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matrix/electrolyte, the suspension was stirred manually with the help of a glass rod for 10 
minutes. The reading was taken after 30, 90 and 150 minutes after mixing the soil suspension. 
All pH measurements were performed at room temperature (27±2°C) using AD1030 pH/mV 
& Temperature Meter and AD1131B pH electrode, which had previously been calibrated at pH 
4.1, 7.0 and 10.0. The meter was recalibrated, when necessary, to ensure accuracy (Al-Busaidi 
et al. 2003). Duplicate quality control samples were evaluated in each batch.

dependent. In most cases, soil pH is determined using water or another aqueous medium, such 
as a diluted salt solution. A signi�icant challenge to determining soil pH is the effect of soil-water 
suspension (Reuter et al. 1999). Some factors need to be considered to reduce variability in pH 
determination. These include the ratio of soil to the solution, the cation concentration in the soil 
solution, the type of electrode used in the pH meter, the depth at which the electrode is 
submerged in the soil suspension, and the duration of time the suspension has been stirred. 
The soil-water ratio used in the suspension effects greatly in pH measurement where pH increa 
with a decrease in the soil-water ratio. An increase of 0.4 was found for a decrease of soil-water 
ratio from 10:1 to 1:10 (Keaton, 1938; Davis, 1943). McLean (1982) described suspension 
effect as the difference in the measured pH in the sediment and in the supernatant. According 
to Foth and Ellis (1988), the clay and humus particles which encounter the electrode and the 
equilibrium of soil CO

2 with its atmospheric concentration govern the suspension effect. Use of 
dilute calcium chloride (0.01M) and KCl (1M) as matrix is an easy solution of minimizing 
suspension effect (Sumner, 1994). The soil suspension pH affected greatly by the variations in 
salt concentration of soil solution when the levels of salt in soil solution was very low. Increase 
in soil pH due to soluble salt leaching was noticed by Puri and Asghar (1938). Studies regarding 
the role of electrolyte on soil pH determination in calcareous soil are scanty, and a 
comprehensive study is needed to learn the magnitude of the operational effects on the pH 
measurements. With this in mind, we examined the impacts of different matrices, their mixing 
ratios, and the mixing time on the measured pH of surface and sub-surface calcic soil as well as 
to observe the interaction of various soil parameters with pH.

2. Materials and Methods
The experiment was carried out at the Soil Science Lab, Sylhet Agricultural University, 

Sylhet, and the Soil Resource Development Institute (SRDI), Sylhet, during November 2020 to 
February 2021. Soil samples were collected from different respective sampling sites. The soil 
samples were collected just prior to the land preparation for rabi crop planting. Six sites were 
selected, and from each site two samples were collected at two soil depths (0-15 cm and 15-30 
cm). GPS reading was recorded for each site (Table 1). The collected soil samples were spread 
on a brown paper in the laboratory for air-drying. After removing the plant roots and other 
debris the air-dried soil was ground and passed through a 2-mm sieve to remove debris, 
pebbles and gravels. The processed samples were kept in polyethylene bags and then analyzed 
for basic soil properties (pH, organic carbon, electric conductivity) and some other cations 
(potassium, calcium, magnesium, zinc, copper, iron and manganese) following standard 
methodology as described in Table 2. 

2.1 Determination of Soil pH
Soil pH was measured in distilled water (pHW), 0.01M CaCl

2 
(pHCa), and 1M KCl (pH

K
) for all 

the soil samples. The soil matrix ratios of 1:1.0, 1:2.5 and 1:5.0 (w/v) were used for each of the 
electrolytes. In each case, the amount of soil was 10 g. After mixing the soil and respective 

In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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Abstract
Soil pH is an important parameter in soil chemistry which varies under different 

determination techniques. Therefore, an experiment was conducted to observe the effects of 
different matrices, their mixing ratios and time of reading on pH of calcareous soil, and also to 
observe the relationship of different soil properties with pH. The experiment comprised two 
factors viz., three mixing ratios of soil and matrices (1:1.0, 1:2.5 and 1:5.0), and three times of 
reading after mixing of soil and matrix (reading after 30 minutes of mixing, RA30MM; reading 
after 90 minutes of mixing, RA90MM; and reading after 150 minutes of mixing, RA150MM). 
Six soil samples from six different locations were treated as six replications. A total of 12 soil 
samples were analyzed for pH by using three matrices (distilled water, CaCl2 and KCl). The 
mean pH values measured in distilled water, 0.01M CaCl2 and 1M KCl showed a distinct 
declining trend from high to low following the order pHw>pHCa>pHK, respectively. The increase 
in dilution of the soil and matrix ratio showed a tendency to increase the soil pH value which 
can be expressed as pH1:1.0<pH1:2.5<pH1:5.0. Time after mixing of the soil and matrix affected pH 
values which is in the order of RA90MM>RA30MM>RA150MM. Interaction between 
soil-matrix ratio and duration also signi�icantly affected soil pH. Variations in relationship of 
soil pH and other soil parameters were very strong in calcareous soils. 

