
















































































21

Bulk density

1.9}
188 e . Y=1594-0.115X
° . _
L7 . . r*: -0.624
3 oo
L e T + Sandy soil
e, o andy soil samples
1.5-° o..'o-. oot °© ° 3
-: ° 200 ®° 0% © Clayey SOll Samples
1.4F o ° g8 ©
o o .g.. 00
1.3r T ° o g
. . .
1.2+ * o OOOODO o
o o o]
o 0 @ °
- o i<l
1.1 %% %% &° o o, o
]

1.0t Oo ° o, .
0.91

=

L 1 1 | L I
0 1.0 2.0 3.0 4.0 5.0 6.0

Humus content (%)
* Significant at 1% level

Figure 5. Relationship between Organic Matter Content and Bulk Density

Table 5. Bulk Density in Relation to Organic Matter Content

Organic matter % No. of Bulk density
(air-dried soil basis) samples mean S.D.
less than 0.49 123 1.618 0.215
0.50 — 1.00 123 1.459 0.210
1.01 — 1.99 149 1.373 0.203
2.00 — 3.99 84 1.229 0.168
more than 4.00 6 1.128 0.142

in Table 6. Shaykewich, et al. (71) have observed that organic matter was the soil
component most closely related to the bulk density, next to the clay content, and
fine sand plus silt and that the interaction of clay and organic matter was less
but approximately equally related to the bulk density.

Air-dried fine soils, in other words, disturbed samples, had a lower bulk density
than the undisturbed soil samples almost without any exception. The average
values were 1.109 in the Central Plain, 1.370 in the North-eastern Region, 1.092 in
the Northern Region, and 1.189 in the Southern Region, respectively. The difference
in bulk density between the undisturbed samples and the air dried fine soil samples
may indicate that the paddy soils in Thailand have a tendency to be packed more
compactly under field conditions. Soil compaction was observed more clearly in the
soils where the silt fraction predominated, as seen in Table 6.

When soil particles of uniform size are packed into a definite volume, the bulk
density depends only on the type of packing, regardless of the size of the soil
particles. There are two typical packing systems, the hexagonal (close packing), and
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5)

6)

7)

3.

It is obviously essential to supply organic matter as well as base rich materials and
phosphorus to improve the soil fertility. Crop residues, and green manure crops
should be returned to the soils, because they supply organic matter and increase the
water-holding capacity.
Humic Gley Soils

Although it is possible that a deficiency in minor elements may occur due to the
alkaline reaction, Humic Gley Soils in Thailand appeared to be fertile and could be
classified in the capability class II. As their content in organic matter is
comparatively high, soil reduction may take place, resulting in root damage. Humic
Gley Soils were deep, very fine-textured soils, but the drainage condition was better
than in the other fine-textured soils due to the presence of a well developed
prismatic structure. Many kinds of upland crops can be safely introduced
throughout the year, if irrigation water is available.
Regosols

Since the Regosols are very low in both inherent fertility and available nutrients,
they were grouped in class III or IV. It is considered that their natural fertility is
much lower than that of the Low Humic Gley Soils. As the soils were sandy and
very poor in organic matter, soil reduction did not take place readily. In some places,
high content of salts may hinder normal growth of rice plant. The soils were well
drained to moderately well drained, very deep and coarse-textured. The top soils
were about 15 cm thick, and effective depth of soil usually exceeded 1 meter. The
soils had a high permeability, and were unable to hold much water. Consequently,
the soils were likely to become much dry in the dry season. Both very poor physical
and chemical soil conditions make it difficult for the Regosols to be cultivated with
upland crops. Under intensive management, however, a reasonable level of
production can be expected. Although the yield gradually increased when fertilizers
were applied, much attention should be directed to the construction of irrigation
facilities, to the increase of organic matter content, and the application of soil
improvement materials that contain calcium, magnesium and phosphate.
Grumusols

Grumusols were fertile soils that were grouped in the capability class II.
However, there was a slight risk of minor element deficiency due to the high value
of soil pH. The development of soil reduction was not so strong as to cause root
damage. The soils were poorly drained with a deep fine texture. The soils showed
deep and wide cracks when dry, while the clay swelled to the point of preventing
water from infiltrating soil in the rainy season. As the clay was very sticky and
plastic when moist and very hard when dry, farming practices may become
difficult.

Summary
Marine Alluvial Soils were classified in the capability class II. In general, the inherent

fertility was relatively high and available nutrient contents were also rather high
except for phosphorus and nitrogen. The most severe limitation of the soils seemed to
be the strong reduced condition caused by very poor drainage, resulting in serious root
damage.

Brackish Water Alluvial Soils were classified in the capability class III. The contents

of available nutrients were low, especially phosphorus and nitrogen. Because of the
strongly acidic soil reaction, aluminum, iron and manganese may become toxic and
impair the normal growth of plant. Also phosphorus fixation capacity was very strong.
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Soil reduction was not particularly strong, but there still remained a possibility of root
damage.

Fresh Water Alluvial Soils were classified in the capability class II or III. Low soil
fertility was common in most of the Fresh Water Alluvial Soils. In poorly drained soils,
root damage may occur.

