AN APPROACH TO CLASSIFY SOILS GROWING PADDY

by P. V. ANANTHARAMAN and S. P. RavcrAUDHURL* F.N.I., Division of Soil
Science and Agricultural Chemistry, Indian Agricultural Research
Institute, New Delhi 12

(Received May 15, 1962)

The physical and chemical properties of profile soil samples from rice growing
areas of different States, viz., West Bengal, Mysore (Coorg and Shimoga),
Assam and Kerala, were studied with a view to assess the fertility status of
these soils. On the basis of examination of different factors operating in the
soils as examined on profile basis, a tentative classification of the soils growing
paddy has been made. The soils were classified on the basis of trend of
variations of some important properties of the soils down the profile. The
properties whose variations were considered are: (1) texture, (2) carbon and
nitrogen percentages, (3) total potash, (4) available potash, (5) available phos-
phorus, (6) 8i0,/Al,04 ratio, (7) SiOy/R,0, ratio, and (8) exchangeable calcium
and magnesium. On the above basis, the nine soils were put into two cate-
gories, Category I was further subdivided into (A) and (B). It is recognized
that ultimately the soil classification should be correlated with the classifi-
cation of productivity of eoils as indicated by the yield of paddy per ucre,
assuming that all agronomic operations remain the same, which, however,
seldom holds good. It was observed that category IA soils fell in the major
basic soil region 5 while category IB (Thotapally and Jorhat) fell in
basic soil region 14. The remaining five places, namely Madarihat, Maina-
guri, Hudikeri, Navule and Trivandrum, fell in basic soil region 8. It is
noted that the yield of paddy in all places is imiform except that of Maina-
guri. It is possible to increase the yield of paddy of Mainaguri from 1,500
Ib to 2,100 lb per acre, as obtained in Navule by following the agronomic
practices including manuring and irrigation at that place. Similar con-
sideration also holds good for other locations for a definite basic soil region
which is obtained by integrating the factors of soil formation, namely climate
(rainfall), vegetation, topography and geology.

The rice crop has the distinction of being the most extensively cultivated
crop in the world and being the staple food crop of the largest number of
people.

About 81-3 million acres are under paddy in Indiat and it is by far the
greatest rice producing country in the world. The crop is grown under varied
types of soils—sticky heavy clay to light sandy soils, highly acid to highly
alkali soils—and under dry to swamp conditions. They are grown under
different systems of cultivation and in soils whose origin and nature are not
the same. The yield per acre in each State also varies accordingly. The
following is the average yield per acre of rice of the different States in Indiat:

* Now Senior Specialist (Land Resources), Planning Commission, New Delhi.
+ Taken from ‘Agricultural Situation in India’, August, 1960, issued by the Economic
and Statistical Adviser to the Government of India, Ministry of Food and Agriculture,
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Cleaned rice

Area Yield Yield
(‘000 acres) (’000 tons) (Ib per acre)
West Bengal 10,916 4,172 856
Madras 5,726 3,406 1,332
Bihar 12,354 3,886 705
Orissa 9,560 2,137 501
Uttar Pradesh 10,047 2,370 528
Madhya Pradesh 9,924 3,116 703
Assam 4,226 1,629 864
Kerala 1,885 1,025 1,218
Andhra Pradesh 7,267 . 3,614 1,114
Mysore 2,381 1,289 1,213
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For this study, soil samples were collected from Madarihat and Mainaguri
(West Bengal), Bittangala and Hudikeri (S. Coorg, Mysore), Jorhat (Assam),
Trivandrum and Thotapally (Kerala), and Navule and Gajanur (Shimoga,

Mysore).

These sites were selected 50 as to represent different conditions of rainfall
and soil types. The details regarding the sites from where samples were
collected are given below:

Average
. Annual .
Serial State Locality Site characters rainfall yield of
No. (inches) paddy
{Ib/acres)
1. West Bengal Madarihat Junction of Ramyalara,
Balmore and Gopalpur 128-6 2,000
2. . Mainaguri Unmanured plot on the
eastern side of the Tista 1184 1,500
3. Mysore (S. Coorg)  Bittangala Orange estate, well drained,
plants affected by ‘die-
back’, 105-8 2,600
4. ’ Hudikeri Virgin forest area just
cleared 96-4 2,000
5. Assam Jorhat farm  Alluvial area 83-1 1,900
6. Kerala Trivandrum  Tapioca farm 97-8 1,600
7. " Thotepally  Kari soil 1259 1,750
8. Mysore Navule Five miles north of Shimoga
town on Shimoga-Shikari-
pur road (red soil). 30-2 2,100
9. ’ Gajanur Six miles south-west of
Shimoga town on Shim-
oga-Thithaballi road irri-
gated by channel 339 2,618




