no significant differences. In the case of the area of 

soybean root systems intercropped with rice, the different crop 

species side was very large in comparison with the same species 

side (Table 6.6) . 
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CHAPTER 7 Summary 

7.1 Ecological changes in farmers sloping fields of the 

different land-use histories 

i) Changes in soil fertility and the influence on crop 

production 

A soil survey which includes description of the soil profile, 

investigations of effective soil depth distribution and gravel 

contents in soil, and soil analyses of the chemical and physical 

properties were made in each field of different land-use 

histories, as described in Chapter 3. Based on the results 

obtained from the soi l survey, it is concluded that the effect of 

topography on soil fertility is rather stronger than that of 

differences in land-use histories. 

When soil fertility is estimated by the chemical properties, it 

is necessary to determine the fine earth fraction per unit 

volume, in the case of a soil containing the higher gravel 

contents. In the study fields, the gravel contents in the soil 

differed in each part of the slope. The gravel contents in the 

upper part of slope is higher than that in the lower part of 

slope. The larger slope gradient is, the higher gravel contents 

become. This suggests that the amount of the fine earth fraction 

(less than 0.2 em), which is one factor determining soil CEC is 

low in the steeper or in the upper part of a slope. Therefore, 

results are modified with respect to gravel content but not the 

fine earth fraction to evaluate fertility of field soil. They 
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showed a lower amount of exchangeable cations, total carbon, 

total nitrogen, clay content, and available phosphorous. 

On the other hand, some factors affecting the soil fertility are 

extracted by using a principal component analysis with varimax 

rotation. Based on the results, The following differences of 

fertility status among the fields may be noted. 

In the state of the field just after clearing, as FS, the value 

of soil pH is low and the amount of exchangeable Al is high in 

comparison with that of successively cropped fields . Since the 

exchangeable cation contents in a deeper solum is low, Al­

saturation is relatively high in it. This acidification and low 

cation content may be caused by leaching during the fallowed 

period. On the other hand, the soil in successive cropping fields 

may be ameliorated by ash addition after burning. The effect of 

the ash on the soil may be sustained, in spite of both the 

utilization of basic cations by crops and leaching of cations by 

rainfall. A clear explanation for this can not be made in the 

study. 

Tillage affects the physical properties of soil, particularly 

the water holding capacity and soil microbial activity . The soils 

plowed by tractor may exhibit high hydraulic conductivity and low 

water holding capacity compared with no-tillage soils . Based on 

run-off data, tractor tillage may be effective on reducing the 

amounts of run-off compared with no-tillage, due to an increase 

in macro pores and the surface roughness of the soil by the 

tillage. However, tractor tillage may cause serious soil erosion, 

especially sheet erosion, as observed at other sloping fields 
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elsewhere in Thailand. 

Grain yields and dry matter content were measured to estimate 

the influence of soil fertility on crop production. Based on the 

results obtained from statistical analysis, the following 

statements may be made : High grain yields and dry matter content 

of maize were obtained in the lower part of slope, which has a 

thick effective soil layer. The layer contains little gravel, 

and/or may be of ameliorated soil pH. The yields and dry matter 

content in the upper part of slope of shallower solum and/or 

under acid conditions were lower. These facts suggest that crop 

production is more strongly related to soil depth, and to soil 

condition ameliorated by ash rather than to differences of land­

use history. This should be kept in mind when crop productivity 

in a slash and burn field is estimated. 

ii) Weed dynamics and the influence on crop production 

It is widely recognized that one of the most serious problem 

for shifting cultivators as well as all upland farmers is diffi­

culty in suppressing weeds. The decrease of crop production and 

abandonment of their field is caused not only by the decline in 

soil fertility but also by weed infestation (Pendleton 1948, Nye 

and Greenland 1960). The same impression was obtained from the 

interview with farmers in the study area . Therefore, it is 

necessary to develop effective practices for weed control, but 

only a few data on weed dynamics and the ecological habits in 

slash and burn field are available. 

In this study (as described in Chapter 4), species number and 
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dry matter content of weed were investigated in each field having 

different land-use histories, during the dry season and the rainy 

season in 1991. The total number of weed species observed was 70 

consisting of 12 species of herbaceous species and 58 woody 

species, indicating a diversity of woody species. On the other 

hand, herbaceous weeds in successive cropping fields obviously 

dominated in total number of plant compared with coppice shoots, 

whereas coppice shoots in one year cropping field dominated even 

in tractor tillage plots. These facts suggest that successive 

cropping decreases both the number of woody species and the total 

number of coppice shoots, and the decrease causes suppression of 

tree regeneration. 

In the dry season, Eupatrium odoratum, Mimosa invisa and 

Ageratum conyzoides were the main weed species in all fields, 

particularly E. odoratum dominated, while A. conyzoides replaced 

E. odoratum as a dominant species in the rainy season. This may 

be explained from that E. odoratum is classified as perennial 

shrub and a drought resistant species which can survive the dry 

season, while A. conyzoides is an annual herb that withers during 

in the dry season. On the other hand, it was observed that the 

other weed species tended to be confined to specific locations in 

each part of a slope or field. 

The growth of weeds in steep sloping land was superior to that 

in a gentle sloping land, suggesting that lower yield of maize in 

a steep sloping land is not only attributable to low fertility, 

but also to serious growth inhibition by weeds. Such a location 

was particularly infested with Imperata cylindrica. These facts 
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indicate that land productivity among locations does not differ 

very much . Therefore, it is necessary to consider how to use such 

locations, for example how to produce the mulching materials or 

perennial crops . 

7.2 Ecological characteristics of roots under single-cropping and 

intercropping conditions 

It is generally recognized that intercropping systems have 

many advantages including better utilization of environmental 

factors, greater yield stability in variable environments, soil 

protection, and regularity of food supply (Beets 1982). These are 

owing to the ecological diversity within the various pattern of 

crop combination and crop sequence (Lal 1986). Such a complex 

systems give rise to a complexity of research questions, compared 

to monoculture, and it is difficult to evaluate what factors most 

constrain production (Parkhurst and Francis 1984). Much of 

intercropping study has focused on the question: "does the 

intercropping offer some sort of advantage over the associated 

monoculture?" or "if the intercropping is advantageous, why?" 

(Vandermeer,l989). To answer these questions, most part of the 

present study have been carried out under conditions of the 

experimental station. 

The author examined the advantage of intercropping systems 

focusing on the under-ground interrelationships between two kinds 

of intercropped plants. At first, the experiment was carried out 

in the experimental field in order to minimized the 
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environmental factors (Chapter 6). Next, similar experiments were 

carried out on-farm in a slash and burn field to check the ap­

plicability of the results obtained in the former experiment. 

These results are summarized as follows : 

1) Results obtained from the experimental field in Japan. 

When maize and soybean was intercropped, their root systems 

expanded markedly compared with those in single-cropping. The 

overlapping areas of the root systems of maize and soybean under 

intercropping conditions were significantly larger than under 

single-cropping conditions. An increase in root number under 

intercropping conditions was also observed. 

2) Results obtained from on-farm experiment in Thailand. 

In a sloping land, the distribution of maize root systems under 

single-cropping conditions was restricted depending on the soil 

depth, and the root system showed a symmetric pattern. In the 

field just after clearing, the distribution of maize, upland rice 

and soybean root systems under tractor tillage conditions 

extended in the deeper soil layer, compared with that under no­

tillage, resulting from differences in the distribution of ash in 

the soil. Under tractor-tillage, the root systems of maize, 

upland rice and soybean showed an oval type, a hanging-bell type 

and an oval type, respectively. Under no-tillage, they all showed 

a streamline type. On the other hand, maize, upland rice and 

soybean under intercropping conditions extended their root 

systems toward those of different species, not toward the same 

species. Thus, all of the root systems of them showed an 

asymmetric pattern. The area of root systems under intercropping 
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conditions was significantly larger than that under single­

cropping. 

From the facts described above, the author concludes that the 

root systems under single-cropping conditions are subjected to 

the strong influence of the adjacent crop roots, and the 

interpenetration of root systems is restricted, while under 

intercropping conditions they can interpenetrate or overlap, and 

hence have a large root system area. This can be interpreted as 

an advantageous aspect of intercropping. Furthermore, judging 

from the orientation of roots, the fertilization effect of ash by 

burning can be expected, showing the advantageous aspect for crop 

production in a slash and burn field. Tractor tillage so far may 

be effective for weed control and increase of a crop 

productivity. The author cannot efface the most serious problems 

which may possibly arise as a erosion and/or drastic decrease of 

crop production. 

