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I. Introduction 

In general, all crops must have enough supplies of all elements throughout the growing season. The amount of 
nutrients which are available in soil solution should ideally stay at optimum levels in order to be ready to 
compensate for the nutrients which are up taken by plants during growth stages. However, the availability of 
nutrients in soil solution is not only dependent on the concentration of ions in soil solution but also on the 
capacity of a soil to maintain the ion concentration and the ability of soil to buffer its nutrient concentration 
(Holford, 1997).  More accurate prediction of the effective availability of KP

+
P to plants can be achieved by 

incorporating estimates of its buffer characteristics into a soil test program (Nair et al., 1997). The relationship 
between quantity (Q) and intensity (I) has been defined as buffer power. This relationship is usually used to 
estimate the supply of potassium from soil to crops and defines the soil’s K P

+
P buffering capacity (Beckett, 1964a; 

Kumar et al., 2007). The Q / I parameters provide important information to understand the availability of 
potassium in the soil, and also can provide valuable indications for potassium fertilisation requirements 
(Mohsen, 2007). Q refers to K in soil solids and I indicate K P

+
P concentration in soil solution (Hoang et al., 2009). 

Many researchers have used quantity and intensity parameters for predicting potassium demand in soils (Sparks 
and Jardine, 1981; Evangelou and Blevins, 1988). Figure 1 describes the typical relationship between Quantity / 
Intensity in diagrammatic form. The Y-axis refers to the total amount of K in soil solids. A positive value of Δ K 
means some of the K added has fixed on to the soil (adsorption), whilst negative values mean K is released from 
soil to solution (desorption). The X-axis refers to the amount of K P

+
P in soil solution (Holzmueller et al., 2007; 

Hoang et al., 2009). Fig 1 shows the relationship between Δ K and the K activity ratio (AR)R Rwhere; 

AR =   K ReqR / ([Ca] ReqR+ [Mg] ReqR)R RP

½ 

and 

Δ K = ([K]R 0R – [K] ReqR) V/W 

where [Ca]ReqR, [Mg]ReqR and [K]ReqR  represent the calcium, magnesium and potassium concentrations in soil solution 
after soil shaking (equilibration), whilst KR0R is the potassium concentration prior to shaking in solution, V refers 
to quantity of solution added to soil and W means dry weight of soil. In practice, the curve is derived by 
statistically fitting a suitable model to empirical data. 
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Fig 1.P

  
PA typical Q/I plot (Beckett and Nafady, 1967). AR, Activity ratio; I, intensity; E x K, quantity (Q); E x K°, labile K; 

ARe, equilibrium activity ratio; E x Ks; potassium specific adsorption; PBC, potential buffering capacity; cmol (+) kgP

-1
P, ion 

equivalent kgP

-1
P soil. *Source yong (2010). 

 
The value of the intercept point with the Y-axis is the non-specific absorption of potassium (Sinclair, 1979; 
Jalali, 2007). The intersection point of the curve with the Y-axis refers to the value for exchangeable potassium 
(Kex) (Evangelou and Karathanasis, 1986). Other important parameters can be obtained from the Q / I diagram 
such as: Equilibrium concentration of potassium (Keq) or activity ratio which is where the line intersects the X 
axis, and refers to the potassium absorption or intensity of K P

+
P in the soil solution that is available for uptake by 

crops from the soil directly. Secondly, the potential buffering capacity refers to the capacity of the soil for 
maintaining the intensity of K P

+
P in the soil solution. The gradient of the Q / I curve at the point of intersection 

with the X axis is the buffer power (Knibb and Thomas, 1972) 
High values of buffer power indicate the potential availability of large amounts of potassium over a long time 
period, whilst when buffer power is low it indicates that K fertiliser will be required to meet a crop’s K 
demands. Taiow et al. (2010) studied twelve surface soils and found that approximately 50% of the soils which 
were examined in the field or in the greenhouse had high potential buffer capacity and this indicated that 
potassium is released slowly from soil solution. 

