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 This study examined the contributions of organic matter (OM), clay and silt to the 
effective cation exchange capacity (ECEC) of soils of different land use history, in 

order to determine the influence of land use on the contributions of the various fractions 

to the ECEC of the soils. The land use types examined were sole cassava (C), sole 
pigeon pea (P), mixed cropping of cassava and pigeon pea (C + P), natural fallow land 

(FA) and forestland (FO). The results showed that in FA and FO, the OM fraction 

contributed  more to the ECEC compared to the other fractions. The contribution of 
clay was more visible in the legume-based cropping systems, while that of silt was 

more pronounced in C. The average contribution of OM to ECEC was 54%, while that 

of silt and clay were 26% and 20%, respectively. Thus the OM fraction gave better 
predictions of ECEC than the particle size fractions in an Alfisol of southeastern 

Nigeria. The low contribution of clay to ECEC recorded in this study may be due to 

low activity clay dominant in the clay mineralogy of the soil. 
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INTRODUCTION 

 

Cation exchange capacity (CEC) is an important 

soil property which serves as a measure of the 

fertility status of the soil. It is usually determined 

analytically using the 2-step technique which 

involves determination of CEC before and after 

organic matter (OM) destruction (Kamprath and 

Welch, 1962). The major problems associated with 

this method include variations in the rate of OM 

oxidation in soils, dehydration of clay minerals 

during OM oxidation and possible destruction of 

clay-OM complexes (Kamprath and Welch, 1962; 

DeSilva and Toth, 1964; Drake and Motto, 1982). 

These problems lead to inconsistencies in values of 

CEC obtained in the laboratory. Thus, most 

researchers have used multiple regression analysis to 

predict the CEC of soils (Drake and Motto, 1982; 

Asadu and Akamigbo, 1990; Asadu et al., 1997; 

Peinemann et al., 2000). 

Multiple regression analysis estimates CEC from 

accessory soil properties. This method of CEC 

determination works on the principle that CEC of 

soil depends on the type and amount of clay and OM, 

because most negative charges that give rise to CEC 

come from the dissociation of carboxyl groups in 

OM molecules and both permanent and variable 

charges on clay minerals (Russell, 1977; Parfitt et al., 

1995). Studies have shown that CEC of soils can also 

be found on the silt and sand fractions (Barticevic et 

al., 1976; Asadu et al., 1997). Caravaca et al. (1999) 

reported that determining the CEC of organo-mineral 

particle size fractions is important because they serve 

as a bridge between the soil and plant. 

Although multiple regression analysis allows for 

the CEC of the soil to be estimated without 

alterations of clay and OM fractions, variability in 

clay mineralogy and absolute CEC of clay and OM 

are problems associated with this technique (Martel  

et al., 1978). In order to overcome this problem, soils 

are usually partitioned into homogenous units such as 

mineralogy, geographical units and classification 

(Drake and Motto, 1982). Most studies on estimation 

of CEC have partitioned soils into different climate, 

geomorphology, soil horizon or soil order in order to 

improve the predictability of the regression method 

(Martel et al., 1978; Drake and Motto, 1982; 

Montecillo, 1983; Asadu and Akamigbo, 1990; 

Asadu et al., 1997).  

Studies that partition soils into land use types are 

scarce in literature, hence little is known about the 

influence of land use on CEC predictions from 

different soil fractions. Therefore, this study 

examined the contributions of OM, clay and silt to 

the effective CEC (ECEC) of soils of 5 different land 

use types with a view of determining the influence of 

land use on the contributions of OM and the particle 

size fractions to ECEC of soils. 
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MATERIALS AND METHODS 

 

The data used in this study were collected from 

Nsukka, located within latitude 6
o
52

'
3

"
N and 

longitude 7
o
23

'
2

"
E. Detailed description of the study 

area have already been reported (Asadu et al., 2013). 

The cultivated land use types sampled include sole 

cassava (Manihot esculenta Crantz) (C), sole pigeon 

pea (Cajanus cajan) (P) and mixed cropping of 

cassava and pigeon pea (C + P). These lands were 

continuously cultivated with the crops for 7 years. 