7 . 3 Further study needed for developing a continuous upland 

farming in the monsoon tropics 

It is necessary to increase crop productivity within the 

presently cultivated area in order to reduce the need to clear 

new lands for farming and to sustain the forest resource in the 

tropics (Lal 1986). Therefore, ecologically compatible upland 

farming systems have t o be developed in the present slash and 

burn fields. In this study, the author pointed out the following 

three facts. First, a crop productivity in a steep sloping land 

markedly decreases due to Lhe shallow soil depth and high gravel 

I I :i 



contents. Next, intercropping systems from the point of view of 

the distribution of intercropped crop roots are capable of 

increasing the productivity compared with single-cropping. And 

finally, the fertilization effect of ash exerts the soil 

fertility in slash and burn field. 

Based on these considerations , the following recommendations and 

necessity of further study are shown. 

1) Crop cultivation at a steep location in sloping field should 

be avoided. Instead, the controllable weeds, as mulching 

materials, or perennial crops should be grown. 

2) If mulching materials are sufficient to cover fields overall, 

ash obtained by burning should be incorporated into the surface 

layer by hoe, and then completely covered with mulch before the 

first shower. 

3) Intercropping systems which consist of cereal crops and 

leguminous crops are worth trying for the purpose of effective 

use of land and the other advantages. 

4) The beneficial effect of tractor tillage practiced in sloping 

land may be temporary; it is possible to spoil the fields from 

the long-term point of view. This is one of the subjects for a 

further study. 

5) A cropping system in slash and burn field, which consists of 

annual and perennial crops, should be investigated to sustain 

upland farming in the monsoon tropics. 
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Appe nd ix: So il Prof i l e Desc r iption 

Locat ion : T21 
Topography: South 13° cast facing slope, grad1ent 9°, on the moderately steep 
mountainous slope 
Al t1 tude: 51 2m 

Hor. Depth Description 
(em) 

Apl 0-7 Dull orange (5YR6/3) when dry, Very dark redd1sh brown (SYR2/4) 
when mo t st; dry; s1lty clay; modera te fine angula r blocky, slightly hard; no 
sticky, plasttc; many roots; common strongly weathered gravels; clear smooth 
boundary to 

Ap2 7-17 Dull reddish brown (SYRS/4) when d r y, Very dark reddt!lh 
(5YR2/4) when moist; dry; silty clay; strong medium angular blocky; 
slightly sticky, plastic; many roots; common strongly weathered gravel~; 
s mooth boundary t o 

brown 
hard; 
ClPar 

OAt 17-30 Reddish brown (5YR4 /6) when dry, Dull reddish brown (5YR4/4) 
when moist; dry ; light clay; thin dull redd1sh b r own (SYR4/4) cutan on pcd 
surface; strong med1um angular block y, to firm; sticky, very plastic; many 
roots; many s t rongly weathered s mall pebbles; gradual irrcgula•· boundary to 

Dt 30-60 Reddtsh brown (5YR4/8) when moist; moist; light clay; modl'ratp 
coarse angular blocky; friable to firm; slightly sticky, plast ac; common 
roots; many strongly weathered small pebbles; gradual smooth boundary to 

DC 60-100 Reddtsh brown (5YR4/8); moast; laght clay; weak coarse angular 
blocky; friable; sttcky, plastic; common roots; common strongly weathered 
small! pebbles; clear smooth boundary to 

C 100-110• Braght rcdd1sh brown (SYRS/8); moist; heavy clay;stacky, 
pla stic; many roots; many strongly weathered cobbles 

Locat.ton : T22 
Topography: South 20° cast facing slope, gradient 21°, on steep mountaanous 
slope 
Altitude 520m 

llor . Depth 
(em) 

Descriptlon 

Apl 0-7 Du ll orange (5YR6/3) when d r y, Dark reddish brown (5YR3/3) when 
moist; dry; lagh l clay; dominant str ucture is weak fi ne granular and ~ubdom1-
nant o ne is weak medium a ngular blocky, slightly hard; sightly sticky, plas­
tic; many roots; many strongly weathered gra vels to pebbles; clear smoo th 
boundary to 

Ap 2 7-18 Dull orange (5YR7/3) when dry, Dark reddish brown (5YR3/6) when 
moist; modprately dry; heavy clay; strong fine angular blocky; friable to f1rm 
when moist, sl1ghtly hard when dry; sticky, very plast1c; common roots; abun­
dant strongly we athered pebbles; clear wavy boundary to 

DC LS-33 Br1ght red d1sh brown (SYRS/6) when dry, reddish brown (5YR4/8) 
when moist, moderately dry; heavy clay; strong f1ne angular blocky, fnable to 
firm when mo1st, slightly hard when dry; sticky, very pla ~t1c; common roots; 
abundant strongly wcathe1·ed cobbles; gradual smooth boundary to 

R 33-85 • 



Location : T23 
Topography: South 28° east fac1ug graded slope, gradient 17°, on the steep 
mountatnous slope 
Alt itudp· SJ7m 

Hor. Dl'pth 
(em) 

DescriptJ.on 

Ap 0-<1 Dull orange (5YR6/3) when dry, Dut•k reddish brown (5YR3/3) when 
moist; dry; I •Rht clay; weak very fine angular blocky; slightly hard; slightly 
sticky, plastic ; many roots; many strongly weathered gravels; clear smooth 
boundary to 

BA 4-12 Dull redd1sh brown (2.5YR5/4) when dry, Dark reddish brown 
(5YR3/3); moderately dry; llRht clay ; strong medtum angular blocky; slightly 
hard; sti~ky, very plasti~; ~ommon roots; many strongly weathered pebbles; 
clear wavy boundary to 

Bt 12-31 Brtght brown (2.5YR5/6) when moist; moderately dry; heavy clay; 
llun fa1nt dull reddish brown ( 2. 5YR4/4) cutan on ped surface; moderate coarse 
subanRular blocky, friable to firm when moist, sltghtly hard when dry; sticky, 
very plasttc; common roots; many strongly weathered pebbles; clear wavy bound­
ary to 

C 31-46 Reddtsh brown (2.5YR4/6) when motst; moderately dry; heavy clay; 
no structure; sticky, very plastic; many roots; abundant strongly weathered 
pebbles; cll'ar smooth boundary to 

R 46-72 

Location : T24 
Topography: South 28° east factng slope, gradtent 24° on the steep mountainous 
slope 
Altitude 544m 

Hor. Ocpth 
!em) 

Description 

Ap 0-3 Very dark rl'ddtsh brown ( 5YR2/3); mo1st; llght clay; moderate 
fine to mcd1um subangular blocky; friable; sltghtly sticky, plastic; many 
roots; fl'w strongly weathc>rc>d gravpls; clear smooth boundary to 

Bt 3-11 Dark reddtsh brown(5YR3/4); moist; clay loam; spot distinct dull 
reddtsh b•·own ( 5YR4/4) cut an on ped surface; moderate fine to medium subangu­
lar blocky, frtable; sltghtly sttcky, plasttc; many roots; many strongly 
weath€'r€'d r.mall pebbles; clea• · smooth boundary to 

BCt 11-25 Reddish brown (5YR4/6)"'Dark reddish brown (10R3/3); dry; clay 
loam; spot dihttnct 2.5YR3/3 (dark reddish brown) cutan on pcd surface; moder­
ate coarse> angular blorky; loose; slightly st1rky, very plast1c; common 
roots; abundant strongly weathered pebbles; cleat· wavy boundary to 

II 25-67 

Ei 1 

Location : T31 
Topography: South 8° west facin~ slope, gradtc>nl 11° on the moderate 
montainous slope 

steep 

Altttude: Sllm 

llor. Depth 
(em) 

Descrtpt ton 

Ap 0-7 Very dark reddish brown (5YR2/3)*0ark reddtsh brown (5YR3/4); 
moist; light clay; weak med1um subangular blocky; friable; sllghtly 'ltlcky, 
plastic; many roots; few strongly weathered pebbles; clear smooth boundary to 