Keywords: Calcareous soils, CaCl2, KCl, Soil pH, Soil-matrix ratio

1. Introduction
Soil pH is an important parameter in soil chemistry and proof for many soil chemical 

reactions as well as biological reactions (Moore and Leoppert, 1987). It determines the nutrient 
availability, microbial diversity and transformation of nutrients and compounds in soils. It has 
effect on the solubility, bioavailability and translocation of micro-nutrients in plants (Forstner, 
1995). As microbial activity in soil depends on soil pH (Miller and Kissel, 2010) the 
decomposition of soil organic matter also affected by it and contributed in plant nutrient 
releases (Jones and Benton, 2012). In accordance with biochemical changes, physico-chemical 
processes like dissolution, precipitation and volatilization also in�luenced by soil pH 
(Kulikowska and Klimiuk, 2008). For the purpose of determining acid-base balance, including 
carbon dioxide and carbonate equilibrium, accurate soil pH measurement is necessary (Suarez, 
1977; Stumm and Morgan, 1996). The pH determination of soil is exclusively method 
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matrix/electrolyte, the suspension was stirred manually with the help of a glass rod for 10 
minutes. The reading was taken after 30, 90 and 150 minutes after mixing the soil suspension. 
All pH measurements were performed at room temperature (27±2°C) using AD1030 pH/mV 
& Temperature Meter and AD1131B pH electrode, which had previously been calibrated at pH 
4.1, 7.0 and 10.0. The meter was recalibrated, when necessary, to ensure accuracy (Al-Busaidi 
et al. 2003). Duplicate quality control samples were evaluated in each batch.

dependent. In most cases, soil pH is determined using water or another aqueous medium, such 
as a diluted salt solution. A signi�icant challenge to determining soil pH is the effect of soil-water 
suspension (Reuter et al. 1999). Some factors need to be considered to reduce variability in pH 
determination. These include the ratio of soil to the solution, the cation concentration in the soil 
solution, the type of electrode used in the pH meter, the depth at which the electrode is 
submerged in the soil suspension, and the duration of time the suspension has been stirred. 
The soil-water ratio used in the suspension effects greatly in pH measurement where pH increa 
with a decrease in the soil-water ratio. An increase of 0.4 was found for a decrease of soil-water 
ratio from 10:1 to 1:10 (Keaton, 1938; Davis, 1943). McLean (1982) described suspension 
effect as the difference in the measured pH in the sediment and in the supernatant. According 
to Foth and Ellis (1988), the clay and humus particles which encounter the electrode and the 
equilibrium of soil CO

2 with its atmospheric concentration govern the suspension effect. Use of 
dilute calcium chloride (0.01M) and KCl (1M) as matrix is an easy solution of minimizing 
suspension effect (Sumner, 1994). The soil suspension pH affected greatly by the variations in 
salt concentration of soil solution when the levels of salt in soil solution was very low. Increase 
in soil pH due to soluble salt leaching was noticed by Puri and Asghar (1938). Studies regarding 
the role of electrolyte on soil pH determination in calcareous soil are scanty, and a 
comprehensive study is needed to learn the magnitude of the operational effects on the pH 
measurements. With this in mind, we examined the impacts of different matrices, their mixing 
ratios, and the mixing time on the measured pH of surface and sub-surface calcic soil as well as 
to observe the interaction of various soil parameters with pH.

2. Materials and Methods
The experiment was carried out at the Soil Science Lab, Sylhet Agricultural University, 

Sylhet, and the Soil Resource Development Institute (SRDI), Sylhet, during November 2020 to 
February 2021. Soil samples were collected from different respective sampling sites. The soil 
samples were collected just prior to the land preparation for rabi crop planting. Six sites were 
selected, and from each site two samples were collected at two soil depths (0-15 cm and 15-30 
cm). GPS reading was recorded for each site (Table 1). The collected soil samples were spread 
on a brown paper in the laboratory for air-drying. After removing the plant roots and other 
debris the air-dried soil was ground and passed through a 2-mm sieve to remove debris, 
pebbles and gravels. The processed samples were kept in polyethylene bags and then analyzed 
for basic soil properties (pH, organic carbon, electric conductivity) and some other cations 
(potassium, calcium, magnesium, zinc, copper, iron and manganese) following standard 
methodology as described in Table 2. 

2.1 Determination of Soil pH
Soil pH was measured in distilled water (pHW), 0.01M CaCl

2 
(pHCa), and 1M KCl (pH

K
) for all 

the soil samples. The soil matrix ratios of 1:1.0, 1:2.5 and 1:5.0 (w/v) were used for each of the 
electrolytes. In each case, the amount of soil was 10 g. After mixing the soil and respective 
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In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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Abstract
Soil pH is an important parameter in soil chemistry which varies under different 

determination techniques. Therefore, an experiment was conducted to observe the effects of 
different matrices, their mixing ratios and time of reading on pH of calcareous soil, and also to 
observe the relationship of different soil properties with pH. The experiment comprised two 
factors viz., three mixing ratios of soil and matrices (1:1.0, 1:2.5 and 1:5.0), and three times of 
reading after mixing of soil and matrix (reading after 30 minutes of mixing, RA30MM; reading 
after 90 minutes of mixing, RA90MM; and reading after 150 minutes of mixing, RA150MM). 
Six soil samples from six different locations were treated as six replications. A total of 12 soil 
samples were analyzed for pH by using three matrices (distilled water, CaCl2 and KCl). The 
mean pH values measured in distilled water, 0.01M CaCl2 and 1M KCl showed a distinct 
declining trend from high to low following the order pHw>pHCa>pHK, respectively. The increase 
in dilution of the soil and matrix ratio showed a tendency to increase the soil pH value which 
can be expressed as pH1:1.0<pH1:2.5<pH1:5.0. Time after mixing of the soil and matrix affected pH 
values which is in the order of RA90MM>RA30MM>RA150MM. Interaction between 
soil-matrix ratio and duration also signi�icantly affected soil pH. Variations in relationship of 
soil pH and other soil parameters were very strong in calcareous soils. 
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1. Introduction
Soil pH is an important parameter in soil chemistry and proof for many soil chemical 