Other land use types sampled were a natural fallow 

land (FA) monitored for 10 years (after continuous 

cultivation of the above mentioned crops for 7 years) 

and a natural forestland (FO) undisturbed for at least 

100 years but monitored for only 5 years. The fallow 

land was dominated by Siam weed (Chromolaena 

odorata), Guinea grass (Panicum maximum) and 

Elephant grass (Pennisetum purpureum). Some 

economic trees found in the forestland include Oil 

bean (Pentaclethra macrophylla), Bamboo (Bambusa  

vulgaris), African mango (Sphenostylis stenocarpa) 

and Oil palm (Elaeis guineensis). Some other species 

of shrubs and climbers are sparsely distributed in the 

forest. 

Soil samples were collected from 3 random 

locations from each land use type during each year. 

These samples were air-dried, gently crushed and 

sieved with a 2 mm mesh prior to analysis. The 

ECEC values were obtained by summation of base-

forming (total exchangeable bases) and acid-forming 

(total exchangeable acidity) cations (Peech et al., 

1947). Organic carbon content was determined by 

the modified Walkey-Black method (Peech et al., 

1947). Values of OM were computed by multiplying 

the organic carbon values by the factor 1.724. 

Particle size distribution was carried out by the 

hydrometer method (Day, 1965). 

The statistical analysis was done using Statistical 

Analyses System (SAS) software. Regression 

analysis was carried out using the model described 

by Zar (1974) as follows: 

 

y = a + b1(x1) + b2(x2) + b3(x3)                            (1)   

  

where:  

y  = ECEC which is the dependent variable 

x1 = percent OM 

x2 = percent clay 

x3 = percent silt   

a = intercept/regression constant which is the   

ECEC not contributed by x1, x2, x3 

b1, b2, b3 = partial regression coefficients which 

expresses the absolute ECEC values of x1, x2 and 

x3, respectively 

 

The relative contributions of OM, clay and silt 

were calculated individually from the regression 

equation using the mean values of the variables as 

follows: 

X (%) = 100bX ̅̄̄̅̄̄             (2) 

  Y  - a 

where:  

X = relative contribution of OM, clay or silt 

X ̅̄̄̅̄̄  = mean value of OM, clay or silt 

Y  = mean value of ECEC 

a = intercept/regression constant 

b = partial regression coefficient which is 

specific for each independent variable (OM, clay 

or silt) 

 

Where the relative contribution of any 

independent variable was negative, it was assumed 

that the ECEC was contributed solely by those 

variables with positive values. Hence the 

contribution of the variable with negative value was 

shared among those with positive values in 

proportion to the magnitudes of their coefficients. 

This makes the sum of the relative contribution in 

each case to be 100%. The variables with negative 

values are reported, though they were not used for 

the computation. Two-tailed t-test procedure was 

used to test the statistical significance of the partial 

regression coefficients. 

 

Results: 

Table 1 shows a summary of ECEC, OM, clay 

and silt contents of soils from the different land use 

types. The values were generally low in all the land 

use types. The lowest mean value for ECEC was 

obtained from C + P plots, while FO had the highest 

mean ECEC value, even though the highest 

individual value for ECEC (10.71 cmolc/kg) was 

recorded in  FA. Variability in ECEC in the lands 

under continuous cultivation (i.e. C, P, and C + P) 

was similar, while variability in the FO and FA land 

use type differed from that of the cultivated lands, 

with FO having the lowest variability. 

The land used for sole pigeon pea production (P) 

gave the highest mean value of OM, while that used 

for sole cassava production (C) had the lowest OM 

content. The range of values for OM indicates that 

both the highest and lowest individual values of OM 

were obtained from the land used for mixed crop 

production (C + P). Variability in OM content for the 

various land use types was generally below 20%; 

however, only the C + P land had a variability that 

was slightly over 20%. 

The mean values for clay content of the various 

land use types were between 20 and 30%. The 

forestland had the highest clay content, while plots 

grown to sole cassava had the lowest clay content. 

The maximum and minimum individual values of 

clay content were equally obtained from C. 

Variability in clay content across the land use types 

ranged from 15% in the FO to about 40% in C. 