BAtl 
rpddtsh 
blocky; 
strongly 

7-28 Reddtsh brown !5YR4/6J; moderately dry; heavy clay; 
bro,..·n ( 5YR3/6l cutan on ped surface; moderate coar·s(• 
firm when mo1st, hard when dry; sttcky, plastic; few 
weathc>red gravels; gradual smooth boundar·y to 

th1n dark 
subangular 

roots; few 

8At2 28-59 Reddish brown (5YR4/6); moist; heavy clay; thin dull rPddish 
brown (5YR4/4) cutdn on ped surface; moderate coars!' nubangular blocky; firm 
when moist, hard when dry; sticky, plastic; common roots; common strongly 
weathered pebbles; clear smooth boundarv to 

Bt 59-100 Reddish brown (5YR4/8), moist; heavy clay; thtn reddtsh 
cutan on ped surface (5YR4/6); moderate coarse angular blocky; ftrm; 
plastic; common roots; common strongly weathered pf'bbles 

l.ocat ion T32 

brown 
st1cky, 

Topography: South 20° west factng slope, gradtent 17°, on the steep mountain­
ous slope 
Altllude: 51Sm 

llor. Depth 
(em) 

Descriptton 

Ap 0-9 Dark reddtsh brown tSYRJ/3); motst; ltght clay; moderate medium 
subangular blocky; frtable; slightly sticky, plast1c; many roots; common 
strongly weathered pebbles; clear smooth boundary to 

Bt 9-20 Dull brown (7.5YR5/4) when dry, Dull rcddtsh brown (5YR I /1) when 
moist; modrately dry; light clay; thrn spot faint dar·k t·eddtsh br·own (5YR3/3J 
cutan on ped surface; weak medium subangular blocky; very friable>; sltghtly 
sl icky, plastic; common roots; many stt·ongly wea ther·ed pebbles; gradua I smooth 
boundary to 

CB 20-36 Br1ght reddish brown 1 5YR5/6) when dry, Dark reddtsh brown 
(2. 5YR3/4 l when motst; dry; heavy clay; stiCk)' , -.ery plastic; common roots; 
abundant strongly weathered pebbll's; abrupt smooth boundary to 

R 36-55+ 



Location T33 
Topography: South 22° west facing slope, gradient 16°, on the moderately steep 
mountainous slope 
Altitude: 520m 

Hor. Depth 
(em) 

Description 

Ap 0-5 Dark reddish brown (5YR3/3); moist; light clay; weak medium 
subangular blocky; very friable; slightly sticky, very plastic; many roots; 
common str·ongly weathered s mall pebbles; clear smooth boundary to 

Bt 5-12 Dull reddish brown (5YR3/3) when dry, Dark reddish brown 
(5YR3/4) when moist; moderately dry; clay loam; distinct spot thin dark red­
dish brown (5YR3/3) cutan along a root channel or on ped surface; moderate 
medium angular blocky; friable; slightly sticky, plastic; many roots; many 
st rongly weathered s mall pebble; clear smooth boundary to 

CB 12-33 Dark reddish brown (SYR3/6); moist; light clay; no structure; 
sticky, very plastic; common roots; abundant strongly weathered pebbles; 
gradual smooth boundary to 

R 33- 75i 

Location: T41 
Topography: North 86° west facing slope, gradient 9.5° on the moderately steep 
mountainous slope 
Altitude: 512m 

Hor. Depth 
(em) 

Description 

Ap 0-18 Dark brown (7.5YR3/3)*Brown (7.5YR4/4); moderately dry; 
clay; no structure; sticky, plastic; many roots; few strongly weathered 
pebbles; clear wavy boundary to 

heavy 
s mall 

Bt l 18-43 Dull reddish brown (5YR4/4); moist; light clay; thin distinct 
continuous dull reddish brown (5YR4/3) cutan on ped surface; moderate coarse 
angular blocky; firm; slightly sticky, plastic; common roots; few strongly 
weathered gravels; gradual s mooth boundary to 

Bt2 43-SSi Reddish brown (5YR4/6); moist; heavy clay; thin faint dull 
reddish brown (5YR4/4) cutan on ped surface; moderate coarse angular blocky; 
firm; sticky, very plastic; few roots; no stone; gradual s mooth boundary 
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Location: T42 
Topography: North 19° west facing slope, gradient 16°, on the moderately steep 
mountainous slope 
Altitude: 518m 

Hor. Depth 
(em) 

Description 

Ap 0-29 Dull reddish brown (5YR4/4) when moist, brown C7.5YR4/4) when 
dry, other color is reddish brown (5YR4/6, distinct, many, coarse); moderately 
dry; clay loam; no structure; slightly sticky, plastic; many roots; many 
strongly weathered pebbles; clear wavy boundary to 

R 29-78 Reddish brown (5YR1/8); moist; heavy clay; no structure; sticky, 
very plastic; few roots 

Location: T43 
Topography: North 72° west facing slope, gradient 8°, on the sloping mountain­
ous slope 
Altitude: 523m 

Hor. Depth 
(em) 

Description 

Ap 0-27 Dark reddish brown (SYR3/3), other color is Reddish brown 
(5YR4/6, distinct, many, coarse); moderately dry; clay loam; no structure; 
slightly stick y, plastic; no root; abundant strongly weathered small pebbles; 
abrupt wavy boundary to 

Bt 27 - 50 Reddish brown (5YR4/6); moist; heavy clay; thin 
reddish brown (5YR4/4) cutan on ped surface; moderate coarse 
friable to firm; sticky, plastic; common roots; few strongly 
els; gradual smooth boundary to 

BC 50-66 Reddish brown (5YR4/6); moist; heavy clay; 
angular blocky; friable to firm; slightly sticky, plastic; 
strongly weathered s mall pebbles; abrupt s mooth boundary to 

R 66-85+ 
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continuous dull 
angular blocky; 
weathered grav-

moderate coarse 
few roots; few 



Appendix : Soil Profile Description 

Location: 14 Tlllage
0 0 

Topography: South 86 west facing slope, gradient 12 , on the moderately steep 
mountainoua elope 
Altitude: 510.. 

Hor. Depth 
(em) 

Descript:ion 

Ap 0-23 Dull reddish brown (5YR4/4); dry; clay loam; moderate 
subangular blocky; hard to very hard; slightly sticky, plastic; many 
roots; gradual irregular boundary to 

fine 
fine 

Bw 23-63 Reddish brown (5YR4/8); moderately dry; heavy 
fine subangular blocky; very firm; sticky, plastic; common 
clear regular boundary to 

clay; moderate 
very fine roots; 

R. 63-65+ 

Location: 14 Hon-t:ill.a§• 
0 Topography: South 84 west facing slope, gradient 18 , on 

slope 
steep mountainous 

Altitude 510.. 

Hor. Depth 
(em) 

Description 

Ap 0-127 Dark brown (7.5YR3/3); dry; clay loam; strong 
angular blocky, hard; sightly sticky, plastic; common fine roots; 
boundary to 

fine to medium 
clear Slllootb 

BA 12-31 Dark reddish brown (5YR3/5); moderately 
moderate fine to medium angular blocky; firm; sticky, 
fine roots; gradual smooth boundary to 

dry; heavy 
plastic; few 

clay; 
very 

Bw 31-70+ Dark reddish brown (5YR3/6); moist; heavy clay; moderate 
fine to medium angular blocky; firm; very sticky, very plastic ; no root; 

Location : TSll 
Topography· Nor·th 26° Wf•st facing slope, gradtent 11° on tlw moder.He 'itN•p 
mountarnour, r.lop~ 
AltlludP: Sl~m 

Hor·. D<>pth 
I em) 

Description 

A 0-6 Grayish brown t5YR4/2l when dry, Brownrsh bt·own (S\R2/2l -..ht•n 
motst; moderately dry; light clay; weak fine subangular blorky, very frrabll"; 
sllghtly !;trcky, vrry plasttc:; abundant roots; few stronglly wl.'athl'l'l'd gravPI•;; 
clear s mooth boundary to 

AB 6-14 Dull rl'ddrsh brown t5YR4/4}; moist; heavy clay; tlun dark rPd­
dish t5YUR3/J} on ped surface; strong medtum subangular blorky; frrabiP; 
slightly stirky, plasttc; many roots; common strongly wrathrred grovel~; c:lear 
s mooth boundary to 

BA 14-32 RNldrnh brown (5YR4/6); moist; heavy clay; mod<•r·ou•ly coarnl' 
angular blocky; friabll'; sticky, very plastic; many roots; fpw Dlrongl) w~ath­
ered gravels; gradual s mooth boundary to 