Low Humic Gley Soils were classified in the capability class III or II. Both the
inherent fertility and contents of available nutrients were so low as to limit crop
production. Especially, the soils from the North-eastern Region were extremely
deficient in almost all of the nutrients necessary for normal growth of plant.

Humic Gley Soils were rather fertile soils in Thailand and classified in the capability
class II. Because of the slightly alkaline reaction, there was a possibility that
microelement deficiency may occur.

Regosols were classified in the capability class III or IV. Both the inherent fertility
and contents of available nutrients were extremely low. In some places, high content of
salt may impede normal growth of rice plant.

Grumusols were classified in the capability class II. They were fertile as well as the
Humic Gley Soils, but there was a risk of minor element deficiency due to the high value
of soil pH. .

In general, the improvement of the soil physical properties such as water
permeability, available water-holding capacity, tillage etc., is very difficult and requires
large investments of capital. On the other hand, it is relatively easy to improve the
chemical properties by application of fertilizer and/or soil improvement materials. In
Thailand, heavy rainfall occurring during the wet season and the long duration of high
temperature tend to promote leaching in soils. Soil fertility is always likely to be
decreased. Therefore, much attention should be directed to maintain and to increase
soil fertility. The use of commercial fertilizer alone, however, cannot solve the problem
and liming, green manure application, and some other proper soil and water manage-
ment practices are essential.
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VIII. Summary and Conclusions

Thailand produces approximately 14 million metric tons of paddy annually and has a
surplus of about 1.5 million metric tons of milled rice.

Taking into account the growing population and limited land availability for rice
cultivation in Thailand the country must make its utmost efforts to increase rice
production per unit area. Breeding of new varieties of rice would contribute
significantly to the increase of yield, but it must be pointed out that the high yielding
varieties usually require higher inputs and depend more heavily on soil management
practices than the common local varieties. Therefore, it is essential to understand the
importance of soil fertility and to adopt proper measures for soil management and
improvement in order to increase crop production.

1. Morphological Characteristics of Paddy Soils

Of the total cultivated area, 6.9 million hectares are devoted to rice cultivation. The
soils used for rice cultivation are the Marine Alluvial Soils, Brackish Water Alluvial
Soils, Fresh Water Alluvial Soils and Low Humic Gley Soils. Only sporadically are the
Humic Gley Soils, Regosols, Gray Podzolic Soils, Non-Calcic Brown Soils and
Grumusols being cultivated with paddy rice.

Marine Alluvial Soils are still young soils with an Apg-Cg horizon sequence, which
are derived from marine sediments. The clay contents of the soils were very high
throughout the profile, the soil texture consisting of heavy clay. Brackish Water
Alluvial Soils (Acid Sulfate Soils) are characterized by the presence of a so-called “cat-
clay”’. The morphological characteristics of the Fresh Water Alluvial Soils varied
considerably with the nature of the parent materials, but iron and/or manganese
concretions were commonly found throughout the profile. Low Humic Gley Soils with
an Apg-Bg-Cg horizon sequence are derived from semi-recent alluvium or old alluvium
on semi-recent terraces. Soil color greatly varied ranging from 5YR to 5Y in hue,
reflecting the parent materials. Iron and/or manganese concretions were commonly
observed throughout the profile. Regosols which were widely distributed in the North-
eastern Region were characterized by high amounts of fine sand. The horizon
differentiation of this group was very poor. Grumusols were characterized by black or
dark heavy clay containing chiefly montmorillonite with an Ap-C horizon sequence.

2. Characteristics of the Physical Properties of Paddy Soils

Although the importance of the physical properties of paddy soils for rice growth has
not been properly recognized hitherto, much attention should be directed to the physical
behavior of the soils to increase the agricultural potential of paddy fields.

The Thai paddy soils were grouped into a wide range of textural classes. As a rule,
the soils from the Central Plain consisted of heavy clay. By contrast, most of the soils
from the North-eastern Region were coarse-textured soils except for the soils
distributed along the river. In the Northern Region, silt fraction sometimes
predominated, the soil texture consisting of silty clay or light clay.

Of the three phases, the solid phase accounted for the largest portion regardless of
soil groups or regions. An also, the bulk density was fairly high irrespective of the
textural classes.
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3. Characteristics of the Chemical Properties of Paddy Soils

The majority of the essential nutrients for plant growth are principally supplied by
the soil and the supplying capacity of plant nutrients is closely related to the chemical
properties of the soils such as soil reaction, organic matter contents, cation exchange
capacity, etc.

The values of soil pH were quite different among the soil groups depending upon the
parent materials from which the soils were derived. As a rule, the Marine Alluvial Soils
were slightly acidic in the surface soils, but still remained neutral or slightly alkaline in
the subsoils. Brackish Water Alluvial Soils showed very low pH values. Fresh Water
Alluvial Soils and Low Humic Gley Soils had a wide range of pH values.

