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As a part of International Cooperative Studies on the Increasing Productivity of
Soils in Tropical Area (1976-1978). chemical properties of paddy soils in Thailand
and Malaysia were studied for the purpose of elucidation of the fundamental char-
acteristics of the soils so as to evaluate soil fertility and to implement advanced
technica l  prac t ices  for  h igher  product ion  of  r ice . Each  severa l  so i l  samples
were  co l lec ted  f rom the  cent ra l ,  nor thern ,  nor theas te rn  and  southern  reg ions  of
Thailand and the western Malaysia. Research in soil chemical analysis has led
to findings which are of great significance to soil fertility. On the basis of analyti-
cal data fertility of the soils were evaluated, and soil series were classified into
the three categories of low, moderate and high fertility according to the inherent
fertility of their surface soils. Soi l s  f rom the  so i l  ser ies  of  low and modera te
fertility have many defective characters which should be ameliorated, such as low
pH, low conten ts  of  ava i lab le  n i t rogen ,  phosphorus  and/or  po tass ium and  h igh
salinity. However, it might be not so troublesome problems to ameliorate these
soils, when the problems of water are resolved.

INTRODUCTION

Rice production in Thailand exceeds the domestic demand. However,
there is a possibility of a deficit of food due to the increase of population at
a high rate of 3.0 percent per year. Rice production for the last decade in-
creased 20 percent, but the increase of yield per unit area is only 2.4 percent
which is the least in tropical Asian countries. The increased production of
outputs for the last decade was largely due to the expansion of cultivated
land, but it should be increased in terms of yield per unit area in the future.
For instance, the 1.8 ton rice yield per hectare is still relatively low as com-
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pared to that of developed countries. This is due to less diffusion of modern
agricultural techniques using fertilizers, and due to the extension of the rela-
tively unproductive lands. It is necessary to increase the soil fertility and to
improve the less productive soils distributed in Thailand.

West Malaysia still imports rice to feed her population. Rice production
for the last decade in this country increased 50 percent, but the increase was
also mainly due to the expansion of cultivated land. Here, the increase of
yield per unit area is also necessary.

To get the basic data to improve the soil fertility in both countries, we
initiated a project to conduct field survey and laboratory work in 1977 and
1978. Clay mineralogy study is presented by Wada  et al. (1981). Here we would
like to present a chemical properties study.

MATERIALS AND METHODS

Soil samples
Field studies and soil sampling were carried out in December 1977 and

1978. These details are described by Wada  et al. (1981) in a separate paper
and description of soil samples are also listed in their paper.

Chemical analyses
Chemical analyses were carried out by the following methods (Black et al.,

1965) :
1. pH

pH was measured in 1 : 2.5 soil-water suspension and 1 : 2.5 soil-N KC1
suspension with a glass electrode pH-meter.

2. Organic carbon
Organic carbon was determined by a dry-combustion method using CN

Corder (Model MT-500 W, Yanagimoto Mfg. Co., Ltd., Japan).
3. Total nitrogen

Total nitrogen was also analyzed by a dry-combustion method using the
CN Corder.

4. Available nitrogen
Mineralized nitrogen was determined after incubation of air-dried soil

samples under submerged condition for 4 weeks at 30°C.
5. Available phosphorus

Available phosphorus was determined by Bray-II method.
6. Cation exchange capacity

Cation exchange capacity was measured by the improved Schollenberger
method.

7. Exchangeable bases
Exchangeable bases were determined in leached solution obtained from

the procedure of measuring CEC by atomic absorption spectrometry.
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RESULTS AND DISCUSSION

The results of chemical properties of surface soils are given in Table 1.
Although the number of samples is not so diverse, classification of soil series
on the basis of the some chemical properties was tentatively carried out to
know the tendency of the properties. Debate was done referring to the works
of Kawaguchi and Kyuma (1969 a, b, 1977) and Motomura et al. (1979).

PH
Table 2 shows the classification of soil series on the basis of pH of the

surface soils listed in Table 1. Soils from Ongkharak and Thanyaburi series
in Bangkok Plain and from Kundor and Guar series in Peninsula region show
the pH less than 4.5. These soils are derived from marine and brackish
water deposits and are acid sulfate soils. The acidity of the above soils is
followed by the soils from Ayutthaya and Bangkhen series in Bangkok Plain.
Soils from Sansai series in Northern Valleys and Roi Et series in Khon Kaen
region show more or less low pH due to their coarse texture and severe weath-
ering and leaching.