Bt 32-72 Reddish brown (5YR4/8); moi st; heavy clay; thrn f.11nt rNidt<;h 
brown ISYRI/6) cutan on ped surface; moderately coarse angular blocky; frr­
able; sticky, Vl'l'} plastic; common roots; common strongly we.lthet·~d s m.lll 
pebbles; ch•ar r,mooth boundary to 

DC 72-81 1 Rl.'ddt sh brown 1 5YR1 /S); moist; heavy c lav; moder·a II' 1 y ml'd nrm 
subangular blocky; frtabll'; st1cky, very plastic; common roots; fl"" strong!}· 
weathered gravpls 

Location: T5 12 
Topographv: "orth 16° west facing slope, gradient 15°, on the lll(')d!'roHPly 
mountatnous slope 
Alt 1 tude: 519m 

Hor. DPplh 
(em) 

Description 

r,tel.'p 

A 0-2 Dark brown (7.5YR3/3}; moderat ely dry; c lay loam; W<'ak f1nc• 
subangulat• blocky; very friable; slightly sticky, plastu;; many root<;; many 
strongly weathC't'<•d s mall p~bbles; clear wavy boundat·y t o 

BA 2-27 Dull reddt~lh brown (5YR4/4)*0rown C7.5YR4/6l; motst ; lrght clay; 
moderal~ medrum to coarse anqular blocky; very fraable; sttcky, plast 1<; many 
roots; many strongly wrathered small pebbles; clear s mooth boundary to 

Bw 27-50 Reddt•.;h brown 15YR4/8); moist; heavy clav; moderate ro.ll''H' anqu­
lar blocky; fr table; sticky, plas t 1c; common roots; common strong I y wl.'a t twn•d 
s mall pebblN>; t•}(•at· s mooth boundary to 

BC 50-66 Reddtsh brown 15YR4/S); motst; heavy clay; wpak coarqe angular 
blocky; fnabll'; •;t tcky, pla5tlc; common roots; many stronglr weathl.'red small 
pebbles; clNH s mooth boundary to 

R 66-85• 



Location T5 13 
Topography: North 5° west fac1ng slope, gradient 16.5° on the 
moderate steep mountainous slope 
Altitude: 52<1m 

Hor. Depth 
(em) 

Description 

A 0-1 Ddrk brown (7.5YR3/3); moist; light clay; modct·ate fine 
subangular blocky; very friable; slightly sticky, plastic; abundant roots; 
few strongly weathered gravels;clear s mooth boundary to 

AB 4-11 Dull reddish brown <5YR4/4); motst; heavy clay; moderate medium 
to coarsP subangular blocky; very friable; sticky, plastic; many roots; fe~o; 

strongly weathered gravels; clear smooth boundary to 

BAt IJ-35 Reddish brown (5YR<1/8); moist; hPavy clay; thin distinct cutan 
along a root channnel and on ped surface; moderate coarse angular blocky; 
friable; s t1 cky, plastic; many 1·oots; few strongly weathered grav(•ls; gradual 
s mooth boundary to 

Bw 35-73 Bright redd1sh brown C5YR5/6); mo1 st; heavy clay; strong coarse 
angular blocky; friable; st1cky , plast1c; common roots; few strongly weathered 
gravels; clear s mooth boundary to 

CB 73-85• Reddish brown (5YR4/8); moi st; hPavy clay; no structure; sticky, 
very plast1c; few roots; few strongly weathered pebbles 

Location: T52 l 
Topography: North 21° east factng slope, grad1Pnt 18°, on the steep mountain­
ous slope 
Al tltudP: 507m 

llor. Depth 
(rm) 

Description 

A 0-6 Dark reddish brown <5YR3/3); moi st; heavy clay; moderate fine to 
medium subangular blocky; very friable; sl 1ghtly sticky, s!Jghtly plast1c; 
many roots; common strongly wpathered small pebbles; clear s mooth boundary to 

BA 6-20 Dark reddish brown (5YR3 /6); moist; heavy clay; moderate medium 
subangular blorky; very friable; sticky, plastic; many roots ; common strongly 
weathered ~mall pebbles; clear smooth boundary to 

B"' 20-53 Reddish brown ( 5YR4/8); mo1 s t; heavy clay; moderate coarse 
angular blocky; friable; sticky, very pla s tt c; many roots; common strongly 
weathered pebbles; gradual smooth boundarv to 

BC 53-72 Reddish brown (5YR4/8); mot st; heavy clay; weak coarse a ngular 
blocky; frtablc; sticky, very plastic; few root s ; common s t rongly weathered 
pebbles; dear wavy boundary to 

R 72-78 

160 

Location: T522 
T h N h 1° f · o opograp y: ort east ac111g slope, gradient ll , on the moder·atc steep 
mountainous slope 
Altitude: 511m 

Hor. Depth 
(em ) 

Description 

A 0-7 Dark reddish brown (5YR3/3); moi s t; heavy clay; moder•atr med 1um 
subangular blocky; very friablr; slightly sticky, plastJc; abundant roots; few 
st rongly weathrred s mal 1 pebbles; clear smooth boundar·y to 

BA 7-23 Brown (7.5YR4/6) when dry, Dark rPdd1sh brown c5YR3/6) when 
m<?1st; m<?derat e l y dry; heavy clay; moderate med1um angular block)·; fr 1able to 
ft rm ; sttcky, very plastic; many roots; few strongly weathered small prbbles; 
gradual smooth boundary to 

Bw 23-54 Reddish brown (5YR<1/6); moist; heavy clay; modrratr 
angular blocky; friable to firm; s ti cky, plastic; common roots; few 
weathered s mall pebbles; clear s mooth boundary to 

coarse 
strongly 

BC 54-88 Rrdd1sh brown !5YR4/6 ); mo1st; heavy clay; weak coarse angular 
blocky; friable to firm; sticky, plastic; few stronRlY weathered ~mall peb­
bles; c lear smooth boundary to 

R 88-92• 

Location: T523 
Topography: North 
mountainous slopr 
Altitude: 517m 

9° west facing slope, grad1net 10° on the modet·ate steep 

llor·. Depth 
(em) 

Description 

A 0- 9 Dark reddish brown (5YRJ/2); moist; ltght 
subangular blocky; friable; sligh tly stcky, plastic; 
strongly weather!'d gravels; clear s mooth boundar)' to 

clay; mod!'r'ate 
abundant roots; 

f1ne 
few 

BAt 9-19 Dark reddish brown (5YR3/4); moi s t; 1 ight clay; thtn 
r·c•ddis h brown (5YR3/3) cutan on ped surface; mode1·ate medium 
blocky; friable; slightly sticky, plastic; many roots; few strongly 
gravels; clear s mooth boundary to 

Bt 19-42 Redd1sh brown (5YR·I/6); moist; heavy clay; thin fa tnt 

spot dark 
subangu lar 

weathered 

cont1nuous 
dull reddish brown C5YR4/<1l cu t an 
blocky; 

on ped surfac1•; moder·ate coat'"S(_' angular 
fnable to firm; slightly sticky, very plasttc; common roots; fe~o; 

strongly weathered gravels; gradual s mooth boundar·y to 

DC 42-60 R~>dd1sh brown (5YR1/8l; moist; heavy c lay; weak coarse angular 
blocky; firm; slightly s ticky, vpry plastic; few roots; few s trongly w!'athered 
gravels; abrupt s mooth boundary to 

R 60-73• 

J()J 



Location: 161 
Topography: Horch 
mouncainous slope 
Alcicude: 506m 

70° west facing graded slope, gradienc 21°, on che sceep 

Hor. Depch 
(em) 

Description 

Ap 0-13 Grayish red 
dry; clay loam; scrong 
sticky, slightly plastic; 
abrupt smooth boundary to 

(2 • .5YR3/2); 
slightly 
gravels; 

(2.5YR6/2) with some dark reddish brown 
fine to medium subangular blocky; hard; 

common fine roots; few strongly weathered 

BAt 13-2.5 Dull reddish brown (2 • .5YR.5/3); moderately dry; heavy 
thin dull reddish brown (2.5YR4/3) cutan on ped surface; strong 
medium angular blocky; hard; sticky, plastic; common fine roots; 
strongly weathered gravels and pebbles; gradual smooth boundary to 

clay 
fine co 

common 

Bt 25-80+ Dull reddish brown (2.5YR4/5); moderacely dry; heavy clay; 
thin dull reddish brown (2.5YR4/4) cutan on pad surface; strong fine to 
medium subangular blocky, friable ; sticky, plastic; few fine roots; abundant 
gravels; 