Organic matter contents were very low, compared with those in the temperate region,
the average value for the whole country being 2.0%. Although the average value of the
cation exchange capacity of the paddy soils was 14.8 meq/100 g for the whole country,
the values varied considerably depending on the quantity and quality of clay contained.
Of the exchangeable cations, calcium and magnesium predominated in the composition
of the sorption complex. Marine Alluvial Soils were characterized by the predominance
of exchangeable magnesium.

The average values of total nitrogen and available nitrogen were 0.118% and 34.7 ppm
in the Central Plain, 0.023% and 18.2 ppm in the North-eastern Region, 0.133% and 60.7
ppm in the Northern Region, and 0.118% and 44.5 ppm in the Southern Region,
respectively. These figures were very low compared with those in other rice growing
countries. The average values of available phosphorus as P,Os were 16.4 ppm in the
Central Plain, 6.6 ppm in the North-eastern Region, 17.7 ppm in the Northern Region
and 19.8 ppm in the Southern Region respectively. The figures seemed to indicate the
existence of a severe deficiency in these elements resulting in the impairment of rice
growth.

4. Clay Mineralogical Characteristics of Paddy Soils

The clay mineral composition of the Thai paddy soils was, in general, characterized
by the presence of a large amount of 7A minerals. However, some distinctive
characteristics were recognized among the soil groups and regions.

Marine Alluvial Soils had a mineral composition characterized by equal amounts of
7-10-14A minerals. Brackish Water Alluvial Soils had nearly the same composition as
the Marine Alluvial Soils except for the presence of chlorite. The soils distributed along
the Mekong River were characterized by the predominance of mica clay minerals. The
soils from the Southern Region were much more kaolinitic than those from the other
three regions. Grumusols derived from marly sediments were highly montmorillonitic
in their clay mineral composition.

5. Reductive-Oxidative Characteristics of Paddy Soils

Paddy rice cultivation has been commonly performed under flooded conditions.
Flooding of soil resulted in appreciable changes in the soils such as the increase of soil
pH, decrease in redox potential, formation of ferrous iron, ammonia and harmful
substances, etc. The higher the organic matter contents in the soils, the more
progressive the soil reduction. Liming and application of organic materials to the soils
accelerated the development of soil reduction. Intermittent drainage treatment resulted
in the conversion of soils from a reductive state to an oxidative one during the growing
period.
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6. Productive Characteristics of Paddy Soils

Production capability classification of paddy soils was attempted to identify the soil
factors limiting rice production and/or the extent of soil damage.

In the Central Plain, the most severe limitation in the paddy soils appeared to be the
strongly reduced condition caused by very poor drainage. Brackish Water Alluvial Soils
were placed in class III, because of the severe deficiency in available phosphorus and
nitrogen and possible occurrence of iron and aluminum toxicity. Fresh Water Alluvial
Soils were very low in soil fertility, and classified in class II or III. Low Humic Glay
Soils were classified in class III or II, because of the low level of both inherent soil
fertility and available nutrients, especially the soils from the North-eastern Region.

* * * * * *

In conclusion, the soils in the Central Plain had a moderate fertility. In the Central
Plain, rice production was affected largely by the strongly reduced soil condition,
resulting in serious root damage. And also, severe deficiency of phosphorus caused low
rice yield in addition to nitrogen deficiency and possible toxicity of aluminum, iron and
manganese, especially in the area with Brackish Water Alluvial Soils. In the marginal
area of the Central Plain, available nutrients were not sufficient for normal growth of
rice.

The increase in rice yield in the Central Plain, therefore, may be achieved by the
maintenance of a suitable oxidation-reduction state through water management such
as intermittent drainage treatment. However it is very difficult to carry out water
management efficiently, especially in the rice season. It is important in the case of the
Brackish Water Alluvial Soils to enhance the availability of soil phosphorus and to
increase the efficiency of phosphorus fertilizer in order to increase yield.

In the North-eastern Region, the soil fertility was too low to enable the cultivation of
rice, especially in the coarse-textured soils derived from well weathered sand stone.
Analytical data indicated that the soils in this region are characterized by a low pH, low
cation exchange capacity and an extremely low content of available nutrients as well as
organic matter. It is likely that the deficiency in minor elements will become a problem
when rice growth is improved by the introduction of better varieties, the application of
fertilizer with three major elements, and so on. Under such conditions it is very difficult
to increase soil fertility, which could be achieved, however, by continuous application of
organic matter such as farm manure, green manure, rice straw, city compost etc., soil
dreesing, suitable crop rotation including leguminous crops and so forth.

The soils in the Northern Region were relatively fertile as indicated by the average
yield. In fact, chemical analyses showed that the contents of almost all the nutrients
examined were higher in this region than in the other regions. However, continuous
application of organic matter is necessary for improving and maintaining the soil
fertility and productivity.

In the Southern Region, the soils were very complex and their fertility greatly varied
depending upon the parent materials and physiographic position. Undoubtedly the soils
were generally deficient in phosphorus and nitrogen.

Soil is the medium for plant growth and animal life, and a fertile soil is thus the basis
of human prosperity. The importance of soil fertility should be more emphasized.
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