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Abstract 
Cation exchange capacity (CEC) and exchangeable cations of a set of Indonesian and Australian soils 
were estimated using a single extraction method with a mixture of 0.01M AgOAc + 0.01M NH4OAc 
solution.  The results were compared with those obtained by extracting with neutral N NH4OAc, the 
compulsive exchange method using a mixture of 0.1M BaCl2 + 0.1M NH4Cl and a single extraction 
method using a dilute 0.01M silver thiourea solution. The neutral 1N NH4OAc method gave the highest 
and AgTU method gave the lowest CEC values, with: NH4OAc > AgOAc > BaCl2 > AgTU. There was 
a strong linear relationship between extractant pH and measured CEC.  In contrast with the NH4OAc 
method, which overestimated the CEC of the soils due to its highly buffered pH, BaCl2 and AgTU 
methods underestimated the CEC due to decreased pH.  The pH of the supernatant solution in the 
proposed 0.01M AgOAc + 0.01M NH4OAc method remained close to the soil pH values, and thus was 
likely to have estimated the natural CEC of the soils.  The rapid one extraction step of this method is 
readily adapted for routine analysis. 
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Introduction 
Cation exchange capacity is a fundamental property of soils which has a profound effect on nutrient 
availability to plants and nutrient cycling. It has been well established that the CEC of soils which are 
dominated by variable charge minerals is dependent upon the conditions under which it is measured. 
These include solution properties such as pH, ionic strength and valency of the counter ion (Van Raij 
and Peech, 1972; Gallez et al. 1976).  Methods of CEC measurement which approximate field 
conditions are more likely to estimate the natural capacity of the soils to retain cations.  To better 
simulate field conditions, Gillman (1979) proposed an unbuffered 0.1M BaCl2 solution for displacing 
cations and measuring CEC of highly weathered soils.  Pleysier and Juo (1980) also recommended a 
much lower salt concentration by using dilute (0.01M) silver-thiourea solution.  Whilst these methods 
attempt to simulate soil solution properties in the field by employing low salt concentration solutions, 
the relationship between the cation exchange and its concomitant hydrolysis reaction and the estimation 
of CEC of highly weathered soils has not been adequately evaluated. 

Hydrolysis of aluminium (Al) is a very important molecular phenomenon in acid soils with Al as the 
predominant cation.  Perhaps the most well-known effect of Al hydrolysis is lowering the soil pH when 
measured from a salt extract, compared to when measured in water.  Delta pH values obtained from the 
difference between soil pH in water and in 1N KCl have been related to soil charge, but were found not 
to be related to the hydrolysis of displaced aluminium ions. However, early studies showed that 
aluminium hydrolysis was responsible for the low pH and the neutralisation or buffering capacity of 
solution containing Al3+ ions (Schofield and Taylor, 1955).  Since then, many investigators have 
reported the importance of aluminium hydrolysis and its significant contribution to soil acidity. 
Hydrolysis of non-exchangeable Fe or Al has been observed with the addition of salt to sesquioxide-
coated interlayered minerals, resulting in an increase in H+ ion concentration of the solution and lower 
pH (Coleman et al. 1964).  Extensive hydrolysis of nonexchangeable Al during extraction of soils with 
neutral unbuffered salts has also been reported by Kissel et al. (1971). Later studies by Lee et al. (1985) 
observed a release of Al following ion exchange, and this was attributed to the collapse of kaolinitic 
clay resulting in the lower pH values.   

Although much work has been done on the significant contribution of hydrolysis to soil acidity, much 
less is known about its effect on the measurement of CEC of highly weathered soils.  In previous work, 
it was found that hydrolysis reactions have a significant effect on the estimation of soil CEC.  It is thus 
postulated that the more aluminium hydrolysis that occurs during CEC measurement, the lower the pH 
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of the supernatant solution, thus leading to lower estimation of CEC. This study was undertaken to 
investigate this phenomenon. 

Methods 
Twenty-four Indonesian and 18 tropical Australian soil samples from both surface and subsoil layers 
were used in this study.  The wide geographical distribution of the samples and the use of surface and 
subsoil layers was intended to permit a rigorous test of the range of CEC procedures.  Soil samples were 
air dried and passed through a 2 mm sieve.  All analyses were conducted in duplicate.  Original soil pH 
was measured in a 1:1 water extract. Exchangeable basic cations extracted during CEC measurement 
were measured using ICP-AES.  CEC and exchangeable basic cation extractions were made using the 
following methods. 