reactions as well as biological reactions (Moore and Leoppert, 1987). It determines the nutrient 
availability, microbial diversity and transformation of nutrients and compounds in soils. It has 
effect on the solubility, bioavailability and translocation of micro-nutrients in plants (Forstner, 
1995). As microbial activity in soil depends on soil pH (Miller and Kissel, 2010) the 
decomposition of soil organic matter also affected by it and contributed in plant nutrient 
releases (Jones and Benton, 2012). In accordance with biochemical changes, physico-chemical 
processes like dissolution, precipitation and volatilization also in�luenced by soil pH 
(Kulikowska and Klimiuk, 2008). For the purpose of determining acid-base balance, including 
carbon dioxide and carbonate equilibrium, accurate soil pH measurement is necessary (Suarez, 
1977; Stumm and Morgan, 1996). The pH determination of soil is exclusively method 
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matrix/electrolyte, the suspension was stirred manually with the help of a glass rod for 10 
minutes. The reading was taken after 30, 90 and 150 minutes after mixing the soil suspension. 
All pH measurements were performed at room temperature (27±2°C) using AD1030 pH/mV 
& Temperature Meter and AD1131B pH electrode, which had previously been calibrated at pH 
4.1, 7.0 and 10.0. The meter was recalibrated, when necessary, to ensure accuracy (Al-Busaidi 
et al. 2003). Duplicate quality control samples were evaluated in each batch.

dependent. In most cases, soil pH is determined using water or another aqueous medium, such 
as a diluted salt solution. A signi�icant challenge to determining soil pH is the effect of soil-water 
suspension (Reuter et al. 1999). Some factors need to be considered to reduce variability in pH 
determination. These include the ratio of soil to the solution, the cation concentration in the soil 
solution, the type of electrode used in the pH meter, the depth at which the electrode is 
submerged in the soil suspension, and the duration of time the suspension has been stirred. 
The soil-water ratio used in the suspension effects greatly in pH measurement where pH increa 
with a decrease in the soil-water ratio. An increase of 0.4 was found for a decrease of soil-water 
ratio from 10:1 to 1:10 (Keaton, 1938; Davis, 1943). McLean (1982) described suspension 
effect as the difference in the measured pH in the sediment and in the supernatant. According 
to Foth and Ellis (1988), the clay and humus particles which encounter the electrode and the 
equilibrium of soil CO

2 with its atmospheric concentration govern the suspension effect. Use of 
dilute calcium chloride (0.01M) and KCl (1M) as matrix is an easy solution of minimizing 
suspension effect (Sumner, 1994). The soil suspension pH affected greatly by the variations in 
salt concentration of soil solution when the levels of salt in soil solution was very low. Increase 
in soil pH due to soluble salt leaching was noticed by Puri and Asghar (1938). Studies regarding 
the role of electrolyte on soil pH determination in calcareous soil are scanty, and a 
comprehensive study is needed to learn the magnitude of the operational effects on the pH 
measurements. With this in mind, we examined the impacts of different matrices, their mixing 
ratios, and the mixing time on the measured pH of surface and sub-surface calcic soil as well as 
to observe the interaction of various soil parameters with pH.

2. Materials and Methods
The experiment was carried out at the Soil Science Lab, Sylhet Agricultural University, 

Sylhet, and the Soil Resource Development Institute (SRDI), Sylhet, during November 2020 to 
February 2021. Soil samples were collected from different respective sampling sites. The soil 
samples were collected just prior to the land preparation for rabi crop planting. Six sites were 
selected, and from each site two samples were collected at two soil depths (0-15 cm and 15-30 
cm). GPS reading was recorded for each site (Table 1). The collected soil samples were spread 
on a brown paper in the laboratory for air-drying. After removing the plant roots and other 
debris the air-dried soil was ground and passed through a 2-mm sieve to remove debris, 
pebbles and gravels. The processed samples were kept in polyethylene bags and then analyzed 
for basic soil properties (pH, organic carbon, electric conductivity) and some other cations 
(potassium, calcium, magnesium, zinc, copper, iron and manganese) following standard 
methodology as described in Table 2. 

2.1 Determination of Soil pH
Soil pH was measured in distilled water (pHW), 0.01M CaCl

2 
(pHCa), and 1M KCl (pH

K
) for all 

the soil samples. The soil matrix ratios of 1:1.0, 1:2.5 and 1:5.0 (w/v) were used for each of the 
electrolytes. In each case, the amount of soil was 10 g. After mixing the soil and respective 
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In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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Abstract
Soil pH is an important parameter in soil chemistry which varies under different 