The forestland (FO) had the highest mean value 

for silt, while C had the lowest value. However, the 

C + P plots had both the maximum and minimum 

individual values for silt. Silt showed the greatest 
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variability among the four parameters measured. The 

CV values for silt were > 50% in the lands used for 

continuous cultivation. However, a CV value as low 

as 9% was recorded in FO.  

Simple correlation analysis between ECEC and 

OM showed that ECEC correlated positively with 

OM for all the land use types except in FO (Table 2). 

The positive relations observed between these 2 

parameters were weak and not significant. 

Conversely, negative correlations were recorded 

between ECEC and clay except in the land used for 

sole pigeon pea production (P). None of the 

correlation between clay and ECEC was significant. 

These correlations were equally weak except in FO 

with a moderate correlation coefficient. Positive 

correlations between ECEC and silt were observed 

for all the land use types. These correlations were 

strong and significant for C and C + P. A significant 

moderate correlation (positive) was equally observed 

when all samples from the various land use types 

were considered as a single group. 

Table 3 shows the results of regression analysis 

for evaluating the contributions of OM, clay and silt 

to ECEC in the various land use types. The 

regression equation for plots grown to sole cassava 

indicates that the partial regression coefficient for 

clay has a negative value, hence the negative relative 

contribution of clay to ECEC. Negative regression 

coefficients for OM, clay and silt were equally 

recorded for FO. However, these parameters 

contributed positively to the ECEC of the soil 

because of the larger regression constant (and lower 

mean ECEC) used in computing these values. The t-

values for the regression coefficients indicate that the 

coefficients were not significant for OM and clay in 

all the land use types. They were equally not 

significant for silt in all the land use types except in 

C + P. A significant t-value was also recorded when 

all samples from the various land use types were 

grouped together. 

Coefficient of determination (R
2
) for FO and C + 

P were quite high (> 90% and > 80%, respectively), 

however these values were not significant. R
2
 values 

for the other 3 locations were equally not significant, 

even though they were not as high as those for C + P 

and FO. A significant R
2 

value (p < 0.01) was 

recorded when all samples from the 5 different land 

use types were considered a single unit. 

Relative contribution of OM to ECEC was 

greater than that of clay and silt for C, FA and FO. It 

ranged from about 60% in C to 83% in FA. When 

compared to OM and silt, clay contributed more to 

the ECEC (> 40%) for P and C + P land use types. 

The contribution of silt to ECEC was greater than 

that of OM for the C + P land use type. It was 

equally greater than that of clay for FO. From the 

regression equations, the ECEC values for OM were 

the highest and ranged from 83 cmolc/kg in C + P to 

227 cmolc/kg in C. The ECEC of clay was the lowest 

and ranged from 1 cmolc/kg in FO to 20 cmolc/kg in 

P and C + P. Those for silt ranged from 6 cmolc/kg in 

FA to 56 cmolc/kg in C + P. 

 
Table 1: Range, mean and coefficient of variation (CV) of ECEC, organic matter (OM), clay and silt 

Lan

d 

use 

No

. 

of 
sa

mp

les 

-------------------------------Range--------------------- ---------------------Mean-------------- ----------------CV (%)------- 

ECEC 

(cmolc/kg) 

OM (%) Clay (%) Silt (%) ECEC 

(cmolc

/kg) 

OM 

(%) 

Clay 

(%) 

Silt 

(%) 

ECE

C 

O

M 

Cla

y 

Silt 

C 7 2.39 -9.50 2.25-

3.24 

10.64-

37.00 

2.70-

10.00 

6.69 2.63 23.17 5.71 37 16 39 52 

P 7 2.54-8.80 2.34-

3.62 

16.64-

35.00 

2.70-

12.00 

6.96 3.02 25.99 6.06 33 15 24 61 

C + 

P 

7 2.39-7.80 1.98-

3.70 

14.64-

35.00 

2.00-

12.00 

6.41 2.91 23.83 7.06 35 22 31 61 

FA 10 7.10-10.71 2.39-
2.95 

14.00-
30.14 

4.73-
10.70 

8.90 2.68 23.88 7.13 12 07 20 31 

FO 5 8.93-9.60 2.47-

3.02 

21.20-

31.92 

8.00-

10.00 

9.20 2.73 28.01 8.66 03 08 15 09 

ALL 36 2.39-10.71 1.98-
3.70 

10.64-
37.00 

2.00-
12.00 

7.65 2.79 24.71 6.84 28 15 26 45 

C: sole cassava, P: sole pigeon pea, C + P: mixed cropping of cassava and pigeon pea, FA: natural fallow land, FO: forestland, ALL: all 

samples.  