1. Extraction with 0.1M BaCl2+0.1M NH4Cl (Gillman, 1979; Gillman and Sumpter 1986).
(BaCl2)

2. Extraction with 0.01M Ag-thiourea (Pleysier and Juo, 1980). (AgTU)
3. Extraction with neutral 1N NH4OAc adjusted to pH 7.0. (Black, 1967). (AgOAc)
4. Extraction with 0.01M AgOAc + 0.01M NH4OAc. (AgOAc)

In this latter method, 5 g of soil was extracted by shaking with 30 ml of 0.01M AgOAc+0.01M NH4OAc 
for 2 hours on a horizontal shaker, and the supernatant centrifuged prior to pH measurement.  
Exchangeable basic cations were determined using ICP AES. In this and the other methods exchange 
acidity of the soil extract was determined by titrating with standardised 0.02N NaOH.  Sum of 
exchangeable basic cations and the exchange acidity was taken as the CEC of the soil. 

Results and Discussion 
There were marked differences in the supernatant pH between the extractants and these differences 
persisted across the range of initial soil pH values (Figure 1). The difference between the initial soil pH 
and that of the solution after extraction varied considerably depending on the extract used (Figure 2). 
Values for AgOAc, BaCl2, and AgTU varied considerably from the initial value (range +2.5 to -2.5). 
On the other hand, the range for AgOAc was smaller and was only +/- 0.8 of the initial soil pH. In 
general, the neutral 1N NH4OAc method gave the highest CEC values and the AgTU method gave the 
lowest, with the following order: NH4OAc > AgOAc > BaCl2 > AgTu.   

Figure 1. pH of the extractant supernatant after shaking compared to the original soil pH. 

These differences in extractant pH resulted in considerable differences in estimated CEC, with a strong 
linear correlation between the two (Figure 3). 
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Figure 2. Differential between original soil pH         Figure 3. Relation between estimated 
              and final extractant pH  CEC and average pH of the 4    

extractants used       

The highest supernatant pH values were recorded with the NH4OAc method, which were close to neutral 
for all soils.  Due to the highly buffered nature (at pH 7.0) of the extracting solution, once the soil was 
bathed in this solution its pH increased, which means increasing its negative charge, thus resulting in 
an overestimation of CEC of the soil.  The high pH of this extracting solution, together with its high 
ionic strength, have previously been reported to cause overestimation the CEC of variable charge soils 
(Juo 1977; Gillman, 1979). 

The BaCl2 and AgTU methods, on the other hand, likely underestimated the true CEC of the soils. 
Supernatant pH values obtained with these two methods were much lower than the natural pH values 
of the soil.  Considering the relatively high original pH values of the BaCl2 and AgTU extracting 
solutions, 4.98 and 5.50 respectively, the low supernatant pH values measured in this study were likely 
reaction products between the soil and extracting solution.  An increase in H+ ion concentration, which 
decreased soil solution pH, has been reported due to replacement of non-exchangeable soil Al and Fe 
ions (Clark 1964).  Furthermore, the replaced Al and Fe is likely to have been hydrolysed and the 
hydrolysis products re-adsorbed, causing increased hydrolysis (Ragland and Coleman, 1960; Veith, 
1977).  The very high affinity and effective exchange property of the silver-thiourea complex ion 
(Pleysier and Cremers, 1975) may have contributed to the much lower supernatant pH values obtained 
with AgTU method than those with BaCl2 method. The AgTU method gave the lowest supernatant pH 
values, all below 4.0, a decrease of about 0.8 to 1.6 pH unit from the natural soil pH.  Measurements of 
exchangeable acidity showed that appreciably more H+ was titratable from AgTU extracts than from 
BaCl2 extracts, indicating that more intense hydrolysis had occurred during extraction. 

Conclusion 
Despite the effort of current methods for CEC measurement to approximate soil field conditions, 
including using a low concentration of index cations, washing and equilibrating, or adjusting the ionic 
concentration of the soil solution (Gillman, 1979; Gillman and Sumpter, 1986), these attempts may 
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have limited value since the first phase of ion exchange does not take place under conditions similar to 
natural field conditions. 

The proposed AgOAc/NH4OAc method gave supernatant pH values nearest to natural soil pH compared 
with the other methods.  Estimation of CEC using this method, therefore, is considered to be nearest to 
the natural CEC of the soil.  Combined with its simplicity and a single extraction procedure, this method 
is rapid, and thus it is advisable for routine analysis. 
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