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The clay mineralogical analysis of some Indian soils growing tobacco has
been made by chemical and X-ray diffraction studies. The results are
discussed in the light of parent material and the climatic conditions prevailing
in the different regions. The chemical and mineralogical data indicate the
presence of

(i) kaolinite and illite with traces of nontronite in red soils of Mandya
District (Mysore);

(ii) montmorillonite with small quantities of illite in black soils of
Guntur District (Andhra Pradesh);

(iii) montmorillonite and illite in alluvial soils of Kaira Distriet (Gujerat);
and

(iv) illite with small quantities of chlorite and kaolinite in the alluvial
soils of Cooch Behar (West Bengal).

INTRODUCTION

The present investigation was carried out to study the clay minerals
present in some of the Indian soils growing tobacco, collected from four dif-
ferent States, i.e. Mysore, Andhra Pradesh, Gujerat and West Bengal. The
clay mineralogy of soils would indicate to what extent the climate facilitates
the weathering of different parent rocks. While each of the above soils is
concentrated in a particular area and varies widely in structure, fertility and
the type of tobacco grown on it, no precise information is available on the
variation of the fertility status, profile characteristics and nature of the
subsoil. The fertility of the soil and its physical and chemical properties, to
a large extent, depend on the nature of minerals present in the clay fraction.
A knowledge of clay mineral composition is essential for understanding the
behaviour of soils towards fertilization, irrigation and other practices (Hen-
dricks and Alexander 1957).

Brief description of the soil profiles from which the soil samples were
collected is given below:

Region I—Mandya District (Mysore) : Three soil profiles have been collected,
one (Dalvaikodahalli) from a transitional area where the soil changes from
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red to black in the Mallavalli talug. The top soil which is brownish red is
formed by the transportation of the red soil from nearby areas and being
mixed up in part with the black soil formed in that locality. The parent
rocks of the area are gneisses and granitic gneisses with the intrusion of schis-
tose rocks. The rainfall is about 75-85 cm and the temperature varies during
the year from 27° to 37° C.

Region. II—GQuntur District (Andhra Pradesh) : Soil samples from seven soil
profiles have been collected. The soils vary in colour from dark grey to black.
The parent rocks of the district consist of sandstones, shales, slates and lime-
stones with associated basic intrusives. The average rainfall is about 85 cm
distributed over 76 days. The weather is cool and pleasant from November
to February and the nights are heavily dewy. Summer is hot, the maximum
temperature being 45° C and the minimum being 10° C during cold weather.

Region III—Kaira District (Gujerat) . Two soil profiles have been collected
and the parent material represents the old alluvium. The annual rainfall is
about 65 cm and the temperature varies from 38° to 28° C.

Region IV—Cooch Behar District (West Bengal) : The parent rock material
represents new alluvium from which two soil profiles have been collected.
This area receives heavy rainfall of about 275 c¢m distributed over 113 days.
The annual temperature varies from 35° to 25° C.

METHODS OF ANALYSIS

The clay fractions of the soils ware separated by the segregation procedure
described by Jackson ef al. (1949). The X-ray powder diffraction photographs
were taken on a Phillips sealed X-ray tube (Type PW 1910) using Ni filtered
Cu K, radigtion. The samples were pd?vdered well in mortar and rolled into
cylindrical rods of diameter 0-3 mm by mixing the sample with a little
quantity of gum acacia. \

Cation exchange capacity of the clay samples was determined by leaching
with neutral normal ammonium acetate and then estimating the ammonium
by distilling with freshly ignited magnesium oxide after removing excess
-ammonia with neutral ammonia-free alcohol.

Fusion analysis was carried out by mixing & known weight of the material
with five times its weight of sodium carbonate and fusing in a platinum
crucible (Bear 1956). Silica was removed and weighed as 8i0, after ignition
(Piper 1950). Calcium was estimated . volumetrically after precipitating as
caleium oxalate. Magnesium was determined by the method of A.0.A.C.
(1950), iron by the procedure of Vogel (1959), potassinm by flame photometer
after suitable dilution, titanium oxide colorimetrically as described by Bear
(1956) and aluminipm oxide by deduction.
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REesuurs

The results of the chemical analysis along with the SiO, : Al;04 ratios of
the clays of the surface soils, profilewise, are tabulated in Table I. It can
be seen from the table that the clays from black soils of Andhra Pradesh and
from alluvial soils of Gujerat are low in sesquioxides and high in silica content.
The clays from Mysore soils have high percentage of iron oxides.

The mineralogical content of the clay fractions of the soils along with
their cation exchange capacity are given in Table II and are enumerated
regionwise in the following paras. (The mineralogical content of the clay
fractions of the soils at different depths of the same profile does not change
even quantitatively and hence the mineralogical data are not shown in the
table depthwise). ]

' TaspLE 1T

C.E.C. values and maneralogical data of clay fractions

Cation Minerals present in percentage*
. exchange
Region capacity ¢ .. Montmo- . .
m.e./100 g Kaolinite rillonite Tllite Chlorite
Red soils, Mandya District (Mysore)
Dalvaikodahalli Village - 42-70 10 20 70 -
Chikkayelchigure Village - 25-29 20 10 70 —
Chikkamalgodu Village .. 3324 30 10 60 -
Black soils, Guntur District (Andhra Pradesh)
Agric. Res. Station Farm, Lam .. 88-50 - 80 20 —
C.T.R.I. Farm, Guntur .. 83-64 — 80 20 -—
Motadeka Village .. ‘e 68-53 - 70 30 -
Kearlapudi Village .. .- 81.25 - 80 20 -
Nidumukkala Village .. 91-68 — - 80 20 —
Tadikonda Village .. - 91-24 - 80 20 -
Neeru Konda Village - 96-24 —_ 80 20 _
0ld alluvivm, Kaira District (Gujerat)
Anand A RI Farm .. .. 58-89 — 50 50 -
Lambhvel .. .. 53-32 - . 50 50 -
Recent alluvium, Cooch Behar District {West Bengal)
Okrabari Village - .. 24-65 20 - 60 20
Dinhatta Research Station .. 212 20 - 60 20

* The approximate quantitative estimation of the minerals present has been done by com-
paring the visual intensities of the characteristic reflections of the different minerals present
(with an accuracy of £5%).

