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Abstract 

The soil pH determines the availability of nutrients and the type of fertilizer to be applied for 

productive sugarcane farming. There are three prominent electrolytes for determining the soil pH, 

namely, 0.01M CaCl2, 1M KCl and water. The Zimbabwe sugar industry uses the 0.01M CaCl2, 

while some archived data and analytical reports from sister-laboratories in the proficiency testing 

scheme use different electrolytes. There is need to establish models that connect the different 

pH-determining methods, for easy comparison and convertibility. A total of 298 soil samples from 

estates and private sugarcane growers were collected at a depth of 0-30 cm for this investigation. 

The soil pH was determined by using the three electrolyte solutions in different dilution ratios. The 

influence of soil Electrical Conductivity (EC), alkalinity and texture on the soil pH was also 

determined. The prominent soil textural classes used in the study were sand-clay, sand-clay-

loam, clay, clay-loam, sand-loam and a few sand soils. In all three electrolytes, the soil pH was 

found to increase with an increase in the electrolyte dilution, but the effect was greatest in water, 

followed by 0.01M CaCl2, and lastly, 1M KCl. The general observed trend in pH readings was pH 

(water) > pH (0.01 M CaCl2) > pH (1 M KCl). At a high EC, there were small differences in the pH 

readings of the three electrolytes solutions. Conversions from the water pH to salt electrolytes 

followed nonlinear models, which included the soil EC, polynomial, logarithmic and linear, in 

respective order. Conversions involving only salt electrolytes (0.01M CaCl2 and 1M KCl) were 

described by a linear model with an R2 of 0.958. The determination of pH in salt electrolytes was 

found to be the most robust and any conversions from water must be done by using nonlinear 

models, which incorporate the soil’s EC. 
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Introduction 

In sugarcane farming, the soil pH is a critical parameter that is monitored to help optimise land 

productivity. Nutrient uptake, aluminum and heavy metal toxicity, microbial activity and the 

decomposition of organic matter, and many other soil reactions, depend on it (Neina, 2019; Penn 

and Camberato, 2019; Tavakkoli et al., 2015; da Silva Cerozi and Fitzsimmons, 2016). Soil pH 

measurements are commonly taken with a combination electrode, or a glass H+ sensing electrode 

coupled to a reference electrode (Kumar and Thakur, 2015; Khan et al., 2017). Other methods, 

like the use of field sensors and laser-induced breakdown spectroscopy, are also promising 

(Ferreira et al., 2015; Scheberl et al., 2019). Three electrolytes are commonly used to determine 

the soil pH, namely, the calcium chloride (0.01M CaCl2), the water and potassium chloride (1M 
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KCl) (Minasny et al., 2011; van Lierop, 1990; Little, 1992). The most common soil electrolyte ratios 

are 1:1 (saturated paste extract), 1:2.5 and 1:5 (Batjes et al., 2020; Miller and Kissel, 2010). The 

international standards for soil pH measurements, ISO 10390: 2021 (determination of pH for soil, 

treated biowaste and sludge) are trying to harmonise the soil electrolyte ratios to 1:5, but do not 

restrain the choice of electrolytes. The choice of these electrolytes is influenced mostly by 

agronomic management practices, climate, local scientific habits, soil properties and the 

customer’s preference (Kabała et al., 2016; Miller and Kissel, 2010).  

The rationale for using salt electrolytes (calcium chloride and potassium chloride) is their ability 

to give consistent readings in diverse soil electrolyte concentrations (Kome et al., 2011).  The 

typical pH (calcium chloride scale) for growing sugarcane in the Zimbabwe sugar industry ranges 

from 5.5 to 6.5 (Clowes and Breakwell, 1998). High acidic soils require corrective practices, such 

as liming, while high pH soils can be ameliorated by the application of sulphur or other acidifying 

products, like organic mulches (de Moraes et al., 2019; Liu et al., 2018). The soil pH also 

determines the type of fertilizer to be applied to the field (Kome et al., 2011). Fields with high pH 

values may result in the volatilization of nitrogen from ammoniacal fertilizers (Dattamudi et al., 

2016; Ramanantenasoa et al., 2019).  

In most cases, the soil pH readings are different for each of the three electrolytes, which makes 

the comparison and conversion of the results difficult. Several studies outside the Zimbabwe 

sugar industry have attempted to establish a correlation between the pH readings of different 

electrolytes, notwithstanding the complications of diverse soil physicochemical properties. 