All Malaysian soils show the low pH. The following reasons have been
suggested (Kawaguchi and Kyuma, 1969 b) : (1) acidic parent rocks, (2) severe
leaching by heavy rain, and (3) peaty and/or swampy with sediments of brack-
ish environment. Soils from Lop Buri series which is derived from weathered
calcareous materials, shows nearly neutral pH. The pH of the paddy soil
usually increases in submerged conditions and rice plant is tolerant to a rela-
tively low pH. Thus, as far as our investigations of pH values of paddy soils
under cultivation in general of Thailand and Malaysia are concerned, a low
pH value does not seem to be a severe problem.

Organic carbon

It is well known that organic matter becomes decomposable after being
exposed to dry conditions. As the dry season in Thailand is quite remarkable
and the temperature is very high after flooding, organic matter is decomposed
easily. That is one of the reasons why the carbon content in Thai soils is
generally lower than that of Japanese soils. The organic carbon content in
soils from Khon Kaen region is the lowest. This seems to be due to their
coarse texture. Carbon content in soils of Bangkok Plain is rather high, par-
ticularly in acid sulfate soils due to the low decomposition rate of organic
matter under such low pH condition. In Northern Valleys, the carbon content
in soils of Sansai series is lower than that of Phimai series. It also seems to
be due to the difference of their texture. West Malaysian soils show rather
higher content of carbon. One reason is the wet climate throughout the year
and the other is the low decomposition rate of organic matter in acid soil.

Total nitrogen and C/N ratio

Total nitrogen content in soils in each region shows the same tendency
as organic carbon. Accordingly, C/N ratio changes in a narrow range. The
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Table 1. Chemical properties

Region Soil series

I .  N o r t h e r n
Valleys

I I .  Khon Kaen Roi Et

I V .  P e n i n s u l a
a .  S o u t h e a s t

Coast
(Tha i l and)

b .  Middle
W e s t

(Malaysia)

Sansa i

Hangdong-Phimai
Phimai

Ratchaburi

Klaeng
Saraburi
Ongkharak
Thanyabur i

Ayut thaya
Bangkhen
Bangkok

Lop Burii)

Klaeng

Samut Prakan

Hutan
Tua lang-Kundor
Kundor
Guar

Site
No. Textu re

PH 07.

(WX (KW (%I
T L - 1
T L - 2
T L - 4
T L - 3
T L - 5
T L - 6

T L - 8
T L - 9
TL-7

T L-25
T L-12
T L-29
T L-10
T L - 1 3
T L-21
T L-22
T L - 2 3
T L-24
T L-27

T L - 3 1
T L - 3 2
T L-30

ML-13
ML-11
ML-14
M L - 1 5

E
SkL
LiC
H C

z:
LiC

SL
LiC

:zi
Sic

::

::
H C

LiC

z

::
H C
LiC

4. 50 3.95 0. 60
5. 35 4.30 0.73
5. 20 4. 43 0. 46
5. 22 3. 77 0.94
5.88 4. 82 1.61
5. 35 4.13 1. 47

5.53 3.82 0.44
4. 80 3. 90 0.28
5. 50 4. 00 0. 78

4.56 3.93 0.78
5. 77 4. 60 0.97
4.27 3.61 3.01
4. 00 3. 28 1.68
4.84 4.05 1.06
5. 02 4. 21 1. 68
5.12 4. 48 2.39
5. 08 4.19 1.45
5. 70 4.98 2.37
6.84 5. 65 1.49

4.89 4.12
4.32 3.88
5.80 4.80

4.42 3.51
4.45 3.75
4. 28 3.59
3.89 3.44

0. 89
0. 72
2.27

2.71
2.07
3.28
4.06

1) Soil sample description of TL-27 is not shown in separate paper written by Wada
Lop Buri series ; and Farmer’s field.

Table 2. Soil series classified according to the pH value of surface soils.