Mysore red soils—The X-ray patterns show a medium strong reflection
at 10 A, indicating the presence of illite. The patterns also contain a weak
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14 A band which does not respond to glycerol treatment and may be due to
non-expanding montmorillonite. This was shown to be due to the presence
of nontronite, a montmorillonoid, in these clays (Krishna Murti and Deb 1962).
The patterns further contain a reflection at 7 A, the intensity being very
weak, weak and medium in the soils from Dalvaikodahalli, Chikkayelchigure
and Chikkamalgodu respectively, which disappears on heating the clay to
600° C for 1 h, indicating the presence of kaolinite.

Black sotls of Guntur District (Andhra Pradesh).—The X-ray patterns of
these clays show a strong diffused band at 14-10 f&, which on treatment with
glycerol partly shifted to 17 A, showing a high percentage of montmorillonite,
leaving a faint micaceous line at 10 A indicating low percentage of illite.

Alluvial soils of Kaira District (Gujerat).—The X-ray patterns show a
medium strong reflection at 14 A, which on treatment with glycerol shifted to
17 A, and a medium reflection at 10 A. So montmorillonite and illite are
dominant minerals.

Alluvial soils of West Bengal.—The X-ray patterns show a weak but sharp
14 A reflection, which neither responds to glycerol treatment nor collapses to
lower spacing when heated to 500° C, and a weak 7 A reflection, which dis-
appears on heating the sample to 600° C for 1 h. The patterns also show a
reflection at 10 A of medium intensity, indicating that illite is dominant
with small quantities of kaolinite and chlorite.

Discussion

The chemical analysis along with the mineralogical data is discussed
regionwise in the following paras.

Mysore soils—The low silica : alumina ratios (2:55 to 3-14) and the
mineralogical evidence show that the clays are mixtures of kaolinite and
illite with traces of montmorillonite. As is to be expected the c.e.c. of
the clays varies from 25-3 to 42-7 m.e./100 g. The mineralogical evidence
suggests that the soils are formed from fresh or slightly weathered granites
and gneisses. The parent material appears to have played a dominant role
in the development of these soils under free drainage conditions. The calcium
and” magnesium content of the soils is in fairly large amounts, providing an
ionic environment rich in alkaline earth and alkali cations, indicating the
presence of montmorillonite and illite. The kaolinite mineral present in
these soils might have originated by the process of montmorillonite giving
rise to kaolinite under acidic conditions to some extent. Dalvaikodahalli
soil is low in kaolinite than the other two soils, and also the Mg content of
this soil is higher than the other two soils.

Blaek soils of Andhra Pradesh.—The high caleium and magnesium can be
explained due to the basic nature of the parent material from which they are
derived. The abundance of calcium in the weathering zone appears to be
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the sine gua non for the formation of black soils. The cation exchange capaci-
ties of the clay fractions vary from 68-53 to 96-24 m.e./100 g and the ‘clays
are siliceous as shown by high silica : alumina ratios, which vary between
3:37 and 5-00. The MgO content is quite high and the K;O content is above
1-5 per cent. The chemical and mineralogical analysis indicate the domi-
nance of montmorillonite with some illite. Similar findings have been re-
ported earlier by Tamhane (1950), Roy and Das (1952) and Sinha (1957).
According to Grim (1953) potassium leads to the formation of illite, mag-
nesium to the formation of montmorillonite and caléium probably to the
formation of montmorillonite with an added tendency to blodk the formation
of kaolinite. The formation of montmorillonite in these soils can be ex-
plained due to the basic nature of parent material rich in magnesium and
calcium and the soils are less subjected to leaching of Ca and Mg due to in-
sufficient rainfall. A

Alluvial soils of Gujerat—The gilica : alumina ratios are as high as 3-94
and 4-25 with potash content as 2-25 and 2-14 per cent. The c.e.c. of the
clay fractions are 58-69 and 53-32 m.e./100 g. The soils are alluvial in origin
and are less subjected to leaching as the area receives scanty rainfall. The
exchange complex contains large quantities of galcium and magnesium and
the reaction of the soils is in the alkaline range (Anjaneyulu 1961). The soils
are rich in potash minerals, providing potassium on weathering which is
essential for the formation of micaceous mineral. These data point to the
dominance of montmorillonite and illite which is confirmed by the X-ray
data.

Alluvial soils of West Bengal.—The clay fractions have low c.e.c. values
(24-66 and 21-12 m.e.[100 g) and silica : alumina ratios are 2-5 and below.
The potash and magnesium content of the samples are above 4-0 per cent.
The parent material is recent alluvium rich in potash and magnesium minerals
(Anjaneyulu 1961). The X-ray analysis indicate the presence of degraded
illite with traces of kaolinite and chlorite. The high potash content sheds
considerable light to confirm the presence of illite. The high magnesium
content and the presence of chlorites in the heavy fraction of fine sand confirm
the presence of chlorite in the clays. The presence of illite in alluvial soils is
reported by many workers (Adhikari 1957; Kanwar 1059, 1961; Holmes and
Hearn 1942). ,
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