Studies conducted by Kabala et al. (2016), to investigate the Poland soil pH readings in KCl and 

water, revealed that readings with a ratio 1:2.5 were slightly lower, compared to those in 1:5 for 

the same electrolytes; however, the differences were not significant. The same author proposed 

a logarithmic model for interconverting the pH readings in KCl and water. The investigation 

excluded CaCl2, which is used in the Zimbabwe sugar industry, and did not directly investigate 

the influence of EC on the pH measurements. In a separate study of the pH in Romanian soils by 

Gavriloaiei (2012), second order polynomial models best described the relationship between salt 

electrolytes and water. However, the study did not investigate the different soil to electrolyte ratios, 

or the influence of soil physicochemical properties, such as the EC and texture. Although there 

have been some common findings by researchers on the subject of soil pH measurements, some 

disagreements might be attributed to the local biogeochemical processes. The presence of many 

disagreeing models has discouraged the adoption in other regions, which has prompted the need 

to undertake local investigations (Sadovski, 2019; Minasny et al., 2011; Kome et al., 2011).  

The ability to convert pH data from one method to the other, allows the analyses from different 

laboratories to be adjusted, so that any recommendation based on an alternate method can be 

meaningfully applied. With ISO 10390: 2021 trying to harmonise the pH electrolyte ratios for 

international best practice, it is prudent to align the archived research to the new requirements, 

for future effective referencing. Since a plethora of models in literature do not agree, experimental 

models are necessary for the conversion of pH in different electrolytes. The objective of this study 

was thus to establish a local relationship between the pH measurements assessed in three 

different electrolytes in the soils of the Zimbabwe sugar industry. In addition, consideration is 

given to the soil: solution ratio, as well as to the salt and clay content, as potential parameters 

that affect the pH readings. 
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Materials and Methods 

Sampling and sample preparation 

This research for the Zimbabwe sugar industry was conducted on the sugarcane-growing soils of 

Triangle (21.02433o S, 3144536o E), the Hippo Valley (21.15736o S, 31.54139o E), Mkwasine 

(20.80851o S, 31.88138o E), ZSAES (21.03594o S, 31.61731o E) and Mwenezana (21.42289o S, 

30.72369o E) in the south-eastern Lowveld of Zimbabwe. The industry is in Ecological Region (iv) 

of Zimbabwe, which is characterized by very hot summers and very low rainfall (less than 450 

mm per annum), so that sugarcane is grown under irrigation. A total of 298 soil samples 

representing the Zimbabwe sugar industry were collected randomly in Mkwasine (25), Triangle 

Estate (89), Triangle private growers (16), Mwenezana (35), the Hippo Valley Estate (81), Hippo 

Valley private growers (23) and ZSAES (29) from April to December 2020. The sampling 

procedure followed the ZSAES chemistry laboratory Standard Operation Procedure for nutrition 

determination. A single sample consisted of soil from 30 cores dug with a Dutch auger at a depth 

of 0-30 cm. The cores were dug diagonally to cover the entire field. The soils from the 30 cores 

were combined, mixed and then sub-sampled to make a representative sample (each sample 

was made by combining soil from 30 cores). Samples were carried to the laboratory in fresh 

polythene bags for analysis. The soils had diverse characteristics, with textural classes sand-

loom, sandy-clay-loom, clay, clay-loom and sand-clay being present. The soil organic content and 

EC ranged between (0.21- 3.55%) and (9-7284), respectively. The soil pH in the CaCl2 (1:5) scale 

ranged from 4.69 to 8.74. The soil characteristics represented the soils found in the Zimbabwe 

sugar industry (Table 1). 

