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ABSTRACT

Simple and multiple regression analyses was used to examine the
relationships between cation exchange capacity (CEC) and organic matter,
and clay content of 40 surface Philippine soils to determine the

coniributions of organic matter and clay to CEC.

CEC was significantly correlated to organic matter (r = 0.512**) and
clay (r = 0.580**) contents. Multiple regression analysis showed that
on average organic matter and clay Fractioné contributed 37.6 and 62.4%
respectively to the CEC of the soils. It was also found that 60% variation
in CEC could be solely attributed to the variation in organic matter and

clay contents together.

INTRODUCTION

In past research two approaches have been followed to estimate

the relative contributions of organic matter and clay content to CEC of
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soils in different regions. Earlier researchers attempted to separate the
effects of organic matter and clay fractions by oxidising soil organic
matter by hydrogen peroxide treatment or ignition2’7’11’13, The loss in
CEC following oxidation of organic fractions was attributed to the

organic matter content of soils. This approach has problems in that
during the oxidation treatment the extent to which organic matter is
oxidised varies from soil to soil and it also results in dehydration of
the soil clay minerals which later affect in precisely determining the

contributions of these fractions to the ﬁiC?

In sttempts to resolve these problems many researchers have used
regression analyses to find out the contributions of organic matter and
clay fractions to CEC of soi185’6’8’14’15. This approach has advantages
in that the contributions of organic and clay fractions is examined in
soil samples without any alterations or artifacts. However, this approach

suffers from the defect that it ignores the contributions of sand and

silt fractions to the CEC of soilss.

Relatively less is known about the relative contributions of organie
and clay fractions to CEC of tropical soils. The objective of this preli-
minary study was to investigate whether the CEC of some Philippine soils
could be predicted precisely from organic matter and clay contents, and to
determine the relative contributions of these fractions te the CEC using

multiple regression analysis.

MATERIALS AND METHODS

The 40 soils used in the study were surface (0-15 cm) samples
collected from important rice growing parts of the Philippines. Priar to

analysis they were air dried and ground to pass through a 2 mm sieve.
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TABLE 1

Range and means of some characteristics of the 40 soils used

Characteristic Range Mean
PH (121 H,0) 3.5 - 7.9 5.6
Organic matter (%) 1.08 - 4.30 3.06
Clay (% 5 =74 39.6
CEC (m.e./100g so0il) 7.0 - 50.8 32.2
12

Organic C was determined by the method of Walkley and Black “ and the
values were converted to organic matter by multiplying the organic C values
with a factor of 1.72. CEC was determinied by the method described by

Chapman3 gsing neutral, normal ammonium acetate, and clay content was

determined by the hydrometer method&o

The soils used had a wide range in pH (3.5 to 7.9) clay (5 to 74%),
organic matter (1.08 to 4.30%) and CEC (7.0 to 50.8 m& /100 g soil)

(Table 1). {ther characteristics of the soils were described earlier9’1U.

Simple and multiple regression analyses was done to examine the
relationships between CEC and organic matter'and clay content. By using
the partisl regression ceefficient values and the mean content of organic
matter, clay and CEC the relative contributions of these fractions to

CEC was calculated.

RESULTS AND DISCUSSION

Simple regression analysis showed (Table 2) that organic
matter and clay content of the soils were significantly correlated

with CEC. However, only 33.6 and 26.2% of the variation in CEC was
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TABLE 2

Simple correlations between CEC and organic matter and clay contents

of soils
Parameter compared Correlation coefficient
(r)
*¥
CEC wvs Clay 0.580
* ¥
CEC vs O0Organic matter 0.512

**, Significant at the 1% level.

accounted for by the variation in CEC was accounted for by the

variation in clay and organic matter content respectively.

Multiple regression analysis indicated that 60% of the
variation in the CEC could be accounted for by the variation in organic
matter and clay content together and can be represented by the

following regression equation:

CEC = 7.98 + 3.00 (Organic matter) + 0.38 (Clay)

From the partial correlation coefficients and the average contents

of organic matter, clay and CEC of the soils, the relative contributions
of these fractions to CEC were calculated. It was indicated that the
relative contributions of organic matter and clay to CEC were 37.6 and

62.4% respectively (Table 3).