determination techniques. Therefore, an experiment was conducted to observe the effects of 
different matrices, their mixing ratios and time of reading on pH of calcareous soil, and also to 
observe the relationship of different soil properties with pH. The experiment comprised two 
factors viz., three mixing ratios of soil and matrices (1:1.0, 1:2.5 and 1:5.0), and three times of 
reading after mixing of soil and matrix (reading after 30 minutes of mixing, RA30MM; reading 
after 90 minutes of mixing, RA90MM; and reading after 150 minutes of mixing, RA150MM). 
Six soil samples from six different locations were treated as six replications. A total of 12 soil 
samples were analyzed for pH by using three matrices (distilled water, CaCl2 and KCl). The 
mean pH values measured in distilled water, 0.01M CaCl2 and 1M KCl showed a distinct 
declining trend from high to low following the order pHw>pHCa>pHK, respectively. The increase 
in dilution of the soil and matrix ratio showed a tendency to increase the soil pH value which 
can be expressed as pH1:1.0<pH1:2.5<pH1:5.0. Time after mixing of the soil and matrix affected pH 
values which is in the order of RA90MM>RA30MM>RA150MM. Interaction between 
soil-matrix ratio and duration also signi�icantly affected soil pH. Variations in relationship of 
soil pH and other soil parameters were very strong in calcareous soils. 
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1. Introduction
Soil pH is an important parameter in soil chemistry and proof for many soil chemical 

reactions as well as biological reactions (Moore and Leoppert, 1987). It determines the nutrient 
availability, microbial diversity and transformation of nutrients and compounds in soils. It has 
effect on the solubility, bioavailability and translocation of micro-nutrients in plants (Forstner, 
1995). As microbial activity in soil depends on soil pH (Miller and Kissel, 2010) the 
decomposition of soil organic matter also affected by it and contributed in plant nutrient 
releases (Jones and Benton, 2012). In accordance with biochemical changes, physico-chemical 
processes like dissolution, precipitation and volatilization also in�luenced by soil pH 
(Kulikowska and Klimiuk, 2008). For the purpose of determining acid-base balance, including 
carbon dioxide and carbonate equilibrium, accurate soil pH measurement is necessary (Suarez, 
1977; Stumm and Morgan, 1996). The pH determination of soil is exclusively method 

Table 2.  Methods for analysis of soil properties

Soil properties     Analytical methods

Organic carbon The soil organic matter was oxidized using 1N potassium 
dichromate according to the wet oxidation method (Nelson 
and Sommers, 1996), and the amount of organic carbon in the 
aliquot was measured by titration against 0.5 N ferrous 
sulphate hepta-hydrate solutions. The percentage of organic 
carbon was multiplied by the van Bemmelen factor of 1.73 to 
get the amount of organic matter (Piper, 1950).

Exchangeable Ca, Mg, and K The extractable amount for Ca, Mg, and K were determined 
using atomic absorption spectrometer after these elements 
were extracted from soil using 1M CH3COONH4 at a ratio of 
1:1.0 soil-extractor. (Knudsen et al. 1982)

Available Zn, Cu, Mn, and Fe By using a 0.05M DTPA solution (pH 7.3) and a 1:2 
soil-extractant ratio, these micronutrients were extracted. 
Using atomic absorption spectrometer, the extracted level was 
quanti�ied (Lindsay and Norvell, 1978).



3.1.3 Surface soil pH using KCl as matrix
The mixing ratio of soil and matrix (KCl), time duration and their interaction had 

signi�icant role in pH determination of calcareous surface soil (Table 4). The highest surface 
soil pH value among the three mixing ratios was recorded for the 1:5.0 ratio, while the lowest 
surface soil pH value was for the 1:1.0 ratio. The reading of the soil pH value after 30 minutes 
of soil and KCl (matrix) mixing yielded the greatest value, and the reading after 150 minutes of 
soil and matrix mixing yielded the lowest value (RA150MM). Accordingly, the highest pH was 
observed from the interaction of 1:5.0 - reading after 30 minutes of mixing (RA30MM) 
followed by 1:5.0 - reading after 90 minutes of mixing soil and matrix and 1:1.0 - reading after 
150 minutes of mixing (RA150MM) interaction gave the lowest pH value.

2.2 Experimental design 
Effects of different matrices, their mixing ratios and reading time after soil suspension 

mixing on the pH measurement were studied using factorial complete randomized design 
with six replications. The experiment comprises with two factors viz., three mixing ratios of 
soil and matrices (1:1.0, 1:2.5 and 1:5.0), and three times of reading after mixing of soil and 
matrix (reading after 30 minutes of mixing, RA30MM; reading after 90 minutes of mixing, 
RA90MM; and reading after 150 minutes of mixing, RA150MM). Thus, nine treatment 
combinations were tested.

2.3 Statistical analysis
Data collected on different parameters were subjected to statistical analysis using a 

computer based statistical program R following the basic principles, as outlined by Gomez and 
Gomez (1984). Signi�icant effects of different treatments were determined by analysis of 
variance and treatment means were compared using Duncan’s Multiple Range Test. The 
relationship between measured pH value and other soil characteristics were examined by SPSS.

3. Results

3.1 Effects of different matrices, mixing ratios and time after soil suspension mixing on 
the pH measurement 

3.1.1  Surface soil pH using distilled water as matrix
Surface soil pH was affected signi�icantly by the ratio of soil and water, time duration and 

their interaction (Table 3). Among the  mixing  rat io ,  the highest and lowest pH value was 
recorded for 1:5.0 and 1:1.0 ratios, respectively. In case of time duration, the highest pH value 
was found in 90 minutes after soil and matrix mixing. The lowest pH value was recorded for 
reading after 150 minutes of mixing soil and matrix (RA150MM). In terms of interactions, the 
highest pH value was observed from the interaction between1:5.0-ratio reading after 90 
minutes of mixing soil and matrix while the lowest pH value was found from the interaction 
between 1:1.0 ratio reading after 150 minutes of mixing soil and water.