182 P. V. ANANTHARAMAN & S. P. RAYCHAUDHURI

The methods of analysis given in A.0.A.C. (1950) and Piper (1947) were
followed. The available P,O; was estimated by Olsen’s method and the
available K;0 by using the Morgans’ reagent and estimating by means of the

Flame Photometer. The hydrogen clay was prepared by adopting the method
of Mukherjee et al. (1942).

REsuLTs AND DISCUSSION

Chemical Properties.—The chemical composition of the soil samples of
the above places except Navule and Gajanur, moisture, pH, total nitrogen,
organic carbon, C/N ratio, total P;05; and K,0, available K,0, total base
exchange capacity and exchangeable Ca, Mg and K and the physical prop-
erties of the above soils such as water-holding capacity, base exchange,
exchange capacity and mechanical composition have already been reported
and discussed (Raychaudhuri and Anantharaman 1960).

The chemical composition of Navule and Gajanur is given in Table I
and their physical properties are given in Table II.

- It will be noted that in both places the soils are neutral in reaction and
there is slight tendency of pH to increase with depth. The Navule surface
soil has a poor N and organic C content while in the case of Gajanur soil the
content is quite high. The organic C content reduces with depth in the case
of Navule.

Phosphoric acid content is medium in the case of Gajanur soil but low
in the case of Navule. In both the cases the K,O content is high. The
P;0; content generally decreases with depth. Decrease of K,O content with
the depth of the profile was noted in case of Navule, but in Gajanur soil the
K,;O content increases in the second layer. .

The average P,0; content appears to be sufficient in Gajanur, while it is
poor in Navule. Average P,0; was found to increase slightly in case of
Navule and Gajanur, but not so in Navule. Increase in availability of K,O
with depth of profile was noted in case of Gajanur. There is an increase in
the content of average K20 in the second layer in the case of Navule. The
base exchange capacity in both the soils is generally observed to decrease
with depth.

The cation exchange capacity of the soils, in general, is observed to
decrease with the depth. The clay isolated from the soils also shows cation
exchange capacity value of 22 m.e./100 g suggesting that the clay fraction is a
mixture of kaolinite and illite but not montmorillonite (vide Table III).

It is also observed that the sum of exchangeable Ca, Mg and K is close
to the base exchange capacity value, indicating that the soils are fairly satu-
rated with bases and the low pH of the acid soil is due to the organic matter
in the soil. This is corroborated by the C/N ratio of the soils (Table I) which
shows that the soil organic matter is quite mature.
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It will be noted that exchangeable Mg is generally more than 50 per cent
of exchangeable Ca. The exchangeable Ca is fairly rich in both the soils
and there is a tendency for exchangeable Ca to decrease in its content with
depth.

There is a tendency for the texture (heaviness) to increase with depth.
The texture of surface soil of Navule and Gajanur are sandy clay loam and
loamy sand respectively.

One of the purposes of the present investigation was an attempt to
classify soils growing paddy on the basis of trend of variations of some
important prdperties of the soils down the soil profile. The properties whose
variations can be considered in this connection are (1) texture, (2) percentages
of C and N, (3) total potash, (4) 8i0,/Al;0; ratios of the clay fraction, (5) Si0,/
R,0; ratios of the clay fraction, and (8) exchangeable calcium and magnesium.
It is recognized that ultimately the soil classification should be correlated
with the classification of productivity of the soils, as detailed by the yield
of paddy per acre, assuming that all agronomic operations remain the same,
which, however, seldom holds good. It is recognized that with the limited
information collected during the course of investigation, it is not possible
to give an exact classification on this basis. However, an attempt has been
made in this direction which reveals certain interesting features. The criterion
which has been taken into consideration for classification of soils on the above
basis has been the trend of variation of the above characteristic properties
of the soil with the depth of soil profiles.

On the basis of each property, the following two classifications have been
attempted :

Classification I: Factor concerned shows increase with increase in the
depth of the soil profile.

Classification 11: Factor concerned decreases with the increase in the
depth of the soil profile.