PH(H&) 1 Soil series (Region)

<4.5  / Ongkha rak ,  Thanyabur i  ( I I I ) ,  Hutan, Tualang-Kundor, Kundor, Guar (IV)

4. 5-5.5 Sansai,  Hangdong-Phimai (I),  Roi Et (II),  Klaeng, Ayutthaya, Bangkhen.
Bangkok (III) ,  KIaeng  (IV)

>5.5  1 Phimai (I) ,  Ratchaburi (II) ,  Saraburi,  Lop Buri (III) ,  Samut Prakan (IV)

nitrogen content in soils of Bangkok Plain and West Malaysia is rather higher
than that of other regions. This tendency is attributable to the same rea-
sons previously explained for the case of organic carbon in both regions.

Available nitrogen
Available nitrogen is particularly important in Southeast Asia, where the

amount of fertilizer applied is rather low. However, the amount of NHa-N
mineralized during 4 weeks in the soils of this area is remarkably lower than
that of Japan. This is due to the low content of organic matter in these
soils.
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of surface soils.

Total
N

(%)

0.038
0.056
0.041
0.082
0.143
0.150

0.043
0.025
0.070

0.060
0.092
0.223
0.190
0.012
0.149
0.260
0.139
0.192
0.058
0.073
0.064
0.158
0.250
0.213
0.213
0.313

C /N

15.8
13.0
11.2
11.5
11.3
9.8

10.2
11.2
11.1

13.0
10.5
13. 5

1i.i
11:3

1::
12:3
25.8
12.1
11.3
14.4
10.8
9.7

15.4
13.0

NH,-N Avail.
mineralized P,G5

C E C  _ _ _ _ _ _
Na

(mg/lOO  g) (%) (mg/lOO  g) (me DO0 g)

1.66
4.88
1.93
5. 18
9.29
5.29
3.00
2. ia
2. a4

3.44
3.68
1. 79
3.16
3.21
7.73

11.23
1. 57
5.37
4.52
2. 52
2.84
6.84
a. 88
9.22
6.92
1. 76

et al. (1981). Location soil series; management are Kao-sam-yod. Muang, Lop Buri;

4.37 28.80 2.03
8.71 0. 64 3.98
4. 71 0.34 1.78
6.32 2.24 12.95
6.50 0.21 10.27
3.53 1.28 18.62

6.98 0.96 5.18
8.72 0.30 3.05
4.06 1. 12 15.54
5.73 2.27
4.00 0.88
0. 57 2.80
1.66 0. 72
3. 15 0.48
5. 19 3.56
4.40 3.90
1. 13 1. 67
2.79 2.60
7.79 1. 58
3.45 1.82
4.43 1.92
4.33 2.60
3.55 1. a3 11.50
4.33 4.64 10.40
3.25 2. a3 17.22
0.56 5. 19 13.88

9. 77
19.62
19.42
25.50
19.02
15.78
20.86
21.52
20.25
32.97
4.16
2.56

20.27

0.04
0.12
0.08
0.08
0.21
0.13

0.14
1. 10
0.26

1. 47
0.34
1.21
1. 46
0. 94
0.35
1.21
2. 15
2.27
0.59
0. 13
0.15
1.51
0.57
0.12
0.55
0.18

Exchangeable
K Ca

(me/100 g soil)

0.03 0.96 0. 10
0.05 2.56 0.61
0.04 1.88 0.32
0. 13 6. 07 1.24
0.28 10.66 2.22
0.51 10.60 1. 61

0.04 1. 53 0. 44
0.08 7.84 1.30
0.30 7.66 2.48

0.41 5.68 4.69
0.23 10.75 3.14
0.33 1. 68 3.12
0.53 7.45 6.90
0.53 9. 18 4.74
0.37 il. 08 4.38
0.77 13.73 8.90
0. 90 a. a2 12.81
0. a3 5.11 9.95
0.27 36.66 4.56
0. 05 3. 12 0.25
0.07 0.97 0. 39
0. 42 9.04 13.44
0.15 3.77 2.05
0.06 2.40 5.51
0.21 6.86 1.53
0. 28 1.00 0.59

Mg

Table 3. Soil series classified according to the available nitrogen miner-
alized in surface soils under anaerobic condition.