3.1.2  Sub-surface soil pH using distilled water as matrix
The ratio of soil to water, the duration of time, and their interaction all had signi�icant 

effects on the pH of subsurface soil (Table 3).  In terms of mixing ratios, the 1:5.0 ratio had the 
greatest pH value while the 1:1.0 ratio had the lowest pH value. Following 90 minutes of soil 
and matrix mixing and 150 minutes of soil and matrix mixing, respectively, the readings with 
the highest and lowest pH values were found. The interaction of 1:5.0 ratio –reading after 90 
minutes of mixing (RA90MM) generated the highest pH value (8.69). On the contrary, the 
lowest pH value (8.31) was recorded from the interaction of 1:1.0 – reading after 150 minutes 
of mixing of soil and matrix (water).

In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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3.1.3 Surface soil pH using KCl as matrix
The mixing ratio of soil and matrix (KCl), time duration and their interaction had 

signi�icant role in pH determination of calcareous surface soil (Table 4). The highest surface 
soil pH value among the three mixing ratios was recorded for the 1:5.0 ratio, while the lowest 
surface soil pH value was for the 1:1.0 ratio. The reading of the soil pH value after 30 minutes 
of soil and KCl (matrix) mixing yielded the greatest value, and the reading after 150 minutes of 
soil and matrix mixing yielded the lowest value (RA150MM). Accordingly, the highest pH was 
observed from the interaction of 1:5.0 - reading after 30 minutes of mixing (RA30MM) 
followed by 1:5.0 - reading after 90 minutes of mixing soil and matrix and 1:1.0 - reading after 
150 minutes of mixing (RA150MM) interaction gave the lowest pH value.

2.2 Experimental design 
Effects of different matrices, their mixing ratios and reading time after soil suspension 

mixing on the pH measurement were studied using factorial complete randomized design 
with six replications. The experiment comprises with two factors viz., three mixing ratios of 
soil and matrices (1:1.0, 1:2.5 and 1:5.0), and three times of reading after mixing of soil and 
matrix (reading after 30 minutes of mixing, RA30MM; reading after 90 minutes of mixing, 
RA90MM; and reading after 150 minutes of mixing, RA150MM). Thus, nine treatment 
combinations were tested.

2.3 Statistical analysis
Data collected on different parameters were subjected to statistical analysis using a 

computer based statistical program R following the basic principles, as outlined by Gomez and 
Gomez (1984). Signi�icant effects of different treatments were determined by analysis of 
variance and treatment means were compared using Duncan’s Multiple Range Test. The 
relationship between measured pH value and other soil characteristics were examined by SPSS.

3. Results

3.1 Effects of different matrices, mixing ratios and time after soil suspension mixing on 
the pH measurement 

3.1.1  Surface soil pH using distilled water as matrix
Surface soil pH was affected signi�icantly by the ratio of soil and water, time duration and 

their interaction (Table 3). Among the  mixing  rat io ,  the highest and lowest pH value was 
recorded for 1:5.0 and 1:1.0 ratios, respectively. In case of time duration, the highest pH value 
was found in 90 minutes after soil and matrix mixing. The lowest pH value was recorded for 
reading after 150 minutes of mixing soil and matrix (RA150MM). In terms of interactions, the 
highest pH value was observed from the interaction between1:5.0-ratio reading after 90 
minutes of mixing soil and matrix while the lowest pH value was found from the interaction 
between 1:1.0 ratio reading after 150 minutes of mixing soil and water.

3.1.2  Sub-surface soil pH using distilled water as matrix
The ratio of soil to water, the duration of time, and their interaction all had signi�icant 

effects on the pH of subsurface soil (Table 3).  In terms of mixing ratios, the 1:5.0 ratio had the 
greatest pH value while the 1:1.0 ratio had the lowest pH value. Following 90 minutes of soil 
and matrix mixing and 150 minutes of soil and matrix mixing, respectively, the readings with 
the highest and lowest pH values were found. The interaction of 1:5.0 ratio –reading after 90 
minutes of mixing (RA90MM) generated the highest pH value (8.69). On the contrary, the 
lowest pH value (8.31) was recorded from the interaction of 1:1.0 – reading after 150 minutes 
of mixing of soil and matrix (water).
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In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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Means followed by same letter in a column are not signi�icantly different at 5% level by DMRT, CV = 
Co-ef�icient of variation, 1:1.0, 1:2.5 and1:5.0 denote for the ratio of soil and matrix, RA30MM = Reading 
after30minutesofmixing, RA90MM = Reading after 90 minutes of mixing, RA150MM = Reading after 150 
minutes of mixing.

3.1.4  Sub-surface soil pH using KCl as matrix
Similar to surface soil, sub-surface calcareous soil's pH was strongly in�luenced by the ratio 

of soil to matrix, the duration of time, and the interaction between ratio and passage of time 
(Table 4). The highest soil pH was obtained at a mixing ratio of 1:5.0, and the lowest pH value 
was at a ratio of 1:1.0. The reading with the greatest pH value was taken 30 minutes after the 
soil and KCl had been mixed (RA30MM). Interaction of 1:5.0 and reading after 30 minutes of 
mixing (RA30MM) had the highest pH value followed by 1:5.0-reading after 90 minutes of 
mixing (RA90MM). The lowest pH value was found from the interaction of 1:1.0-reading 
after150 minutes of mixing (RA150MM) soil and KCl.