Table 1. Descriptive statistics for the 298 soil samples collected from the Zimbabwe sugar 

industry 

Variables Range Mean  Median  

Clay (%) 5-60 24 22 

Silt (%) 2-64 14 17 

Sand (%) 15-87 59 67 

EC (µS cm-1) 9-7284 361 85 

Organic matter 0.21-3.55 1.58 1.62 

pH (CaCl2) 1:1 4.63-8.68 6.55 6.76 

pH (CaCl2) 1:2.5 4.64-8.72 6.63 6.84 

pH (CaCl2) 1:5 4.69 – 8.74 6.75 6.93 

pH (KCl) 1:1 3.93-8.55 6.22 6.33 

pH (KCl) 1:2.5 4.03-8.58 6.29 6.39 

pH (KCl) 1:5 4.08-8.63 6.38 6.47 
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pH (water) 1:1 5.43-9.42 7.15 7.48 

pH (water) 1:2.5 5.69-9.51 7.38 7.64 

pH (water) 1:5 5.83-9.63 7.71 7.85 

 

Analysis of samples 

The soils were allowed to air-dry, were lightly milled and the larger soil particles were eliminated 

by sieving the soil through a 2 mm sieve (Huluka and Miller, 2014; Sikora and Moore, 2014). Soil 

samples (10 g) were suspended in electrolyte solutions 0.01M CaCl2 (CaCl2), 1M KCl (KCl) and 

water in ratios of 1:1, 1:2.5, 1:5 and 1:10. The suspensions were shaken for 1 h at 120 rpm on an 

orbital shaker (Tecnal TE-145) and the pH readings were recorded on a pH electrode attached to 

a Mettler Toledo Seven excellence multi-meter. Prior to the pH reading, the pH meter was 

calibrated with buffers of pH 4, 7 and 10 supplied by Mettler Tolledo. The electrical conductivity 

of the soil was determined by mixing 10 g of the soil sample with 50 ml of deionized water and 

shaking it for one hour on an orbital shaker, before taking the EC readings with an EC electrode 

that was attached to a Mettler Tolledo Seven Excellence multi-meter (Kargas et al., 2020). The 

soil texture was determined by using the Bouyoucos hydrometer method (Beretta et al., 2014), 

and the soil organic matter was determined by using the Walkley-Black method (Gelman et al., 

2012)  

Investigation of the effect of EC and texture on pH measurements 

The effect of texture was investigated by making scatter plots of the pH measurements in water 

and salt electrolytes for each of the soil textural classes, and the relationship was evaluated by 

comparing the R2 values. The influence of EC was evaluated by computing the difference between 

the pH in water and salt electrolytes (1:5 soil-electrolyte ratios) to get the change in pH. The 

change in pH was plotted against the soil EC to get the relationship through model fitting.  

Evaluation of the effect of soil acidity or alkalinity on the pH relationships 

The influence of alkalinity or acidity on the pH readings was assessed by regressing pH < 6.5 

and pH > 6.5 (CaCl2 scale) for different electrolytes separately, and noting the change in R2 and 

student t-test p-values. The change in pH (pH water – pH salt) was plotted against the pH and 

the relationship noted. 

Comparison of predicted pH with measured pH on developed models 

Thirty-one soil samples had their pH measured in all the electrolytes (CaCl2, KCl and water) 

Different models (polynomial, logarithmic, linear and EC incorporated) were tested to predict the 

pH. The predicted pH was correlated with the actual pH and the R2 and student T-test values 

were compared. 

Data analysis 

Descriptive statistics (mean, median, minimum and maximum values) were used to describe the 

data. The regression relationship between the pH values in different electrolyte solutions was 

determined by a regression analysis. Models (linear, logarithmic, power, exponential and 

Rambwawasvika H et al Proc S Afr Sug Technol Ass (2021) 93 : 193-207

196



polynomial) were fitted and those with an R2 value close to 1 were considered. Where applicable, 

measurements were done in triplicate and the results were reported as mean values ± Standard 

Deviation (SD). The statistically-significant levels were determined by using a paired student t-

test when comparing the two groups. All computations were done by using Microsoft Excel and 

GraphPad prism software. Unless stated, p values ≤ 0.05 were considered to be significant. 

Results and Discussion 

Frequency distribution of soil pH in the sugar industry 

Selected soil samples represented the land used for sugarcane growing in the Zimbabwe sugar 

industry and the study indicated that the majority of soils (86%) have a pH (CaCl2 scale) that 

ranges from 5.5 to 7.5, which can sustain sugarcane production (Clowes and Breakwell, 1998). 

Data from the analysed samples indicate that only 1% of the soils had an acidic pH (below 5), 

while 12% are alkaline (a pH above 7.5). Some slightly alkaline and acidic soils are still suitable 

for growing sugarcane, although they need monitoring to ensure that the pH remains within the 

acceptable limits. The study indicated that there are few acidic soils in the Zimbabwe Sugar 

Industry, but that there might be some challenges with those that have a high alkalinity. The pH 

frequency distribution in the sugar industry is shown in Table 2. 