Information about K P

+
P buffering characteristics can be useful when making recommendations about K fertiliser 

applications to crops. However, the relationship between the PBC and the requirement for potassium fertilisers 
depends on the kind of the plants. For example, bananas rape and peanuts required high application of potassium 
fertiliser (Yong, 2010).  But in general, K fertilisation depends on the buffer capacity value. If the buffer 
capacity is high then K fertiliser can be applied once with a large amount while if there is low buffer capacity 
then K fertiliser should be added several times to ensure the activity ratio is maintained at a higher and more 
stable value. Thus, both K P

+
P equilibrium concentration and K P

+
P buffer power are considered to be very important 

factors that predict amounts of available potassium in the soil.  Thus, soil buffer power is affected by many 
factors, the most important of which is the soil properties (texture, CEC, and organic matter). 

II. Rationale 

K P

+
P availability to plants depends on its equilibrium concentration in the soil solution and the soil’s buffer power. 

These properties are measured by equilibrating soils with solution of known K P

+
P concentration and determining 

the change in K P

+
P concentration caused by ion exchange. However, as explained above, it is not known how such 

measurements are affected by potassium phosphate used nor if the texture of the soil (which will be related to its 
ion exchange capacity) is important. Therefore, the experiment aimed to address this relations. 

III. Hypotheses 

Soil texture and equilibrating potassium phosphate influences K P

+
P equilibrium concentration in soil solution and 

soil K P

+
P buffer power. 

http://www.ijiset.com/
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IV. Materials and methods 

 
Three different soil textures were used to estimated K P

+
P equilibrium concentration in soil solution and soil K P

+
P 

buffer power. All samples were air-dried at 25 P

o
PC. Soil samples were collected from three different agricultural 

areas. These samples were different in their texture ( Silty Clay Loam- Loamy Sand – Sandy Loam) 

All soil samples were treated with six concentrations of potassium phosphate salt. The salt concentrations were 
0, 0.5, 1, 2, 3, and 5 mM K P

+
P in 10 mM CaClR2R.  The salt which used for the experiment was potassium 

phosphate, (KHR2RPOR4R).  Three replicates were analyzed. This salt was used to evaluate the response of KP

+
P buffer 

power and K P

+
P equilibrium in the soils to K salts. 25 ml of solution were added to 5 g of air-dried soil in a conical 

flask. The soil suspensions were shaken for 2 hours and left to stand 2 hours before filtering through Whatman 
41 paper.  

The K equilibrium concentration and K P

+
P buffer power were estimated by fitting a quadratic equation to the data 

using least-squares non-linear regression (Microsoft Excel). The quadratic equation is 

y = cxP

2
P+ bx + a.  

where x is the K P

+
P concentration in the added solution and y is the exchangeable K P

+
P measured after equilibrating 

the soil with the potassium salts. The K P

+
P equilibrium concentration is defined as the value of x at which y is 

zero, i.e., the K P

+
P concentration that balances KP

+
P adsorption and desorption. For a quadratic equation, the value of 

x when y = 0 is given by x = [-b ± sqrt (bP

2
P-4ac)]/2c. The KP

+
P buffer power is defined as the gradient of the curve 

when y = 0. For a quadratic equation, the gradient is given by 2cx + b  

where x is the K P

+
P equilibrium concentration. A quadratic equation was used because, unlike a linear equation, it 

allows for the possibility of saturation of K P

+
P sorption as the K P

+
P concentration of the equilibrating solution 

increases. 

Effects of soil type and equilibrating salt on K P

+
P equilibrium concentrations and K P

+
P buffer power were tested 

using analysis of variance (two-way general linear models) in Minitab. Where residuals of data were not 
normally distributed, data were log-transformed where appropriate. 

V. Results 

The greater the KP

+
P concentration of the added solution, the more KP

+
P remained in solution after equilibration with 

each soil (Table1). The K P

+
P concentrations shown in Table 1 were used to construct K P

+
P sorption isotherms, from 

which equilibrium K P

+
P concentrations and buffer powers were derived.  