3.1.5  Surface soil pH using CaCl2 as matrix
Determination of pH of surface soil by using CaCl

2 
as matrix had signi�icantly affected by 

the ratio of soil and matrix (CaCl
2
), time duration of mixing soil and CaCl

2 and their 
interactions (Table 5). In case of ratios of soil and matrix, the highest pH was found for 1:5.0 
ratio while the lowest pH value was in 1:1.0 soil-matrix ratio. In terms of time, the highest pH 
of surface soil was found for reading after 90 minutes of mixing soil and CaCl

2 
(RA1590MM). 

The lowest pH ofsurface soil was recorded for reading after30 minutes of mixing. Accordingly, 
interaction of 1:5.0-reading after 90 minutes of mixing soil and matrix (CaCl

2
) had the highest 

pH value. The lowest pH value was found for the interaction of 1:1.0-reading after 30 minutes 
of mixing of soil and CaCl

2 
matrix.

In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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Means followed by same letter in a column are not signi�icantly different at 5% level by DMRT, 
CV=Co-ef�icient of variation, 1:1.0, 1:2.5 and1:5.0 denote for the ratio of soil and matrix, RA30MM = Reading 
after 30 minutes of mixing, RA90MM = Reading after 90 minutes of mixing, RA150MM = Reading after 150 
minutes of mixing.

3.1.6  Sub-surface soil pH using CaCl
2 as matrix

The effects of soil-matrix (CaCl
2
) ratio, time duration and their interaction on pH value of 

calcareous sub-surface soil were signi�icant (Table 5). The lowest pH value among the three 
ratios was discovered in the 1:1.0 ratio, and the highest pH value was noted for the 1:5.0 ratio. 
For time duration, the highest pH value and the lowest pH value were found from reading after 
90 minutes and 30 minutes of mixing soil and matrix (CaCl

2
). In case of time duration, the 

highest pH value was recorded for the interactionof 1:5.0-reading after 90 minutes of mixing 
soil and matrix (CaCl

2
) (RA90MM) followed by1:5.0-reading after 30 minutes of mixing 
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(RA30MM). The lowest pH value was found from the interaction of 1:1.0-reading after 30 
minutes of mixing soil and matrix (CaCl

2
) (RA30MM).

3.2  Relationship between soil pH and other soil properties
In case of calcareous surface soil, exchangeable Ca has strong positive correlation 

(r=0.96**, 0.98** and 0.99**, respectively) with pHW, pHK and pHCa (Table 6). On the other 
hand, available Zn, Cu, Fe and Mn has strong negative correlation with pHW (r = -0.86*, -0.96**, 
-0.97** and - 0.98**), pHK (r = -0.80*, -0.99**, -0.99** and -1.00**) and pHCa (r= -0.78*, -0.99**, 
-1.00** and -1.00**), respectively.

Accordingly in case of calcareous sub-surface soil, available Ca has strong positive 
correlation (r=0.97**, 0.98** and 0.98**) with pHW, pHK, pHCa (Table 7). Like calcareous surface 
soil, in sub- surface soil, strong negative correlation existed between available Zn, Cu, Fe and 
Mn with pHW (r=-0.92**, -0.99**, -1.00** and -1.00**), pHK (r=-0.92**, -0.99**, -0.99** and 
-1.00**) and pHCa (= -0.92*, -0.99**, -1.00** and -1.00**), respectively.

In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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Means followed by same letter in a column are not signi�icantly different at 5% level by DMRT, 
CV=Co-ef�icient of variation, 1:1.0, 1:2.5 and1:5.0 denote for the ratio of soil and matrix, RA30MM = Reading 
after 30 minutes of mixing, RA90MM = Reading after 90 minutes of mixing, RA150MM = Reading after 150 
minutes of mixing.

3.1.6  Sub-surface soil pH using CaCl
2 as matrix

The effects of soil-matrix (CaCl
2
) ratio, time duration and their interaction on pH value of 

calcareous sub-surface soil were signi�icant (Table 5). The lowest pH value among the three 
ratios was discovered in the 1:1.0 ratio, and the highest pH value was noted for the 1:5.0 ratio. 
For time duration, the highest pH value and the lowest pH value were found from reading after 
90 minutes and 30 minutes of mixing soil and matrix (CaCl

2
). In case of time duration, the 

highest pH value was recorded for the interactionof 1:5.0-reading after 90 minutes of mixing 
soil and matrix (CaCl

2
) (RA90MM) followed by1:5.0-reading after 30 minutes of mixing 

(RA30MM). The lowest pH value was found from the interaction of 1:1.0-reading after 30 
minutes of mixing soil and matrix (CaCl

2
) (RA30MM).

3.2  Relationship between soil pH and other soil properties
In case of calcareous surface soil, exchangeable Ca has strong positive correlation 

(r=0.96**, 0.98** and 0.99**, respectively) with pHW, pHK and pHCa (Table 6). On the other 
hand, available Zn, Cu, Fe and Mn has strong negative correlation with pHW (r = -0.86*, -0.96**, 
-0.97** and - 0.98**), pHK (r = -0.80*, -0.99**, -0.99** and -1.00**) and pHCa (r= -0.78*, -0.99**, 
-1.00** and -1.00**), respectively.