Table 2. Soil pH frequency distribution for 298 samples from Zimbabwe sugar industry 

pH range  
(0.01M CaCl2) 

pH< 5 5 ≤ pH < 7.5 pH ≥ 7.5 

Frequency 3 257 38 

Percentage  1 86 13 

 

The effect of soil to electrolyte dilution ratio on the pH measurements 

The trend in the pH readings was pH (water) > pH (CaCl2) > pH (KCl). The measurement of pH in 

salt electrolytes was most stable and robust among the three electrolytes, based on the low 

standard errors in the replicate readings. The present results concur with the research findings of 

other studies (Gavriloaiei, 2012; Minasny et al., 2011; Miller and Kissel, 2010). In all the three 

electrolyte solutions, the pH reading values were found to increase with an increase in the 

electrolyte dilution volume. The effect was, however, more pronounced in water, with an average 

increase of 0.61 units after a change in soil:electrolyte ratio from 1:1 to 1:10. On 0.01 M CaCl2, 

the same change in soil:electrolyte ratio resulted in an average increase of pH by 0.18 units, while 

1M KCl had an average increase of only 0.14 units (Figure. 1). 

Rambwawasvika H et al Proc S Afr Sug Technol Ass (2021) 93 : 193-207

197



 

Figure 1. pH readings of different electrolytes at different soil:electrolyte ratios. The results 

were plotted as mean values ± standard deviation of triplicate readings. 

There were strong positive linear correlations between the pH readings of the same electrolytes 

at different soil:electrolyte ratios, with all P values of the regression model less than 0.001. 

Although there was a noticeable increase in the pH readings with an increase in the soil:electrolyte 

ratio, the difference was statistically insignificant (all student T-test p values greater than 0.05) 

when using the same electrolyte (dilutions 1:1, 1:2.5 and 1:5). This finding concurs with that of 

Kabala et al. (2016) for the pH in KCl and water scales. Thus, archived data with pH measured in 

1:1 and 1:2.5 ratios can compare well with that of a 1:5 ratio, as is the requirement for ISO 10390: 

2021, provided a similar electrolyte is used. Where precise conversion is necessary, linear models 

have been provided (Table 3). 

Table 3. Linear regression models connecting pH measurements of the same electrolyte 

at a different soil:electrolyte ratio   

Electrolyte  Soil: 
electrolyte 
ratio 

Linear Regression equation 

R2 value 

P < 
0.001 

T-test 
P 
values 

Water 

1:1 vs 1.2.5 𝑝𝐻𝐻20 (1:2.5) = 0.971 ∗ 𝑝𝐻𝐻20 (1:1) + 0.387 (1) 0.995 0.519 

1:1 vs 1:5 𝑝𝐻𝐻20 (1:5) = 0.976 ∗ 𝑝𝐻𝐻20 (1:1) + 0.454 (2) 0.991 0.417 

1:2.5 vs 1:5 𝑝𝐻𝐻20 (1:5) = 1.003 ∗ 𝑝𝐻𝐻20 (1:2.5) + 0.081 (3) 0.992 0.564 

CaCl2 

1:1 vs 1.2.5 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:2.5) = 1.006 ∗ 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:1) + 0.067 (4) 0.997 0.717 

1:1 vs 1:5 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:5) = 0.997 ∗ 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:1) + 0.199 (5) 0.996 0.704 

1:2.5 vs 1:5 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:5) = 0.998 ∗ 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:2.5) + 0.096 (6) 0.996 0.907 

KCl 1:1 vs 1.2.5 𝑝𝐻𝐾𝐶𝑙 (1:2.5) = −0.006 + 1.020 ∗ 𝑝𝐻𝐾𝐶𝑙 (1:1)  (7) 0.997 0.963 
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1:1 vs 1:5 𝑝𝐻𝐾𝐶𝑙 (1:5) = 1.047 ∗ 𝑝𝐻𝐾𝐶𝑙 (1:1) − 0.045 (8) 0.996 0.601 

1:2.5 vs 1:5 𝑝𝐻𝐾𝐶𝑙 (1:5) = 0.962 ∗ 𝑝𝐻𝐾𝐶𝑙 (1:2.5) + 0.395  (9) 0.997 0.861 

 