Location: 162 
Topography: North 32° west facing slope, gradient 16° on the moderately steep 
mountainous slope 
Altitude 512m 

Her . Depth 
(em) 

Description 

Ap 0-3 Dark reddish brown (5YR3/3); dry; clay loam; 
ped surface; strong fine to medium subangular blocky; hard; 
plastic; common fine roots; abrupt wavy boundary to 

thin cutan on 
sticky, very 

BAt 3-22 Dark reddish brown(2.5YR3/4); moist; heavy clay; thin cutan 
on ped surface; strong medium co coarse angular blocky; friable; very 
sticky, very plastic; common fine roots; gradual wavy boundary to 

Bt 22-65 Dull reddish brown (2.5YR4/4); moist; heavy clay; thin cutan on 
ped surface; strong medium to coarse angular blocky; firm; very sticky, 
very plastic; few fine roots; few gravels and pebbles ; diffuse smooth bound­
ary to 

R 6.5+ 

Jli2 

Location: 163 
Topography: Horch 36° wesc facing slope, gradienc 16° on che moderate steep 
moncainous slope 
Alcicude: 516m 

Her. Depth 
(em) 

Description 

Ap 0-4 Grayish brown (.5YR6/2) when dry, and dark reddish brown (.5YR3/2) 
when moist; dry; clay loam; strong fine to medium subangular blocky; slight­
ly hard; slightly sticky, plastic; many fine roots; abrupt smooth boundary to 

BAtl 4-15 Dull reddish brown (2.5YR4/4); moderately dry; heavy clay; 
acrong medium to coarse angular blocky; slightly hard; sticky, plastic; many 
fine roocs; gradual smooth boundary to 

BAt2 15-30 Dull reddish brown (2.5YR4/4); moist; heavy clay; chin cutan on 
pod surface; strong medium to coarse angular blocky; friable; sticky, plas­
tic; common fine roots; few strongly weathered gravels; gradual smooth bound­
ary to 

Bt 30-55 Dull reddish brown (2.5YR4/4); moisc; heavy clay; thin 
on ped surface; moderate medium to coarse angular blocky; friable; 
plastic; common fine roots; few strongly weathered gravels; gradual 
boundary to 

R 55+ 

cutan 
sticky, 

smooth 
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9.62 
6.65 
0.00 
1.91 
3.31 

0.11 
0. 21 
U4 
0.23 
0.12 
o. 21 

0.09 3.25 
0.3( 3.12 
0.21 19.18 
0.0& 0.00 
0.21 o.oo 
0.31 1.10 

0.20 0 0.10 
0.19 0 0.06 
0.11 0 us 
0.38 0.12 0.06 
0.30 0 0.!0 
0,23 0 0.!0 

!.01 
1.61 
9.10 
0.00 
l.lt 
3.82 

0.037 0.000 0.0!4 3.126 0.!11 3.545 
0.122 o.ooo 0.011 l.ltl o.m 1.ll4 
0.022 0.018 0.0!1 3.5!6 0.268 5.!01 
O.OIJ 0.001 O.Oil !.920 0.230 l.lll 
O.Oi8 0.003 0.016 !.!II 0.!03 10.16! 
0.039 0.000 0.030 2.168 O.!ll 5.030 

0 013 0.000 0.015 2.593 O.ISl !.SOl 
o.oso 0 001 0.021 !.169 0.210 9.399 
0.019 0.030 0.013 1.56& O.ZSI 3.591 
0.039 0.003 0.008 2.13! 0.!00 3.111 
O.OH 0.001 0.01! 2.219 0.198 9.628 
0.02S 0.018 0.011 2.1!1 0.!11 5.381 

o.oJo o.ooo o.ott J.m o.m Lm 
o.oto o.t81 o.031 3.116 o.m 11.118 
0.019 0.016 0.013 3.118 0.2!0 1.011 
UJS 0.005 0.008 !.Ill 0.19! 3.!15 
0.010 0.015 0.011 2.533 0.!1! 6.263 
0.021 0.030 O.OIS 2.l!l O.!ll 6.116 

I) Field nu• ber: I. 3rd Je&rs, 1. llh JUrs1 l • 9lh JUrs 4· 1st JUts.!) Lce&tlcr. nU>ber 1. lover slope, 2. aiddle slope, 
3. upper slope 3) L&Jfl nuaber. I. 0-1 ca 2. l-10 CJ. q Pencd nu ober: J. before burnir,g, 2. &fter burur.g, l. t fler ~trvesllcg 

16;) 



Jable Soil che• tca l pro()erc.l•• Nfore burnina. 

pH 
~CI 

!C 
( .S) 