 

Table 1.  Mean concentrations of K P

+
P remaining in solution after equilibrating soils with potassium phosphate 

salt. K P

+
P conc. is the initial K P

+
P concentration of the equilibrating solution after equilibration. 

conc. Sandy Loam Loamy Sand Silty Clay Loam 

mmol lP

-1 
KHR2RPOR4 

cmol 
       kgP

-1 

KHR2RPOR4R  
cmol kgP

-1 
KHR2RPOR4  
cmol kgP

-1 

0 
±SE 

-0.06 
0.01 

-0.10 
0.1 

-0.17 
0.06 

0.5 
±SE 

0.03 
0.03 

0.10 
0.01 

0.10 
0.02 

1 
±SE 

0.13 
0.03 

0.33 
0.03 

0.30 
0.02 

2 
±SE 

0.37 
0.07 

0.60 
0.01 

0.73 
0.03 

3 
±SE 

0.83 
0.03 

1.03 
0.13 

1.17 
0.03 

5 1.37 1.67 2.03 
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±SE 0.03 0.03 0.03 
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Fig 2 (A, B and C). The effect of different concentrations of KHR2RPOR4R on potassium equilibrium concentration (Keq) and 
buffer power (KBF) in three different soil textures. Symbols are means of three replicates. The bold curve is the quadratic 
function fitted to the data. Keq is defined as the value of x when y = 0. The broken line is the tangent to the quadratic curve 
when y = 0 and its slope at that point = KBP. 
 
Analyses of variance showed that both equilibrating K P

+
P salt and soil type had significant effects on K P

+
P 

equilibrium concentration and K P

+
P buffer power (P < 0.005). Statistical interactions between soil type and salt 

were non-significant (P > 0.05). 
The mean values of equilibrium concentration and buffer power derived from the sorption isotherms are 
summarized in Table 2. 
 

Table 2. Mean (± SE) equilibrium potassium concentrations and buffer powers (n = 3). Means in the same column followed 
by different letters are statistically different at P = 0.05. 

 

 

 

 

 

The results of statistical analysis (GLM Table) showed that all three soils had significant effects on K P

+
P buffer 

power when equilibrated with KHR2RPOR4R (P < 0.002), however, KBP in Sandy Loam and Loamy Sand soils did 
not show significant effect when they equilibrated with KHR2RPOR4R. where the greatest value of Keq was obtained 
in Silty Clay Loam soil 0.36 mM followed by 0.28 mM in the Sandy Loam soil and the least was 024 mM P

 
Pin 

Loamy Sand soil. Potassium phosphate had highly significant influence on KBP; this significant effect was 
obviously in Silty Clay Loam soil. Furthermore, the mean values of all soils involved in the trial exhibited 
variations in soil K buffer power (Table 2). They ranged from 0.22 to 0.46 cmol kgP

-1
P (mM) P

-1
P. The greatest value 

of soil K buffer power was recorded in the Silty Clay Lam soil followed byLoamy Sand soil 0.38 cmol kgP

-1
P 

(mM) P

-1
P and the lowest value was observed in sandy Loam soil. 

 
 In general, all soils and potassium salt had a highly significant effect on both K P

+
P equilibrium concentration and 

K P

+
P buffer power. There was positive correlation between exchangeable KP

+
P and K P

+
P concentration in soil solution 

in all soils resulting from potassium salt application where RP

2
P in all curves were at least 0.97. For example, salt 

had a larger effect than soil on K P

+
P equilibrium concentration. These results confirmed the hypothesis that is soil 

texture has directed an effect on both K equilibrium concentration and soil K P

+
P buffer power, where the values of 

K P

+
P equilibrium concentration and soil K buffer power were different from one soil to other. This experiment has 

demonstrated that estimating the K P

+
P sorption properties of soils was influenced by both soil type and the K P

+
P salt 

used in the equilibration procedure. Therefore, the hypotheses were supported by the results. Equilibration with 
KHR2RPOR4R usually produced the highest estimates of K P