Relationship between pH measurements in different electrolyte solutions 

The general observed trend in pH readings was pH water > pH CaCl2 > pH KCl. The highest 

average difference between the pH values was between water and KCl (1.26±0.39), followed by 

water and CaCl2 (0.90±0.33), and lastly, CaCl2 and KCl (0.36±0.16). The difference between the 

pH measurements in salt electrolytes and water was found to be greatly significant (p < 0.001, 

analysed by using a student t-test). The relationship between the pH measurements in salt 

electrolytes and water was not linear, while that of salt KCl and CaCl2 was found to be linear (Fig. 

2). 

  

Figure 2. Relationship between pH measurements in (a) CaCl2 and KCl, (b) Water and KCl 

and KCl and water. The soil:electrolyte ratio was maintained at 1:5 

The adoption of salt electrolytes pH values for use in water pH methods, or vice versa, without 

recalculations is not recommended, due to the observed differences.  The differences between 

the water pH and that of salt electrolytes is because the salt cations (Ca2+/ K+) exchange H+ from 

the surface exchange sites and so lower the measured pH. Water as an electrolyte does not 

cause a strong exchange of H+ from the soil, thus the pH readings in water are normally higher 

than those in salt electrolytes. In this study, linear, logarithmic and second-order polynomial 

models were evaluated for connecting pH measurements in salt and water electrolytes. The 

models were evaluated for the conversion of CaCl2 pH to water and a second-order polynomial 
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model with an R2 value of 0.825 fitted best, followed by a logarithmic model with an R2 value of 

0.824, and lastly, a linear regression model with an R2 of 0.820 (Table 4).   

Table 4. Models connecting pH measurements in CaCl2 and water 

Model Equation 

Linear 
𝑝𝐻𝐶𝑎𝐶𝑙2 = −1.624 + 1.095∗ 𝑝𝐻𝐻20  

𝑅2 = 0.820, p < 0.001                
 

(10) 

Logarithmic 
𝑝𝐻𝐶𝑎𝐶𝑙2 = 8.226∗  𝑙𝑛 𝑝𝐻𝐻20 − 9.955    

𝑅2 = 0.824, p < 0.001 
 

(11) 

Polynomial 
𝑝𝐻𝐶𝑎𝐶𝑙2 = −0.109∗𝑝𝐻𝐻20 

2 + 2.744∗ 𝑝𝐻𝐻20 − 7.802 

𝑅2 = 0.825, p < 0.001 
 

(12) 

Models relating the pH measurements of KCl to water exhibited the same trend with those of 

CaCl2 and water. The polynomial model had the highest R2 value of 0.75. This study revealed 

that the relationship between the salt and water pH is not linear and the same concept has been 

shared by many researchers (Kome et al, 2018; Kabala et al, 2016).  Although the polynomial 

model’s R2 values look better, compared to logarithmic and linear models, the improvement was 

not significant (Table 5).  

Table 5. Models connecting pH measurements in KCl and water 

Model Equation 

Linear 
𝑝𝐻𝐶𝑎𝐶𝑙2 = −1.743 + 1.063∗ 𝑝𝐻𝐻20  

𝑅2 = 0.744, p < 0.001                (13) 

Logarithmic 
𝑝𝐻𝐾𝐶𝑙 = 7.993∗ 𝑙𝑛 𝑝𝐻𝐻20 − 9.846    

𝑅2 = 0.749, p < 0.001       
 

(14) 

Polynomial 
𝑝𝐻𝐾𝐶𝑙 = −0. 128∗𝑝𝐻𝐻20 

2 + 2.997∗ 𝑝𝐻𝐻20 − 8.992 

𝑅2 = 0.751, p < 0.001 
 

(15) 

The relationship between the pH measurements in the salt electrolytes, CaCl2 and KCl, was 

described by a linear model. The difference between the pH values in CaCl2 and KCl was not 

statistically significant with a student t-test p value greater than 0.05. A linear regression model, 

which connects pH readings in the two electrolytes, is shown in Equation 16. 