Mineralized\

r$I//Zg  j
Soil series (Region)

<5
Sansai (I), Roi Et. Ratchaburi (II), Klaeng. Saraburi, Ongkharak,
Thanyaburi, Bangkok (III), Klaeng, Guar (IV)

5-10

>lO

Hangdong-Phimai. Phimai (I), Ayutthaya, Lop Buri (III), Samut Prakan,
Hutan. Tualang-Kundor. Kundor (IV)
Bangkhen (III)

Table 3 shows the classification of soil series on the basis of the content
of available nitrogen in surface soils. Phimai series in Northern Valleys,
Bangkhen series in Bangkok Plain and Hutan,  Tualang-Kundor and Kundor
series in Peninsula region show the relatively high available nitrogen.

In a series of experiments conducted by Kai et al. (1979) to study nitrogen
behaviour in Thai paddy soils, it was found that the mineralization of native
soil nitrogen correlated very well with the absorption of nitrogen by the rice
plants. This relation reflects a good index of the nitrogen supplying power
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of Thai paddy soils.

Available phosphorus

All samples show the low content of available phosphorus except TL-1,
which is an exceptional case, and which might have been due to the fact
that the soil was heavily dressed with phosphate fertilizer in the previous
seasons.

Table 4 shows the classification of soil series on the basis of the content
of available phosphorus in surface soils. Less than 2 mg/lOO  g soil of available
P,Os are measured in Sansai and Phimai series in Northern Valleys, Roi Et
and Ratchaburi series in Khon Kaen region, Saraburi, Thanyaburi and Lop
Buri series in Bangkok Plain, and Klaeng and Hutan  series in Peninsula re-
gion. Application of phosphate fertilizer is essential to increase the rice
production in these areas.

Table 4. Soil series classified according to the content of available phos-
phorus in surface soils.

Available
P*O, Soil series (Region)

mg/lOO  g

<2
Sansa i ,  Ph ima i  ( I ) ,  Ro i  E t ,  Ra tchabur i  ( I I ) ,  Sa rabur i .  Thanyabur i .
Lop Buri (III),  Klaeng. Hutan (IV)

2-10

>lO

Hangdong-Phimai  ( I ) ,  Klaeng ,  Ongkharak ,  Ayut thaya ,  Bangkhen .
Bangkok (III) ,  Samut Prakan. Tualang-Kundor,  Kundor,  Guar (IV)

Sansaii) ( I )

1) Exceptional case.

Table 5. Soil series classified according to the CEC of surface soils.

C E C
me /103 g

Soil series (Region)

<6 Sansai (I),  Roi Et (II),  Klaeng (IV)

6-20 Hangdong-Phimai,  Phimai (I),  Ratchaburi (II),  Klaeng, Saraburi,  Ongkharak,
Ayutthaya (III),  Hutan, Tualang-Kundor, Kundor, Guar (IV)

>20 Thanyaburi,  Bangkhen, Bangkok, Lop Buri (III) ,  Samut Prakan (IV)

Cation exchange capacity
Cation exchange capacity (CEC) is one of the soil characters which well

reflect the inherent soil fertility. Table 5 shows the classification of soil series
on the basis of the magnitude of CEC of surface soils. Soils of Sansai series
in Northern Valleys show the CEC less than 4 me/lOOg soil and those of
Hangdong-Phimai and Phimai series in the same region show the moderate
CEC reflecting the soil texture. Soils of Roi Et series show lower CEC but
that of Ratchaburi series shows rather high CEC, in Khon Kaen region.

Acid sulfate soils and those related soils such as Ongkharak, Thanyaburi,
Ayutthaya and Bangkhen in Bangkok Plain are fine texture which show rather
high CEC. The soil from Lop Buri series is calcareous Grumusol and also
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shows heavy clay texture and very high CEC. In Peninsula region in Thai-
land, soils of Klaeng series show low CEC but those of Samut Prakan series
show higher CEC reflecting the soil texture. Soils in the middle west coast
of Malaysia are generally fine texture and show moderate C E C .

