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EXCHANGEABLE CATIONS OF SOME IMPORTANT

SOIL PROFILES OF KERALA*

V. K. VENUGOPAL and MM. KOSHY

College of agriculture, Vellayani, Kerala

Since the discovery of cation exchange in soils, efforts by various
workers have thrown much light on this phenomenon. It is a well established
fact that the content and nature of the exchangeable bases have a profound
bearing on crop growth. In view of the dominant role played by cation ex-
change reactions and exchangeable bases in.soil productivity and plant nutrition,
it is desirable that detailed investigation of soils on the nature and content of
exchangeable cations be taken up, as such studies will be of considerable help
in evolving suitable management practices. The present study was Undertaken
with the object of studying the content and ntaure of exchangeable bases in typical
soil profiles of Kerala and to trace their downward variation.

Materials and Methods

Fourteen soil profiles representing the major soil groups of Kerala were
collected from different parts of the State. The samples were collected in each
case from fixed depths 0-30 cm, 30-60 cm and 60-90 cm. In all 40 soil samples
were collected for the study. The samples were air dried for a period of one
week, gently ground with a wooden mallet and passed through a 2 mm sieve.
The material passing through the sieve was stored in labelled bottles and used
for analysis. The exchangeable cations of the samples were determined by
adopting standard methods as outlined by Piper (1950).

Results and Discussion

The results of analysis are presented in Table 1. In sandy soils (No. 1
to 6) it was found that calcium formed the predominent exchangeable base
followed by magnesium, potassium and sodium. Profile It showed only traces
of exchangeable calcium, magnesium and potassium, while exchangeable sodium
was present in small quantities. Because of the low clay content the nutr ients
added to the soils are immediately leached down as evidenced by the increase
in total exchangeable base with depth. Because of the low cation exchange capa-
city and exchangeable base content, the fertility status of these soils is poor,
Donahue (1958) considered cation exchange capacity as the single index of
fer t i l i ty so that soils with low exchange capacities had correspondingly low fertility.

* fart of inesis approved for M.'Sc. (Ag) degree by the University of Kerala.
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The soils of Kole area are submerged under water during the major part
of the year. Calcium formed the predominant exchangeable base in the surface
layer. Musierowiez et al (1956) working with Warsaw soils observed an increase
in the content of exchangeable calcium with increase in humus and clay. So the
higher content of calcium in these soils can be attributed to the presence of
relatively higher amounts of humus and clay. The higher magnesium content of
the soils may be attributed to the presence of magnesium bearing minerals which
release magnesium on weathering. The increase in magnesium down the profile
is obviously due to leaching. In the case of calcium it is not washed down to
the same extent as magnesium especially in soils containing sufficient organic
matter, where calcium forms calcium humate which is relatively insoluble. This
was observed by Stephenson (1926) working on Oregon soils.

In alluvial soils (Nos. 13 to 15) calcium and magnesium showed an
increase in the sub-surface layers clearly indicating that eluviations of these ions
has taken place. Profile V which is also an alluvial deposit has shown a low
content of exchangeable bases. Lower down the profile it was sand and this is
clearly the reason for the poor content of bases in these soils.

In the laterite profile Nos. VI to VIII calcium formed the predominent,
exchangeable base followed by magnesium. Sodium and potassium were found
only in traces. These observations agree with the results of Menon et al (1957).
In the laterite soils they observed more than 50% of the bases to the calcium
followed by megnesium. Potassium and sodium were found only in traces. In
the present study, of the three profiles examined, profile VII showed accumu-
lation of the bases in the sub-surface layer which may be due to the inten.se
leaching to which these soils are subjected. The increased amounts of magnesium
in profile VI suggests the presence of ferro-magnesium minerals which liberate
magnesium on weathering.

Kari soils are peculiar in that they are submerged and hence show
variation in the content and behaviour of exchangeable bases. In the profiles,
studied (IX and X) calcium constituted the predominent divalent cation. The
range of exchangeable calcium observed in these soils (3.6 to 4.5 m.e/lOOg) is
comparable to the results (1.52 to 7.7 m.e/lOOg) obtained by Kurup (1967). The
low pH of these soils reflect the presence of a high content of hydrogen in
the exchange complex. Magnesium formed the next predominent divalent cation,,
the range observed being (2.2 to 4.18 m.e/lOOg) which is in agreement with the
figures (1.95 — 6.63 m.e/lOOg) reported by Kurup (1967) for Kari soils. Exchan-
geable potassium was found only in relatively small quantities ranging from a
trace to 0.75 m.e/lOOg. Manilla (1955) working with Finnish soils observed only
traces of potassium and sodium in organic soils. In the present investigations the
exchangeable sodium content of the Kari soil was comparatively higher. The
periodical inundations of these soils with sea water which contains sodium and
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magnesium salts explains the presence of these elements in exchangeable form
in these soils. This again is in agreement with the findings of Nambiar (1947)
in rice soils of Kerala.

The dominant cation in the case of black soil is calcium followed by
magnesium, sodium and potassium. The dominance of calcium and magnesium
in calcareous soils have been observed by Das et al. (1946) working with Indian
soils and also Menon et al. (1957) working with the black soils of Tirunelveli
District. In both the profiles in the present study calcium was maximum in
the surface layers, whereas magnesium tended to increase down the profile.
This is in agreement with the findings of Das et al. (1946) in some Indian
soils. The clay content of these soils increases with depth showing thereby that
eluviation has occurred. The variations in the bases especially sodium with
depth as seen from the present study indicate that bases were also leached
down the profile.

As in the cases of most of the soils studied, the forest soils showed
a predominance of calcium and magnesium. The nature and distribution of
the exchangeable base in these soils as revealed by the present study reflects
the intense leaching to which these soils have been subjected to.

The red soils are poor in bases. The occurence of bases decreased in
the order calcium > magnesium > potassium > sodium. This is the same order
as observed by Menon and Mariakulandai (1957) working with red soils of
Tamil Nadu. They observed only traces of exchangeable sodium in these soils.
The present study also gives a low value for exchangeable sodium. The total
bases increase with depth showing the effect of rainfall and resultant leaching
of bases.

Summary

A study was made of the exchangeable cations of forty soil samples
representing fourteen soil profiles of Kerala.

The exchangeable base content of the different soils was generally in
the order calcium > magnesium > potassium > sodium. In the case of kari and
black soils the exchangeable sodium showed a higher content over potassium.
The maximum amounts of exchangeable calcium, magnesium and potassium was
observed in the black soil.

The heighest value of exchangeable hydrogen was observed in the case
of kari soil which also recorded very low values of pH.
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