Table IV indicates the above classification. If we take a broad general-
ization, the soil profiles can be tentatively classified into the following two
categories:

Category I: (1) Gajanur (Mysore), (2) Bittangala (S. Coorg), (3) Thota-
pally (Kerala), and (4) Jorhat (Assam).

Category II: (1) Hudikeri (S. Coorg), (2) Madarihat (W. Bengal), (3)
Mainaguri (W. Bengal), (4) Trivandrum (Kerala), and (5) Navule
(Mysore).

Table V shows the average yield of paddy and also rainfall in inches. The
places are on a broad basis tentatively classified into two following categories.
Among the places shown in Table V only in two places, Navule and Gajanur,
paddy crop is grown under irrigated condition.
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TABLE IV
Propertios Localities
of soil Increase Decrease
1. Texture (heaviness) Madarihat Trivandrum
Bittangala Jorhat
Navule Mainaguri
Gajanur
Hudikeri
Thotapally
2. Carbon and nitrogen Gajanur Madarihat
Thotapally Mainaguri
Bittangala
Hudikeri
Navule
Trivandrum
Jorhat
3. Total potash Gajanur Hudikeri
Thotapally Madarihat
Jorhat Mainaguri
Bittangala Navule
Trivandrum
4. Available potash Hudikeri Madarihat
Navule Mainaguri
Gajanur Bittangala
Thotapally Trivandrum
Jorhat
5. Auvailable P,0, Navule Madarihat
Gajanur Mainaguri
Bittangala
Hudikeri
Trivandrum
Thotapally
Jorhat
6. 8i0y/A1,04 Mainaguri Navule
(of clay fraction) Bittangala Gajanur
Hudikeri Trivandrum
Jorhat Thotapally
7. Bi0y/R04 Mainaguri Bittangala
(of clay fraction) Trivandrum  Navule
Hudikeri Thotapally
Gajanur
Jorhat
8. Exchangeable Navule Madarihat
Ca and Mg Jorhat Mainaguri
Thotapally Bittangala
Hudikeri
Gajanur

Trivandrum
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The locations of these places are shown in the Map of India showing
also the major basic soil regions (Raychaudhuri and Mathur 1954). It will
be noted that the areas Thotapally and Jorhat fall within the major basic
soil region 14, whereas Gajanur and Bittangala fall within the basic soil
region 5. It appears, therefore, that category I is of two sub-categories as
indicated by major basic soil regions and also indicated by yields of paddy
crop in lb per acre for the areas which is quite high in the case of Gajanur
and Bittangala.

TABLE V

Yield in Annual

Classification b per rainfall
acre in inches
Category 1
(@) (1) Gajanur .. 2618 *33:9
(2) Bittangala .. 2,600 1058
(b) (1) Thotapally .. 1,900 125-9
(2) Jorhat .. 1,600 83-1
Category 11
(1) Madarihat .. 2,000 128-6
(2) Mainaguri .. 1,500 118-4
(3) Hudikeri .. 2,000 96-4
(4) Navule .. 2,100 *30-2
(8) Trivandrum .. 1,750 97-8

Similarly, the other five locations Hudikeri, Madarihat, Mainaguri,
Trivandrum and Navule all fell within the main basic soil region 8. It will
be noted that except Mainaguri farm the average yield of paddy in other
places are fairly of the same order. These observations suggest that, by suit-
able agronomic practices, it may be possible to increase the yield of paddy
per acre of Mainaguri farm which is at present 1,500 Ib to 2,100 Ib per acre
ag obtained in Navule by following the agronomic operations including
manuring and irrigation at that place. Similar considerations also hold
good for other locations for a definite basic soil region in respect of improve-
ment of soil productivity.

The conclusions, therefore, can be drawn that it is possible to classify
the paddy soils in respect of soil rating on the basis of the basic soil regions
into which they fall. The importance of basic soil regions, which are obtained
by integrating the factors of soil formation, namely climate (rainfall), vegeta-
tions, topography and geology, has already been emphasized by Sen and

* Irrigated by channels. Only Navule and Gajanur are irrigated.
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Raychaudhuri (1949). It may be interesting to note that the division of
India into major basic soil regions as given by Raychaudhuri and Mathur
(1954) agrees very well with the division of India into physiographic regions by
Shri R. A. Gopalaswami in his Census Report of India, 1951.
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