  

Table 2: Simple correlations between ECEC, organic matter (OM), clay and silt 

Land use OM Clay Silt 

C 0.150 -0.450 0.741* 

P 0.279 0.154 0.427 

C + P 0.475 -0.042 0.724* 

FA 0.293 -0.068 0.188 

FO -0.842* -0.617 0.216 

ALL 0.140 -0.062 0.566* 

*: significant at 0.05 probability level. C: sole cassava, P: sole pigeon pea, C + P: mixed cropping of cassava and pigeon pea, FA: natural 

fallow land, FO: forestland, ALL: all samples.  
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Table 3: Regression equations, coefficient of determination (R2), relative contributions of organic matter (OM), clay and silt to ECEC of 

soils and t-values for testing the significance of partial regression coefficients 

 

Land  
Use 

 

Regression equation 

 

R2 
(%) 

 

Relative contributions 
(%) 

Test of significance for 

partial regression coefficient 

OM Clay Silt tom tclay tsilt 

C ECEC = 0.44 + 2.27OM – 0.10Clay + 0.45Silt 63 59 (-37) 41 0.82 -0.62 1.15 

P ECEC = -4.73 + 1.43OM + 0.20Clay + 0.37Silt 41 37 44 19 0.58 1.04 1.15 

C + P ECEC = -4.63 + 0.83OM + 0.20Clay + 0.56Silt 85 22 43 35 1.04 2.27 3.58* 

FA ECEC = 3.33 + 1.72OM +0.02Clay + 0.06Silt 10 83 09 08 0.68 0.22 0.31 

FO ECEC = 14.52 – 1.32OM – 0.01Clay – 0.18Silt 97 67 05 28 -3.22 -0.37 -1.46 

ALL ECEC = 2.76 + 0.08 OM + 0.07Clay + 0.45Silt 35** 05 35 60 0.10 1.26 4.04** 

*: significant at 0.05 probability level, **: significant at 0.01 probability level. C: sole cassava, P: sole pigeon pea, C + P: mixed cropping of 

cassava and pigeon pea, FA: natural fallow land, FO: forestland, ALL: all samples. 
 

Discussion: 

The low ECEC values recorded across the land 

use types is typical of highly weathered soils of the 

tropics (Young, 1976; Asadu, 1990). However, the 

ECEC was lower in the cultivated lands than in the 

forest and fallow land. This is probably because 

continuous cultivation leads to a decline in soil 

nutrients (Bell et al., 1995). The legume-based 

cropping systems (P and C + P) had the highest mean 

OM content compared to other land use types. 

Legumes are generally considered to be builders of 

soil OM (Snapp and Grandy, 2011). 

The positive correlation between ECEC and OM 

corresponds to that of other studies and shows the 

importance of OM in determining the cation 

exchange capacity (CEC) of most soils in the tropics 

(Asadu and Akamigbo, 1990; Parfitt et al., 1995; 

Asadu et al., 1997). The lower CV values obtained 

for OM compared to other parameters may have also 

influenced its contribution to ECEC. The strength of 

the relationships as well as the lack of statistical 

significance in this relationship may have been 

because of the small sample size. Significant 

negative correlation between ECEC and OM 

observed in FO is somewhat strange; however 

Montecillo (1983) recorded similar relationship 

between CEC and OM and thus argued that the 

contribution of OM to the CEC of soils depends on 

the degree of decomposition of OM as well as on the 

amount of OM present in the soil. Kamprath and 

Welch (1962) were of the opinion that the source of 

OM may also influence its contribution to CEC of 

soils. 