Ex. H Total 
)( 

----------------- (caol ( •) /KI )--------------· (•8/ 

&. 51 
6. S I 
6. 29 
6. 28 
s.n 

6.30 
6.12 
6 . 23 

6. 36 
6.30 
6.01 

6.61 
6. 65 
6. 57 

6.10 
s. 34 
s. 17 
5.84 
6.H 

I 6. 56 

2 '· 38 
3 6.11 

6.52 
2 £.10 
3 5.87 

I 6. 21 
2 6. 58 
3 6.31 
6 &. 01 
1 s. 93 

s. 70 
5. 97 
6. 20 

6.16 
s. 95 

3 6.30 
s s. 28 
9 s 13 

5.9& 
s . 64 
S.Sl 

I 6.11 
2 s. 64 
3 s. 36 
9 s. 22 
8 s. 31 

&. 59 
6. 2S 
5.84 
5. so 

I S. 97 
2 s 61 
3 S.£2 
s 5 4S 

1 
2 
3 
a 

6 . 09 
s .34 
5.21 

s. 83 
s. 38 
5 .3S 
5.19 

s. 62 
5. 23 
4.82 
4.66 
4.29 

s . 22 
•• 77 
4.49 

5.38 
4. 61 
4.41 

5.96 
5.69 
s. 47 

4. 91 
4. 30 
4. 46 
4. 43 
4 . 67 

6.13 
5.62 
s. 12 

5.12 
5 . 22 
4. 73 

5.16 
s. 52 
S.28 
4.71 
4. so 

4.50 
4. 87 
s. 02 

s. 12 
4. 75 
s. 20 
4. 34 
4. 26 

4. 6S 
4.33 
4 21 

S.IS 
4. 34 
4.23 
4.13 
4.22 

5.52 
S.OI 
4. 43 
4. 28 

4.8& 
4.24 ... ., 
4. 11 

4 . 91 
4.12 
4.05 

4. 42 
4 . 04 
4.09 
•• 16 

ao 
47 
21 
14 
13 

0.070 
0.092 
0.045 
o. 039 
0.057 

11 o.oso 
28 o. 069 
31 0 ou 

as 
17 
IS 

o.ou 
0.052 
o. 102 

120 o oao 
91 o. 064 
sa o.o•a 

4 8 
sa 
23 
IS 
IS 

200 
108 

38 

104 
51 
30 

96 
14 
60 
25 
23 

47 
4 9 
ss 
,. 
42 
57 
16 
It 

36 
It 
12 

60 
20 
10 

1 
14 

116 
61 
18 
10 

56 
2S 
13 
12 

0.104 
0.063 
0.099 
o.oas 
0.119 

0.051 
o.on 
0.048 

o.oso 
0.070 
0.046 

o.ou 
0.082 
0.056 
0.042 
0.048 

o. 052 
o.oss 
o.oso 

0 044 
0.037 
0.043 
0.013 
0.057 

o.oso 
0.038 
0.042 

o. 061 
o.ou 
0.032 
0.033 
o. oso 

0.031 
0.04S 
0.049 
0.031 

0.031 
0.036 
0.026 
0.054 

ss 0 041 
" 0 048 
14 0 039 

4 0 

" 10 
9 

o.ou 
0 030 
0.023 
0.033 

0.91 
o. S2 
o. 28 
0. 20 
O.JS 

6' 04 
3.16 
2.31 
1.38 
O.SI 

2. 22 
). 33 
I. 10 
J. 12 
0.89 

0.69 4.04 2.34 
o.ss 2.43 1.49 
0 63 2. 11 I. 54 

0.95 s.os 
0.28 1.54 
0.22 1.12 

2. ss 
1.96 
1.81 

0.10 4.99 3.64 
0.49 3.09 2.64 
o.u 1.96 2.34 

o.3s 
0, IS 
O. IS 
o. 12 
0. II 

4. 12 
2 0 61 
3. OS 
I. 52 
2' 79 

J. 60 
0' 89 
o. 99 
J. 21 
I. 20 

LOS 0.94 2.88 
0.12 6.89 1.4S 
0.42 4.19 0.19 

0.63 6.38 2.26 
0 . 41 4 . 47 1.73 
0.38 2.S6 1.04 

0 . 59 
0.36 
0.33 
0.18 
0.18 

1. 40 
7.05 
6. 04 
3. 90 
3.21 

2. 73 
2. 37 
2. II 
1.41 
I. 30 

Oo39 2.56 1.62 
0, 36 S, OS 2 . 30 
0.39 5.26 2.58 

0.96 
0.19 
0.11 
0.39 
0 . 25 

3.50 1.94 
2.22 I.S6 
s' 19 2. 09 
1.33 0.87 
1.29 0.92 

0.61 3.66 2.16 
0.21 1.16 1.11 
0.19 0.33 0.96 

0.60 S o37 
0.63 1.41 
0.35 0.56 
O.JS 0.26 
0.23 0.36 

2.58 
1.11 
o. 47 
o. 19 
0.30 

I. 25 
I. 21 
o. 45 
0. 27 

0.49 
0.18 
Oo IS 
O. II 

5.91 3.14 
2.9S 2.00 
o. 90 I. 43 
0.14 0.19 

5.30 2.63 
1.41 1.04 
0.64 0.90 
0.93 O.S7 

0.66 4.21 2.46 
O. SI 1.04 0.12 
0.30 o.ss 0.36 

0.54 
Do 23 
0' 20 
0.19 

2. 34 
0. 91 
o. 46 
o. 11 

2.&9 
0. 92 
o. 32 
0.66 

0.21 
0.01 
o. 23 
0.30 
0.48 

o.oo 
0.00 
o.oo 
o. 24 
2. 46 

0.2S o.oo 
0.25 OoOO 
Oo20 OoOO 

O.IS 0.00 
Oo29 OoOO 
0.31 0.18 

0.06 
O.H 
o. 12 

0.09 
0.11 
o. 25 
0.42 
0.16 

o.oo 
o.oo 
0.00 

I. so 
o.oo 
o. 60 
I. so 
0.36 

0. IS 0.00 
0.10 OoOO 
0.19 o.oo 

0.18 o.oo 
0.11 OoOO 
0.34 OoOO 

Q, 2S 
Oo 18 
o. 11 
0.29 
o. 21 

OoOO 
0.00 
OoOO 
o.oo 
0' 90 

0.31 0.90 
0.21 o.oo 
0.20 o.oo 

0' 20 
o. 20 
0.22 
0 , Sl 
0.4S 

o.oo 
0. 30 
0.00 
4.80 
l o 12 

Ool3 0 . 96 
0.46 2 oS2 
0.46 4 , 86 

Do" 
0.69 
I. OS 
Oo82 
0.90 

0. 22 
0. 29 
o. 46 
Oo44 

o. 24 
0. 63 
0.18 
OoS2 

o. 29 
0.11 
0 , 88 

0. ss 
o. 72 
0.86 
0. 78 

0 . 24 
1. 80 
4, SG 
6' 54 
s' 10 

o.oo 
o.oo 
1.44 
4 .so 
0.00 
Z.Sl 
4 , 20 
6 o 00 

0 , 00 
6.60 
I. 92 

0 . 48 
6.60 
1 . a& 
8.H 

o." 
o. 14 
0. II 
0.08 
0.13 

1008) (X) 

S.27 2.660 
1.81 1.591 
!.OS 1.158 
0.86 0.983 
0.16 0.970 

(X) 

0' ll1 
0, IS3 
0. 116 
0.093 
0.094 

0.12 7.10 2.660 0.215 
0.14 3.82 1.591 0.111 
Ool3 2.61 J.IS8 0.183 

0.13 S.73 2.636 
Ooll 1.24 1.142 
0.13 0.95 0.971 

0 . 211 
0.111 
O. lOS 

0.01 8.71 2.399 0.183 
0.01 4.49 J.36S 0.131 
o.os 2oOI o.aso o.oas 

o. 21 
0.01 
o. 14 
0. II 
o.os 

3.91 2.235 
!.OS 1.505 
1.24 1.264 
0.95 1.020 
0.51 1.139 

o. 218 
Oo 163 
o. 135 
0. 098 
0.112 

0 13 22.00 3.602 0.324 
0 , 12 5.96 2.324 0.231 
0 06 1.91 1.512 O.JS1 

0.26 S o17 2.123 0.238 
0.09 3.15 1.948 0 , 187 
0 . 01 2.48 1.379 0.139 

0 . 09 
0.20 
0. 01 
o.os 
O. II 

o. 12 
0' 12 
o. 12 

0. II 
0. 01 
0.08 
0. OS 
0.03 

2 48 2.384 
2.20 2.308 
I, IS 1.619 
o . oo 1.181 
0.00 1.148 

o. 223 
0 . 219 
o. 171 
o. 122 
0. 114 

).81 2.006 0.)82 
1.12 2.602 0.219 
2.01 2.639 0.211 

4.11 1.167 
1.43 1.449 
2.67 2.157 
0.9S 0.648 
0.86 o.sos 

0.164 
0 . 141 
0.119 
o. 073 
D 067 

Ool4 4.81 3.219 0.212 
O.OS !.OS 1.734 O, JSO 
0.03 Oo95 1.304 0 . 123 

0' 12 
Do 06 
0.03 
0, II 
0.01 

0' 26 
0. IS 
0.04 
o.OJ 

0. IS 
0.01 
Oo06 
o.os 

4.86 2.893 
0.00 1.434 
0.86 o. 948 
8.25 0.4S2 
0.16 0.675 

3.82 3.402 
1.91 2 . 075 
0.86 1.194 
O.S7 0.633 

3. 91 4.464 
1.24 2.126 
0.86 I. 530 
0 48 0.9$2 

Oo217 
0.138 
0.093 
0.063 
o. 014 

0. 281 
0.188 
o. 116 
0. 075 

o. 276 
0.164 
O. liS 
0 . 093 

0.13 4 o17 3.036 0.226 
0 . 01 1.12 !.SIS Ool39 
0. 04 0 . 16 1.114 0.104 

O. 2S 
Oo 19 
0.06 
0.03 

4.17 3.516 
1.62 1.594 
1.15 1.179 
0.67 O.S91 

0 . 247 
0.148 
0 . 110 
o. 071 

1) r l~ ld nuabcr 2. Jrd ye ar, 3 4 th yeu· 4; 9th year, S and & tat year 
2) Locat ion nu.ber l; low•r elope, 2 . aiddl~ slope, l: upper stope 
3) Hor1Lon dep&.h 1: Q .. lQ c.• , 2; tO· 20 C• , 3 20 ... 30 c• 

lfi() 

Hoi a&. ... 
ur• 

(X) 

4. osa 
6. &IS 
8. 9S2 

10.180 
10.916 

3. 320 
1. 825 

10.045 

2.993 
8.812 
8. 485 

2. 224 
2.102 
J, 613 

s .695 
12. 148 
6' 491 
9 ' soo 
1 '481 

3. 603 
2.S19 
2.349 

1.434 
2.J 17 
2.376 

3.066 
8. 986 
3. 506 
2. 929 
8.155 

3. 366 
4. 068 
3. 578 

0 109 
2.593 
2.817 
3 . 369 
2 o 160 

4.890 
3.414 
2 o 840 

3.621 
3. 437 
3.016 
3. 113 
2' 731 

4 '762 
4' 136 
3. 133 
3.452 

s 122 
4 '467 
4 . ass 
S.6S2 

4. 520 
4. 249 
4 . 101 

1, 687 
s' 611 
s '092 
s' 030 

r' 