𝑝𝐻𝐶𝑎𝐶𝑙2 = 0.616 + 0.961∗ 𝑝𝐻𝐾𝐶𝑙                                 
𝑅2 = 0.958, p < 0.001  (16) 

KCl pH is slightly lower than CaCl2 pH by 0.37 units, on average. A very strong positive correlation 

of 0.958 exists between the pH measurement values for CaCl2 and KCl. The strong correlation 

might be attributed to their ability to dislodge protons from the soil diffuse layer into the electrolyte 
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solution. The values of pH measured in water were constantly higher than those in CaCl2 and KCl, 

because water has limited capacity to extract protons from the soil colloids into the solution.  

Effect of soil acidity and alkalinity on pH differences between electrolytes 

Regressing pH < 6.5 and pH > 6.5 separately (CaCl2 scale) did not result in a significant 
improvement in the relationship between the pH measurement methods. Regressing pH of salt 
electrolytes against water at a pH of below 6.5 resulted in a polynomial model relationship with 
R2 of 0.724 and 0.709 for CaCl2 and KCl, respectively. Differences between pH measured in salt 
electrolytes and water was shown to decrease with an increase in the soil pH. At a soil pH above 
6.5 (CaCl2 scale), there was a weak negative correlation between the change in pH (pH in water 
– pH in salt electrolytes), with R2 values of 0.14 and 0.11 for CaCl2 and KCl electrolytes, 
respectively. The same trend could not be seen when comparing the change in pH between KCl 
and CaCl2, where the difference remained approximately 0.4 across the range. The results could 
not be meaningfully modelled to interpret the relationship of the pH measurements, due to the 
poor correlation (Fig. 3).    

  

Figure 3. Relationship between change in pH and pH (CaCl2) (a) pH (H2O – CaCl2) and (b) 

pH (H2O – KCl) 

The reason for the low differences at a high pH might be the presence of carbonates of base 

elements, such as sodium and calcium, which keeps the pH high, while the base ions (Ca2+ and 

or Na+) buffer the soil to allow comparable H+ ions to be available for pH measurements, in both 

salt and water electrolytes. High base saturation, due to the presence of base ions, can also 

cause both a high EC and a high pH. The influence of base saturation on the pH was also 

discovered by Kabala et al. (2016).  

Effect of electrical conductivity on the pH readings 

The differences in the pH reading between salt electrolytes and water decreased with an increase 

in EC. Thus, at a low EC (below 1000 µS cm-1) the differences were bigger and lower than at a 

high EC (above 1000 µS/cm). Above 1000 µS/cm, the differences reduced, but still exhibited a 

significant difference between the measurements, with a student t-test p value of 0.003 for pH in 

CaCl2 and in water, compared to p < 0.001 obtained when all samples were included. The p value 

for the comparison of pH in KCl and water at an EC above 1000 µS/cm also improved, but was 

still below 0.001. The same trends were witnessed by Miller and Kissel (2010) in North American 

soils and by Minasny et al. (2011) in the Queensland (Australia) soils. The reason for the small 
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pH differences at a high EC is the presence of soluble salts that act in a similar manner to the 

salts in the CaCl2 and KCl pH solutions, whose ions displace H+ ions, thus resulting in pH values 

closer to the salt extracts. Only 24 samples out of the 298 had an EC above 1000 µS/cm. The 

change in pH (pH in water - pH in salt electrolytes) at an EC below 1000 µS/cm followed 

logarithmic models, with R2 = 0.610 delta pH (water-CaCl2) and R2 = 0.606 for delta pH (water-

KCl). Delta pH (KCl - CaCl2) had no significant relationship with the EC shown by a very poor 

linear correlation R2 of 0.206 (Fig. 4).  

 

Figure 4. Change in pH readings against soil EC for 298 soil samples in the Zimbabwe 

sugar industry (a) pH (water) – pH (CaCl2) (b) pH (water) – pH (KCl) and (c) pH 

(CaCl2) – pH (KCl) 

It was seen that soil EC strongly influences the pH readings and can be meaningfully included in 

constructing models which relates the pH of different electrolytes. Nonlinear models connecting 

the pH of different electrolytes, with the EC included, are shown in Equations 17 and 18.  

𝑝𝐻𝐶𝑎 = 𝑝𝐻𝑊 + 0.193∗𝑙𝑛(𝐸𝐶 ) − 1.775            [17] 

𝑝𝐻𝐾𝐶𝑙 = 𝑝𝐻𝑊 + 0.231∗𝑙𝑛(𝐸𝐶 ) − 2.313            [18] 

With pHW, pHKCl and pHCa referring to pH in water, 1M KCl and 0.01M CaCl2, respectively.  