In a detailed study with 49 New Jersey soil series Drake and
Mottésfound that 59% of the variation in CEC could be accounted for the
variation in organic matter and clay content which is similar to the
prabability of prediction obtained (60%) in the present study. They

also found that the relative contribution of clay and organic matter to
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TABLE 3

Relative contributions of organic matter (0.M.) and clay to the CEC

of soils as determined by multiple regression analysis

Mean CEC Mean O.M, Mean Clay dRelative contribution, %
{m.e./100 g) {%) (%) 0.M. Clay

32.2 3.03 39.6 37.6 62.4
®Calculated from the regression eguation: CEC = 7.98 + 3.00 (0.M.) +

0.38 (Clay).

CEC was 7C.5 and 29.5% respectively. The soils had mean contents of
1.0% organic matter, 14.8% clay and 10.1 m.e./100g CEC. However, with
sandy soils in New Zealand, Syers'gg_gﬂj found that the clay fraction

of the soils contributed very little to the CEC of the soils. The soils

varied in clay content from 0.1 to 14.3% with a mean value of 1.4%.

In summary, the results of this study indicate that 60% of the
variation in the CEC of these soils ;ay be accounted for by organic matter
and clay content together. These results also show that clay and
organic matter in these soils on the average contributed 62.4 and 37.6%

-

respectively to the CEC.

ACKNOWLEDGEMENTS

I am thankful to the International Rice Research Institute (IRRI), Los
Banos, Philippines for financial support and to Dr. F.N. Ponnamperuma
Principal Soil Chemist, IRRI for encouragement and valuable suggestions.
Mr. C.D. Ramaiah's help in statistical analysis of the data is also

appreciated.



808

g.

10.

11.

12.

13.

14.

SAHRAWAT

REFERENCES

Present address: International Craps Research Institute for the
Semi-Arid Tropics (ICRISAT), ICRISAT Patancheru P.0O.,
A.P. 502324, India.

Bartlett, J.D., R.¥. Ruble and R.P. Thomas. 1937. The influence
of hydrogen peroxide treatments on the exchange capacity of
Maryland soils. Soil Sci. 44: 123-138.

Chapman, H.D. 1965. Cation-exchange capacity. In Agronomy 9,
Methods of Soil Analysis (C.A. Black, Ed.), pp. 891-901.
Am. Soc. Agron., Madison, Wisconsin. '

Day, P.R. 1965. Hydrometer method of particle size analysis. In
Agronomy 9, Methods of Soil Analysis (C.A. Black, Ed.),
pp. 562-566. Am. Soc. Agron., Madison, Wisconsin.

Drake, E.H. and H.L. Motto. 1982. An analysis of the effect of
clay and organic matter content on the cation exchange
capacity of New Jersey soils. Soil Sci. 133: 2Z81-288.

Hallsworth, E.G. and G.K. Wilkinéin. 1958. The contribution of
clay and organic matter to the cation-exchange capacity of the
soil. J. Agriec. Sci. 51: 1-3.

Kamprath, E.J. and C.D. Welsh. 1962. Retention and cation-
exchange properties of organic matter in Coastal Plain Scils.
Soil Sci. Soc. Am. Proc. 26: 263-265.

Miller, W.F. 1970. Inter-regional predictability of cation-
exchange capacity by multiple regression. Plant Soil
33: 721-725.

Sahrawat, K.L. 1979, Ammonium fixation in some tropical rice
soils. Commun. Soil Sci. Plant Anal. 10: 1015-1023.

Sahrawat, K.L. 1982. Assay of nitrogen supplying capacity of
tropical rice soils. Plant Soil 65: 111-121.

Syers, J.K., A.S. Campbell and T.W. Walker. 1970. Contribution
of organic carbon and clay to cation exchange capacity in a
chronoseguence of sandy soils. Plant Soil 33:104-112.

Walkley, A. and I.A. Black. 1934. An examim=tion of the
Degtjareff method for determining soil organic matter and a
proposed modification ¢f the chromic acid titration method.
Soil Sci. 37: 29-38.

Williams, P. 1932. The contribution of clay and organic matter
to the base-exchange capacity of seils. J. Agric. Sci.
22:845-851.

Wright, W.R. and J.E. Foss. 1%72. C(Contribution of clay and organic
matter to cation-exchange capacity of Maryland soils. Soil
Sci. Soc. Am. Proc. 36: 115-118.



ORGARIC MATTER AND CLAY TO CEC 809

15. Yuan, T.L., N. Gammon Jr. and R.G. Leighty. 1967. Helative
contribution of organic and clay fractions to cation-exchange
capacity of sandy soils from several soil groups. Soil 3ci.
104: 123-128.