295 
11 
61 

346 
9 1235 

232 
ISS 

95 
42 
II 

61 
100 
370 

I 
2 
3 
s 

28S 
77 
22 

2 

I 
2 
3 
8 

232 
68 

142 

393 
1119 
108 

58 
221 

884 
442 
3S4 

442 
442 
442 
442 

10 

353 
34S 
140 

211 
223 

20 

632 
HS 

68 

29 

D. 99 
I. 32 
I. 33 
1.37 
I. 2J 

Table Sotl pt\yalca l proprerti•• · 

SOLID W•Ha Ala IIOISTUat CO,TEMT AT OlrrUE'T SUCTIO• 

37 '3 
49.8 
so' 2 
37.9 
46.4 

(X) ----·- 31.6 100 316 SOl 1000 IS40 

II. I 
24 '4 
27, I 
28.2 
28. 1 

51.6 
25.8 
22' 1 
33.9 
25's 

kpa kpa kpa kpa kpa \pe 

-------------- (%) ------------ - - ----

34 '0 
37' 9 
37' 4 
37.9 
37. I 

31.7 
36.7 
36' 4 
37. 1 
36.0 

30.5 
35' 0 
34.1 
35,0 
34.1 

29' 2 
33.6 
33.8 
34 '3 
32.1 

16.8 
32.3 
32.7 
33.1 
31 o6 

2S, 8 
31.9 
32.4 

32 ·' 
31. I 

1.11 35.9 
0, 9S 36 o I 

3 , 5 60.6 33.8 32.6 
12.3 Sl . 6 30.3 28.8 

30.8 28.9 27 . 6 
26.6 2S.S 24 , 3 

21.1 
23 . 6 

I. IS 
1.41 
1.46 

J, 18 
1.34 
I. IS 

I. 23 
I. 29 
1.43 
1.42 
J, S3 

o. 94 
I. 36 

I. OJ 

0.98 
1.06 
0.91 
I. 3< 

d.26 

1. OS 
0. 95 
I. 01 

1.13 
1.08 
I. OJ 
I. 36 
I. 37 

1.04 
I. 16 
I. 28 

1.11 
1.24 
1.32 

I. 12 
I. zs 
I. 32 

1.18 

43 o3 
53 . I 
SS. D 

44.3 
so. 2 
43.4 

46' z 
48.1 
S3, 8 
53. S 
57.8 

49' 2 
SJ. 2 

38.2 

36.9 
40.2 
36's 
so. s 
47.3 

39' 0 
35.8 
38.0 

42.7 
40.6 
38.9 
51.4 
SI.S 

S . 6 Sl.l 38 , 4 36.5 
14 oS 31.4 38 o0 36.2 
IS oO 30 o0 36.S 35.6 

20 9 34 . 8 
IS.O 34 o8 
32o0 24 o7 

23. 1 
21.3 
26.4 
29. 1 
27's 

30o 1 
30.0 
19 .a 
11.3 
14 '1 

32 3 31.1 
31 4 29.5 
39.2 37.6 

36.4 
37's 
39.1 
39' 2 
39' 0 

35.3 
36.2 
37.9 
38' 2 
37.0 

IS.6 35.2 3S.3 33.0 
17.0 31.8 31.9 36.3 

13. 6 48 o2 

18.6 
2S , I 
22.3 
27.4 
26.3 

28.7 
18.1 
20.9 

26.6 
20' 6 
20.4 
35.6 
35. s 

44 o5 
34 01 
41.2 
22.1 
26' 4 

32 0 3 
46. I 
41.2 

30.8 
38.9 
40.8 
13.0 
12 . 7 

30 . 7 

31.3 
33 . s 
30.2 
37.8 
3s .a 

29.2 

30.0 
32' 4 
29 o 2 
36.6 
34.7 

32.3 30o8 
31.7 30.0 
33.7 32.3 

33' 2 
31.6 
32.s 
42.1 
4 1.2 

31.7 
30o 4 
30.8 
41.2 
39 . 8 

39.3 36 o7 24 0 41 0 38.6 
43.7 38.9 11.4 41.0 39 , 3 
45 2 21 . ~ 21 s 31.9 29 o8 

44.0 
46' 1 
49.6 

33.4 22.6 40.0 37.6 
31.0 22.4 39.8 37.8 
30.4 20.0 41.4 39.3 

42.0 29.4 
47.2 31.8 
49.7 32.4 

28.6 
21.1 
17.9 

35.3 33.6 
37.3 35.9 
42.4 40.6 

44.6 32 o6 22 8 39.2 31 . 3 

34' 1 
34 ,J 
33.8 

31.' 30 o4 
32 . s Jo . a 
32.9 32.7 

28.7 27.6 25 . 9 
27.4 25.9 24 . 2 
34.8 33.6 32.2 

33.3 
34.0 
36.1 
36. I 
36.0 

31.0 
33.3 

32 '3 
32.9 
35. I 
35.4 
35.2 

19, I 
32' 2 

30.9 
31. 4 
33.7 
34.3 
34.1 

27 , 7 
30 o 1 

27.3 25.6 14 o2 

21.1 
30.3 
27.3 
34.1 
32.7 

26 .s 
29.2 
26.6 
33.8 
31.8 

25 . I 
27.8 
2S, 2 
32.4 
30.6 

28.9 28.0 26o8 
28.5 27.2 25.8 
30.0 29.0 27.7 

29.8 
28.5 
28 . 5 
39.3 
38.3 

28.7 
21.6 
21. I 
38. s 
37.1 

27.6 
26.4 
26 . 3 
31.1 
37 ,I 

36.5 3S.3 33 o6 
37.3 36.3 3S o3 
28.0 27.0 26 o2 

JS.o 33.7 32 . 6 
35.2 34.0 33.1 
36.9 3S.9 3S.I 

31.7 30.9 29.8 
34.2 33.3 32 . 5 
38.7 37.9 37 . 3 

3S o I 34.0 33 o I 

29 . 1 
2tol 
29 , 7 

2~ . 7 
23 . 7 
31.1 

29. t 
30 o6 
33 . 7 
J3. 9 
29 , 2 

23 ol 

24.6 
27.3 
21 o4 
J1.9 
30 o I 

Z6 o 4 
2S o 6 
26' 7 

27 .1 
2S , 7 
24 , 7 
37 . 0 
3S . 2 

32 o0 
32 01 
23 . ~ 

31.0 
32 . 0 
3~ '0 

29's 
32 0 0 
36's 

32 o6 

1) Fltld nUIIbtr: 2. 3rd year, 3. ·Hh Ytar, 4, 9th Ytf.r, S and 6 1st yeaa.r 
2) l.oe•t.lon nu•b~r: 1. lov er alope, 2. • iddle 1lope, 3 . upper slope 
l) Horl&on nu•ber: l. 0-10 ce, 2. 10·10 c • . J . 20 ... 30 c• 
4 ) Hydraulic conductlVity, S) lulk dtnaity 

1()7 

cs 
(% ) 

rs 
(% ) 

10.0 16.8 
9 o 1 IS 6 
s' 2 14. 2 
8. 4 II. I 
s a 10.7 

SILT CL•Y 
(X) (X) 

26.6 
22. 4 
22.0 
24 '4 
31.2 

46.6 
S2. 3 
ss 6 
56.1 
SZ.I 

12 . 513.2 27.1 HJ 
!Z oO 13.0 26.7 4S 3 
11.9 12 . 3 26 0 49 1 

10. 3 20.0 25.2 
13 . S 16.7 22. S 
l6 o4 IS.9 20.1 

44 s 
41 . 4 
41.4 

12 , 4 28.6 23.1 
14 o2 28.1 21.9 
l2 oS 25.8 2S.O 

36 . I 
35.3 
36 . 7 

1.2 ll.S 
1. 2 16. I 
6 0 6 16.0 
1. 2 14.9 
8.2 14.9 

12 o6 16 . 5 
lS , l IS . 4 
IS . I 14.8 

27.0 ~8 . 3 
32.0 44.7 
26.0 Sl.4 
23.6 54 .3 
2J.S S3.S 

24 •• 
23 . 3 
23. s 

46 o s 
4S 0 6 
46 01 

13 oS 26.3 22 . 4 
14 . 4 24 . 3 24.6 
l3 o9 22.6 26.1 

3 7. 6 
36 o8 
37 . 4 

7 . g IJ S 
8 o1 IJ I 
8.3 13. I 
7.1 12 I 
6 o8 12.1 

21.6 
27.7 
28 .s 
22.2 
26' 2 

49 o0 
s 1.1 
so. 2 
58.6 
54.9 

10 . 1 9.8 23.9 S6.3 
9.7 10.8 26.1 S3.4 
9.8 11.2 23.8 SS . 2 

13 . 3 11.7 
12' 9 14 •• 
12' 1 13 2 
1. z a. 2 

12 o9 8.6 

26 . 5 45.6 
26 . 0 46 o8 
26.6 47.s 
20.2 64 o4 
18 . 2 60 . 4 

a.r 12.3 22 . 9 s& . 8 
7.3 9.8 27.S SS oS 
S o9 a . s 22.s sz . a 

IO . S IS, 2 
8 o2 14.0 
8 . 2 10.3 
a. a 9.J 
8 . 8 12 ' 4 

ll oS 16 . 8 
12 o ~ IS, 1 

7 o 8 12 6 
10.0 10.8 
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Table Weed biomass in each location Table Root biomass in each layer 