Correlation between pH measurements and soil texture 

There was no significant relationship shown by regressing clay, sand and silt percent content with 

pH in all the electrolytes (all R2 below 0.20). The relationship of pH (water) and pH (CaCl2) was 
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strongest in the sand-clay textural class, with an R2 value of 0.8373. Following the sand-clay 

texture were sand-loam, sand-clay-loam, clay-loam, and lastly clay, with R2 values of 0.822, 

0.738, 0.492, 0.234, respectively. It has been observed that the R2 for pH (water) and pH (CaCl2) 

reduced with an increase in the soil clay content. It is not clear what caused the weak correlation 

in clay-textured soil, but we suspect that it is attributed to the high adsorptive power of clay colloids 

to H+ ions, which causes difficulties in dislodging them into the solution for pH reading by water. 

Unlike water, CaCl2 is a strong electrolyte that is capable of exchanging Ca2+ ions for H+ ions, 

which will be measured by the selective H+ sensitive electrode. The results indicated stronger 

relationship between pH (CaCl2) and pH (KCl) on all soil textures (Fig. 5).   

 
Figure 5. Regression plots showing the correlation of water and KCl pH against CaCl2 pH 

in different soil textural classes: (a) sand-loom, (b) sandy-clay-loom, (c) clay, (d) 

clay-loom and (e) sand-clay 

Comparison of predicted pH with measured pH on developed models 

The linear model worked best on predicting KCl pH from the measured values of CaCl2 (R2 = 

0.956, p > 0.05) and thus conversions between salt electrolyte pH can be done by using the linear 

model, where necessary. The models that incorporated soil EC performed better than other 

models in predicting the pH of salt electrolytes from water pH values, as indicated by both the 

high R2 and p values, when the actual and predicted values were compared. These findings 

concur with work done by Minasny et al. (2011). The EC model worked best for predicting pH 
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CaCl2 from pH in water with (R2 =0.907), followed by a polynomial model (R2 = 0.899), the 

logarithmic model (R2 = 0.885), and lastly, the linear model (R2 = 0.864). The same trend was 

observed when predicting pH KCl from pH water. The observed differences in the R2 and p values, 

when comparing logarithmic, polynomial and EC models, is very small such that all the nonlinear 

models can be used to predict the salt electrolyte pH from the water pH with some degree of 

accuracy. The poor performance of linear models is an indication that the relationship between 

the salt electrolytes pH and water pH is not linear (Table 6). 

Table 6. R2 and p values from models predicting pH of different electrolytes against the 

actual pH reading values  

Prediction  Model R2 P value 

pH (CaCl2) from pH 
(KCl) 

Linear 0.956 0.664 

pH (CaCl2) from pH 
(H2O)  

Linear 0.864 0.014 

Logarithmic 0.885 0.712 

Polynomial 0.891 0.657 

EC model 0.908 0.999 

pH (KCl) from pH 
(H2O)  

Linear 0.864 0.059 

Logarithmic 0.885 0.119 

Polynomial 0.899 0.092 

EC model 0.907 0.253 

 

Conclusion 

This study established that soil pH measurements in CaCl2 or KCl electrolytes are more stable 

across a wide range of soil types and salt contents, and they are therefore preferred for use, 

compared to water. The soil EC greatly affected the pH measurements in water and the best 

model used for converting pH in water to pH in salt electrolytes incorporated the EC values. The 

logarithmic and polynomial models were also used competently to convert water pH to salt 

electrolytes, but they were surpassed by models that incorporated soil EC. An increase in soil 

dilution with the same electrolyte resulted in an increase in the pH measurement values; however, 

the increase had no significant effect on ratios less than 1:5. Electrolyte solutions of CaCl2 and 

KCl were less affected by the ionic strength of soil and gave persistent readings with changes in 

the soil:electrolyte ratios. Water pH is greatly affected by the soil:water dilution, as well as soil’s 

ionic strength, compared to the other two salt electrolytes. The difference between pH 

measurement values of salt electrolytes was not significant and, where high precision is not 

required, the two can be interchanged without major implications to agricultural practices. The 
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relationship between the pH of salt electrolytes followed a linear model and therefore any 

conversions, if necessary, can be successfully done with linear models.  
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