Accordingly in case of calcareous sub-surface soil, available Ca has strong positive 
correlation (r=0.97**, 0.98** and 0.98**) with pHW, pHK, pHCa (Table 7). Like calcareous surface 
soil, in sub- surface soil, strong negative correlation existed between available Zn, Cu, Fe and 
Mn with pHW (r=-0.92**, -0.99**, -1.00** and -1.00**), pHK (r=-0.92**, -0.99**, -0.99** and 
-1.00**) and pHCa (= -0.92*, -0.99**, -1.00** and -1.00**), respectively.

In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.

3.5 System productivity 
System productivity is considered as rice equivalent yield (REY). The REY in four crop 

patterns varied signi�icantly by nutrient treatment in pooled analysis (Table 5). The T4 
package which contained higher dose and cowdung as IPNS basis (16.23 t ha-1) recorded the 
greatest REY among all other packages. The REY in T3 and T2 were 15.47 and 14.99 t ha-1. The 
lowest REY was obtained from farmers business package T5 (12.63 t ha-1). Total productivity 
increased by 28.50%, 22.48%, 18.68% and 12.90% in T4, T3, T2 and T1 over T5, respectively. 
System productivity was observed higher with conjunctive use of higher rate of fertilizer and 
organic manure (CD). The results in the present study are in agreement with the �indings of 
other researchers who also attained maximum crop productivity by combined application of 
chemical fertilizers and manures (Yang et al., 2004; Ra�ique et al., 2012). As organic manure 
not only provides macro and micronutrients and also improves soil physical properties 
(Bhattacharyya et al., 2004) and soil microbial activities (Tiwari et al., 1998).

3.6 Production ef�iciency (PE) 
Production ef�iciency was in�luenced by nutrient treatment (Table 5). The T4 (47.73 kg-1 

ha-1 day-1) gave the maximum PE followed by T3 and T2. The lowest PE was recorded in T5 
(37.14 kg-1 ha-1 day-1). The IPNS with higher rate of nutrient treatment gave the greater PE due 
to higher REY. The result is agreement with the result of another research (Hossain at al., 
2016) who reported higher PE in IPNS treatment with poultry manure.

3.7 Cost and return analysis 
Nutrient packages attributed a remarkable impact on variable cost, gross return, gross 

margin and marginal bene�it cost ratio (MBCR) (Table 5). The variable cost, annual gross 
return and gross margin were considered for choosing suitable technology. In general, higher 
fertilizer doses treatment markedly enhanced the variable cost. Consequently, the T4 had 
higher variable cost (Tk. 62092 ha-1) due to higher cost of fertilizer and manure followed by T2 
(Tk. 49863 ha-1) and T3 (Tk. 43738 ha-1) while farmers fertilizer package (T5) recorded the 
lowest cost because of lower fertilizer inputs. Again, the T4 had higher gross return (Tk. 
342720 ha-1) due to higher crop productivity. The result is agreement with the �inding of 
another scientist (Hossain at al., 2016). The gross margin was the highest in T3 (Tk. 283347 
ha-1) indicating that manure in�luenced the cultivation cost and eventually the gross margin. 
Gross return and gross margin were also the lowest in farmers fertilizer package (T5). MBCR 
was higher in mineral fertilizer packages T3 (2.09) and T1 (2.11). 

3.8 Nutrient Uptake and Apparent Balance

3.8.1 Nitrogen uptake and apparent balance
The availability of N and its uptake and utilization by crops are closely related to 

productivity, but are controlled by numerous abiotic and biotic factors in the soil-plant system, 
including cultivar, fertilizer input, weather, pests and management of soil, crop residue, 

3.2 Effects of nutrient packages on mungbean 
      Nutrient packages in�luenced yield of mungbean (Table 4). The treatments T4 which 

included 25% higher NPK dose and IPNS packages was the best for seed yield of mungbean 
(1.26 t ha-1) among all other treatments.  The second highest yield was 1.16 under the 
treatments T3 while the lowest seed yield (0.88 t ha-1) was found in farmers’ practice 
treatment T5. Treatment T1 and T2 showed statistically different which were 0.99 and 1.08 t 
ha-1, respectively. The highest seed yield in the treatment T4 contributed by higher number of 
pods plant-1, number seed pod-1 and 1000-seed (data not shown). This might also be due to 
residual effect of organic manure in the succeeding crop. Tagoe et al. (2008) also found higher 
seed yield of soybean and cowpea with carbonized chicken manure. However, mungbean yield 
was low in four crop-based patterns. Lower seed yield might be due to environmental factors 
especially continuous rainfall at later stage which hampers pod picking as well as pest 
infestation (Flee beetle, Jasid and Thriphs) at the early and �lowering stage. Stover yield of 
mungbean resembled with the seed yield (Table 4). Consequently, stover yield was the highest 
in T4 and the lowest in T5. Tagoe et al. (2008) also found higher seed yield of soybean and 
cowpea with carbonized chicken manure.

3.3 Yield of T. aus rice 
In the Kharif-I season; T. aus was cultivated in four crop based cropping pattern. Normally 

farmers land remains fallow in the season. Grain and straw yields were found the maximum in 
T4 followed by T3 and T2 with the lowest in T5 (Table 4). Higher grain yields in organic manure 
amended and higher fertilizer treatments were mainly contributed by a greater number of 
tillers hill-1 and higher number of grains panicle-1. Higher grain yield in organic manure 
amended treatments were probably due to the residual effect of cowdung. 