+
P buffer power. The heavier textured Silty Clay Loam soil 

generally had a higher equilibrium KP

+
P concentration and KP

+
P buffer power than the lighter soils from Sandy 

Loam and Loamy Sand soils.  Possible reasons for these influences will now be discussed. Results were 
recorded by Jimene and Parra (1991) and Mittal et al. (1987) who reported that a positive correlation was 
obtained between buffer power and clay content. But this does not include a wide range of soils (Rao and 
Sekhon, 1989). Thus, potassium buffer power cannot be estimated by clay contents only but it is also related to 
different type of clay minerals such as smectitic group (Yong, 2010). Also, K P

+
P buffer power is determined by 

CEC (Mittal et al., 1987).  Pal Yash et al. (1996) confirmed in their experiments which were conducted on 
different soil textures that a higher buffer power was observed in clay soils. 

  
The lowest mean value of K P

+
P equilibrium concentration and buffer power were recorded in sandy soils. Similar 

results were reported by Schneider (2003) who reported that light soils had very low buffer power, while heavy 
soils with high clay content were much more highly buffered. Postel (1990) tested 20 different soil textures to 
estimate the K supplying power of soils and concluded that lowest K P

+
P buffer power was in sandy soils due to 

high susceptibility to potassium leaching. Also, these results agree with Abbas (2006) who found that soils 
which had high buffer power contained clay minerals in their texture and on the converse is true in sandy soils 

Soil 
 

Salt Equilibrium 
potassium 
mM 

Buffer 
power  
cmol kgP

-1
P (mM) P

-1 

Sandy Loam KHR2RPOR4 
±SE  

0.24 a b 
0.04 

0.22 a 
0.02 

Loamy Sand KHR2RPOR4 
±SE  

0.28 a 
0.03 

0.38 a 
0.05 

Silty Clay Loam KHR2RPOR4 
±SE  

0.36 b 
0.01 

0.46 b 
0.03 
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where buffer power was very low. In this case, soils which have high buffer power is quickly replenished when 
the nutrient is absorbed from soil solution (Nair,1996) or have sufficient K P

+
P in reserve to compensate for K P

+
P 

used by plants whilst soils of low buffer capacity will replace used K P

+
P slowly (Taiwo et al., 2010).  

 
Because the soils used in this experiment were collected from different locations (in order to obtain samples 
with contrasting textures), they could also have been subjected to different management histories, in particular, 
fertiliser applications. Thereby, different management histories especially fertiliser application could have 
influenced the experimental results. For example, results showed the mean of K P

+
P equilibrium values in Sandy 

Loam soil is higher than Loamy Sand soil in spite of the Loamy Sand soil containing more clay minerals in their 
texture than Sandy Loam. In this case increased K P

+
P equilibrium could be attributed to historical fertilisation or 

possibly this soil received more plant residues. Crop residues (organic matter) enhance the soil cation exchange 
capacity thereby increase the ability of soil to hold nutrients such as potassium, calcium and magnesium 
(Newman et al., 2007).  
 
Increased potassium concentration in soil solution at all three soils by increasing the level of potassium salt; this 
could be attributed to shortage of potassium in the soil solution. Similar results were recorded by 
Ganeshamurthy and Biswas (1983) who found that increases in the value of potassium activity ratio (KP

+
P 

concentration) when K fertiliser is increased irrespective of type of K fertiliser, and decrease of KP

+
P 

concentrations when treatments did not receive K fertiliser.  However, the mean value of KP

+
P equilibrium 

concentration and K P

+
P buffer power in soil solution was different between soils, and its depending on soil texture 

and type of potassium salts.  
 

VI. Conclusions. 

1. The hypotheses was supported by the results of the experiment. 
2. Soils of different texture have different K P

+
P sorption characteristics when these are determined under 

standardised conditions. 
3. But equilibrating K P

+
P salt also matters to determine K P

+
P sorption isotherm where Keq and KBP depend 

on salt type. 
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