WEED BIOMASS DATA lUnder catze cropptng; 
F2 125•2 control Kt/1112 control ton/ha 

2 7. 5 0.5 1.875 5 2.225 0.55625 Ll 
l2 3 0. 75 7.5 
l3 l. 35 0. 3375 3. 375 
l4 2.55 0.6375 6.375 

Cl 0.65 0.1625 1.625 U875 0.321875 

C2 2.25 0.5625 5.625 
C3 I. 25 0.3125 3 125 
C4 1 0.25 2.5 

R1 1.15 0.2875 2.875 l. 0375 0. 259375 
R2 I. 25 0.3125 3.125 
R3 0.7 0.175 1.75 
R4 1.05 0.2625 2.625 

F3 
0.625 2.375 0.55 0.183333 ll 0.95 2.5 0.2375 

l2 0.65 0.1625 1.625 
l3 0.6 0.15 1.5 

Cl 0.25 0.0625 0.625 0.3 0.1 

C2 0.5 0.125 1.25 
CJ 0.~5 0.1125 1.125 

R1 1.15 0.2875 2.875 0.55 0.216666 

R2 0.85 0. 2125 2.125 
R3 0.6 0.15 1.5 

F~ 
1.625 0.525 0.208333 Ll 0.65 0.95 0. 1625 0. 2375 

L2 1.1 0.275 2. 75 
l3 0.75 0.1875 1.875 

Root<! mm(g) (ton/hal 
(0-10)cm (10-20)cm(20-30]cm(0-10)cm [10-20)cm(20 - 30 )cm(0-30] F2-l 50.28 2.93 5.71 5.586!08 3.25523 6.34381 6 5 .46012 

I 16.89 6.75 2.26 1.876479 7.49925 2.51086 28.7749 
2 3 4. 21 5.76 3. 4 5 3.800731 6.39936 3.83295 48.23962 
2 46.82 1.52 0. 53 5.201702 1.68872 0.58883 54.29457 3 10.23 2.75 I. 73 1.136553 3.05525 I. 92203 16.3428! 
3 15.85 1.760935 0 0 17.60935 4 64. 13 5.28 2.43 7.124843 5.86608 2.69973 79.81424 
4 16.28 9.85 4 . 14 1.808708 10.94335 4.59954 33.62997 F3-l 10 . 72 0.63 3.78 1.190992 0.69993 4.19958 16.80943 
I 16. 16 2.66 0.-13 1.795376 2.95526 0. 47773 21.38675 
2 6.67 5.9 8.62 0.741037 6.5549 9.57682 23.5-1209 
2 7.44 2.8! 1. 26 0.826584 3. 12191 I. 39986 12.78761 
3 14.35 2.06 1.88 1.594285 2.28866 2.08868 20.32019 
3 16. 13 5. I 1 2.34 I. 792043 5.67721 2.59974 26.19738 

F4-1 5 0.68 12 . 77 0.5555 0.75548 14.18747 20.49795 
I 10.81 17. 29 2.28 1.200991 19.20919 2.53308 33.75218 
2 5 4.38 1. 4 2 0.5555 I. 86618 1.57762 11.9988 
2 3.31 2.47 2.7 0.367741 2.74417 2.9997 9. 12 I 28 
3 5.96 5.94 4 . 4 7 0.662156 6.59934 4.96617 18.18707 
3 6.4 2.5 0. 48 0.71104 2.7775 0.53328 10.42118 FS-1 34.04 2 . 56 0. 46 3.781844 2.84416 0.51106 11.17366 
1 29.32 2.53 2.36 3.257-152 2.81083 2.62196 38.00731 
2 34.8 10. I 5 3. 18 3.86628 11.27665 3.53298 53.H243 
2 41.3 2. 4 8 4.97 4.58843 2.75528 5.52167 54.16125 
3 33. 11 7.67 3.89 3.678521 8.52137 4.32179 19.62837 
3 -12.9 10. 12 1 . 6 2 4.76619 11.21332 1.79982 60.70504 

Average 10 20 30 10 20 30 all 
F2 31.83625 4.355 2.53125 3.537007 4.838405 2 . 8122!8 ~3.02069 
F3 II. 91166 3. 195 3.051666 I. 323386 3. 5 49645 3.390401 20.17390 
F4 6.08 5.543333 .;. 02 0.675488 6.\58643 ·1.46622 \7.37974 
F5 35.91166 5.918333 2.746666 3.989786 6.575268 3.051546 49.52467 

C1 0.75 0.1875 1.875 0.4375 0.145833 
C2 0.4 0. I 1 
CJ 0.6 0. 15 1.5 

l : Lower, 2 : Middle, 3 : Middle in F2 or Upper in F3, F4, FS . 
4 : Upper in F2 . 

R1 0.6 0.15 1.5 0.575 0.191666 

R2 0.95 0.2375 2.375 
R3 0.75 0.1875 1.875 

F5 
3.375 0.5625 0.1875 NT-l l. 35 0.3375 

HT-K 0.6 16.25 0.15 4.0625 1.5 
NT-U 0.3 0.075 0.75 

i-l 0.4 0.1 1 O.H5 0.!58333 
1-l! 0.65 0.1625 1.625 
T-U 0.85 0.2125 2.125 

L:left side, C : Center , R: Right side in fields 
l or L : lower , 2 or M: Middle , 3 or U: Middle 2 in F2 or Upper 
in F3 , F4, FS. 4: Upper in F2 
NT : no-tillage T : tractor tillage 
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Table Root number and the percentage in each layer 

~umber 

F2 
de~th Lower !'hd-1 Mld-2 Upper 
[ 0:.10] 410 291 04 366 
[10-20) 223 185 181 109 
[20-=30) 68 51 124 62 
(30-40) ';8 5 75 55 
[40 < I 15 0 18 7 
[0-20) 633 4';6 615 475 
Total ';94 532 832 599 

F3 
dept~ Lower Middle Upper 
[0-10) 403 H6 306 
I I 0-20 I l7i 254 132 
r zo .:;o 1 109 50 64 
(30-40] 90 36 35 
r~o < J 50 6 19 
(0~201 580 700 4 38 
Total 829 792 556 

F4 
depth Lower Middle Upper 
[ 0-1 OJ 497 263 4 24 
[ 10-201 2H 207 285 
(20-30) 141 41 116 
(30-.:0) 107 19 20 
[ 40 ( I 82 2 0 
[0-20) i41 470 i09 
Total 989 532 845 

(%) 
F2 
depth Lower Mid-! Mid-2 Upper 
(0-101 51.6 54.7 52.2 61. I 
(10-201 28. I 34.8 21.8 18.2 
(20-301 8.6 9.6 14.9 10.4 
(30--lOI 9.8 0.9 9 9.2 
[ 4 0 < ' 1.9 0 2. 1 1.2 I 

[0-201 79.7 89.5 74 79 . 3 
Total 100 100 100 100 

F3 
depth Lower Middle Upper 
[0-101 48.6 56 . 3 60 . 1 
[ l 0-20 J 21.4 32. 1 20 
[20-30) 13.2 6 . 3 16.7 
[30-40) 10.8 4.5 4 . 8 
(40 ( 1 6 0 . 8 1 . 4 
(0-201 70 88 . 4 80. I 
Total 100 100 100 

''4 
depth Lower Middle Upper 
10-10) 50.3 49.4 50.2 
I 10-20 I 24.'; 38.9 33.7 
[20-30 ) 14.3 7.7 13.i 
{30-.;0J 10.8 3.6 2. 4 
(40 ( I 8.3 0 . 4 0 
(0-20} ';4.9 88.3 83.9 
Total 

172 
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