Exchangeable Ca and Mg
Table 6 shows the classification of soil series on the basis of the content

of exchangeable Ca in surface soils. As TL-9 of Roi Et series is affected by
salt bed, exchangeable Ca and Mg are extremely high. The soil from Lop
Buri series is calcareous Grumusol and exchangeable Ca is very high in these
soils. However, exchangeable Ca and Mg in other regions are generally low
except for the soils in Bangkok Plain. Soils of Bangkok Plain which are ma-
rine clay origin show high exchangeable Mg.

Table 6. Soil series classified according to the content of exchangeable
Ca in surface soils.

Ext. -Ca
me /lOO  g Soil series (Region)

<3. 5 Sansai (I), Roi Et (II), Ongkharak (III), Klaeng, Tualang-Kundor.
Guar (IV)

3.5-7 Hangdong-Phimai (I), Klaeng, Bangkok (III), Hutan.  Kundor (IV)

>7
Phimai (I), Roi Et”, Ratchaburi (II), Saraburi, Thanyaburi, Ayutthaya,
Bangkhen, Lop Buri (III), Samut Prakan (IV)

I) Saline soil.

Table 7. Soil series classified according to the content of exchangeable
K in surface soils.

_
Ext. -K
me /lo0  g Soil series (Region)

<o. 15 Sansai, Hangdong-Phimai (I), Roi Et (II), Klaeng, Tualang-Kundor (IV)
0.15-O. 3 Saraburi, Lop Buri (III), Hutan, Kundor, Guar (IV)

>o. 3 Phimai (I), Ratchaburi (II), Klaeng, Ongkharak, Thanyaburi. Ayutthaya,
Bangkhen, Bangkok (III), Samut Prakan (IV)

Exchangeable Na and K
Table 7 shows the classification of soil series on the basis of the content

of exchangeable K in the surface soils. Soils from Sansai and Hangdong-
Phimai series in Northern Valleys, Roi Et series in Khon Kaen region and
Klaeng and Tualang-Kundor series in Peninsula are deficient in potassium.
This can be explained by two reasons. One is their relatively coarse texture,
low CEC and the other is leaching under the wet condition throughout the
year in Peninsula regions.

However, soils from other series show generally higher content of potas-
sium than Japanese soils. Especially soils derived from marine clay have a
high sodium and potassium contents. High available K in Ayutthaya, Bang-
khen and Bangkok series and low K in Klaeng, Tualang-Kundor series may be
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explained by the content of mica in the soils as Wada  et al. (1981) has sug-
gested in a separate paper.

Evaluation of the fertility of soils

Table 8 shows the classification of soil series on the basis of inherent
soil fertility which is tentatively proposed from the data mentioned above.

When the problems of water are excluded, soils from Phimai series in
Northern Valleys, Bangkhen and Ayutthaya series in Bangkok Plain and Samut
Prakan series in Peninsula are very fertile and less problem soils.

Adversely, soils from Sansai series in Northern Valleys, Roi Et series in
Khon Kaen region and Tualang-Kundor, Guar and Klaeng series in Peninsula
have many defective characters which should be ameliorated. However, as
Takahashi et al. (1979) described, it is not a troublesome problem to amelio-
rate these soils. For instance, yields from Kuan Gut (TL-31) and Pattani
(TL-32) in Klaeng series were increased from 2.0 t/ha to 3.6 t/ha and from
1.5 t/ha to 4.0 t/ha respectively, by supplying N, P, K fertilizers. Soils from
Rangsit  (TL-10) and Khlong Luang (TL-13) in Thanyaburi series are amelio-
rated by supplying 10 t/ha of lime and 25 kg P,Os/ha. Especially, rice yield of
Rangsit  Rice Experiment Station (TL-10) where soil is of less problem with
the exception of pH and phosphorus condition, was increased from 2.0 t/ha to
4.9 t/ha after supplying lime and N, P, K fertilizers.

Table 8. Soil series classified according to the inherent fertility of surface
soils.

Fer t i l i ty Soil series (Region)

Low j Sansai (I).  Roi Et (II),  Klaeng, Tualang-Kundor. Guar (IV)

Modera te Hangdong-Phimai (I),  Ratchaburi (II),  Klaeng, Saraburi,  Ongkharak,
Thanyaburi,  Bangkok, Lop Buri (III) ,  Hutan (IV)

High / Phimai (I),  Ayutthaya, Bangkhen (III),  Samut Prakan (IV)
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