The presence of weak and negative correlations 

between clay and ECEC indicate that clay was not as 

important as OM and silt in determining the ECEC of 

the soil. This result conforms to that of some other 

studies (Syer et al., 1970; Wright and Foss, 1972). 

Several reasons have been given for the low/negative 

contribution of clay to OM. Diversity in clay 

mineralogy and possible presence of phyllosilicates 

in coarse soil fractions are major factors that has 

been attributed of this low/negative relationship 

(Curtin and Smillie, 1976; Martel et al., 1978). 

Blocking of negative charges on clay particles by 

OM may also contribute to lower contribution of clay 

to CEC (Wilding and Rutledge, 1966; Syer et al., 

1970; Peinemann et al., 2000). This last reason is 

likely to apply in the soils studied, as the dominant 

clay mineral in the soil (Alfisol) is known to be 

kaolinite (Asadu, 1990). 

The correlation between silt and ECEC was 

better than that between ECEC and other parameters 

(OM and clay). This positive relationship was more 

pronounced in the land use type which had cassava 

either as a sole crop or as a crop mixture. Clay 

coatings on coarser soil particles have been shown to 

contribute to the positive relationship between silt 

and CEC (Morràs, 1995; Turpault, et al. 1996). 

Furthermore, the blocking of negative charges on 

clay particles via the formation of clay-OM 

complexes common in the presence of smectite clays 

(Kobo and Fujisawa, 1963) tend to reduce the 

exchange sites of both OM and clay and thus 

increases the CEC of silt. It is also possible that the 

formation of these clay-OM complexes may have 

been more common with increased tillage operation, 

hence the significant positive relationship (between 

silt and ECEC) and the greater contribution of silt to 

ECEC in the cassava-based cropping systems. 

Although the correlation between silt and ECEC 

was better than that between OM and ECEC for 

almost all the land use types, the results of regression 

analysis indicate that the average relative 

contribution of OM to the ECEC (54%) across the 

different land use types was greater than that of silt 

(26%) and that of clay (20%). This highlights the 

important role played by OM in the maintenance of 

the fertility status of tropical soils (Asadu and 

Akamigbo, 1990; Asadu et al., 1997). Further, even 

though the legume-based cropping systems had 

higher mean OM content than the uncultivated lands 

(FO and FA), contributions of OM to ECEC in the 

uncultivated lands were higher than contributions of 

OM to ECEC in the legume-based systems. This may 

have been because zero tillage common in natural 

fallow lands and forestlands result in greater 

retention of soil OM compared to cropping systems 

that involve tillage operations (Kern and Johnson, 

1993; Paustian et al., 1997). 

The absence of statistical significance in the R
2
 

values for the land use types (even though some of 

the values were very high) may have been due to the 

small sample sizes of the land use types. This is 
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because when all the samples were considered as one 

unit, the R
2
 value of 35% (which was far less than 

that of some land use types) became highly 

significant. The small sample size may have also 

affected other results in this research and hence is 

considered to be a major limitation in this study. 

In general, the contributions of OM to ECEC 

was more visible in FO and FA, that of clay was 

more pronounced in the legume-based cropping 

system, while that of silt was more visible in the 

cassava-based land use types especially in that with 

sole cassava. This finding is consistent with that of 

some other studies (Leinweber et al., 1993; 

Caravacaet al., 1999) which showed that differences 

in land use types influence the distribution of CEC in 

OM and particle size fractions of soils. 

 

Conclusion: 

The contributions of OM, clay and silt to the 

ECEC of soils varied across the different land use 

types. OM contributed more to the ECEC of soils 

from uncultivated lands while the particle size 

fractions contributed more to the ECEC of soils from 

most of land use types under cultivation. In general, 

although silt had better correlation with ECEC 

compared to OM and clay, OM had the highest CEC 

values compared to the particle size fractions. The 

CEC values of clay were quite low compared to that 

of silt and OM in this study. Negative correlations 

between clay and ECEC were equally recorded. 

Variations in clay mineralogy, possible blocking of 

negative charges on clay by OM and clay coatings on 

the surface of silt-sized fractions are factors that may 

have contributed to the lower contribution of 

clay/higher contribution of silt to ECEC. 
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