3.4 Yield of T. aman rice 
In the Kharif-II season, T. Aman rice is the common crop in Bangladesh. Nutrient 

treatments had signi�icant impact on grain yield of rice (Table 4). In pooled data, similar to T. 
aus rice the T4 (3.77 t ha-1) gave the greatest grain yield followed by T3 (3.59 t ha-1). The 
farmers package T5 (2.99 t ha-1) showed the lowest grain yield of T. Aman rice. Higher fertilizer 
doses as well as organic amended treatments produced better yield components which 
eventually contributed to higher grain yield. It showed that organics applied to preceding crop 
left signi�icant quantity of nutrient for the succeeding crop. The residual effect of cowdung on 
grain yield of rice during rainy season was almost comparable and signi�icantly higher than 
inorganic indicating slow release of plant nutrient from manure. Hedge (1998) reported that 
organic source of nutrients applied to preceding crop can bene�it the succeeding crop to a 
great extent. The T4 (5.59 t ha-1) also recorded the highest straw yield among all other 
treatments. The T3 (5.46 t ha-1) and T2 (5.43 t ha-1) showed idential straw yield with the lowest 
in T5 (4.92 t ha-1). The T1 recorded 5.22 t ha-1 straw yield. 
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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irrigation, and drainage (Witt et al., 2000; Dobermann and White, 1999; Yadvinder-Singh et al., 
2005; Islam et al., 2018). From pooled data, in mustard, more than 60% of N uptake was 
removed by mustard stover (Table 6). However, total N uptake by mustard ranged from 120 to 
173 kg ha-1, while T4 (grain-56.10 kg ha-1, stover-116.26 kg ha-1) showed the highest N uptake 
followed by T3 (grain-53.11 kg ha-1, straw-105.96 kg ha-1) and the lowest in T5 (grain-44.13 kg 
ha-1, straw-76.15 kg ha-1). These results indicated that N uptake is resembled with crop 
productivity. Similar to mustard, total N uptake by mungbean was also the highest in T4 
(grain-39.69 kg ha-1, stover-38.08 kg ha-1) and the lowest in T5 (grain-27.72 kg ha-1, 
stover-32.96 kg ha-1). The result also revealed that N uptake by mungbean grain and straw was 
almost equal though grain N concentration was higher than that of mungbean stover. Lower 
seed yield of mungbean resulted to lower N uptake by mungbean grain. The T4 also showed the 
maximum N uptake both in T. Aus (grain-74.93 kg ha-1, straw-43.45 kg ha-1) and T. aman rice 
(grain-50.90 kg ha-1, straw-38.69 kg ha-1).

The T3 recorded second highest N uptake both in T. Aus (grain-73.31 kg ha-1, straw-43.04 kg 
ha-1) and T. aman rice (grain-48.47 kg ha-1, straw-37.13 kg ha-1). The lowest N uptake was 
obtained from farmer fertilizer package for both the rice crop. It is mentioned that T. aus 
removed more N than T. aman. The T. aus cultivar, BRRI dahn48 gave more crop yield than that 
of T. aman cultivar BRRI dhan57 resulted to higher N uptake. N uptake by grain in both rice is 
higher than that of straw. Nutrient treatments had an effect on system level grain, straw and total 
N uptake (Table 6). In system level, almost equal amount of N was removed by grain in all the 
treatments. The T4, which included 25% higher NPK as IPNS basis recorded greatest N uptake by 
grain, straw and system level than all other treatments. The T3 showed second highest N uptake 
and the lowest in T5 in system level in said parameters. The T4 showed the highest amount of N 
uptake for all component crops and system level total N uptake while the T5 recorded the lowest 
N uptake. However, the four crop pattern mustard-mungbean-T.aus-T. aman removed on an 
average 350 to 460 kg N ha-1 annually. Total N uptake in system level was greater in higher 
fertilizer rate and integrated nutrient managements, i.e., with conjunctive use of fertilizers and 
organic manures (Ra�ique et al., 2012). As organic manure not only provides stable supply of 
macro-and micronutrients (Kabeerathumma et al., 1993), but also improves soil physical 
properties (Bhattacharyya et al., 2004) and soil microbial activities (Tiwari et al., 1998).  

      Apparent N balance was calculated as the difference between N inputs and N outputs. 
Apparent N balance indicates that N variations were related primarily to applied N from 
different sources, crop N uptake and N losses. Annual system-level N input for T4 was greater 
than all other treatment (Table 7). Apparent N losses increased substantially with input N in 
sequence, demonstrating that N losses were proportional to the rate of fertilizer N. 
Considering non-symbiotic BNF of 40 kg ha-1 for rice crop, symbiotic BNF of 70% of the total N 
uptake by legume crops, and 30% N losses in the balance, the all-nutrient treatments had a 
negative N balance, which ranged from -65 to -74 kg ha-1. However, T1 and T5 showed more 
negative balance -74.15 and -73.55 kg ha-1 (Table 7).
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In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.

3.5 System productivity 
System productivity is considered as rice equivalent yield (REY). The REY in four crop 

patterns varied signi�icantly by nutrient treatment in pooled analysis (Table 5). The T4 
package which contained higher dose and cowdung as IPNS basis (16.23 t ha-1) recorded the 
greatest REY among all other packages. The REY in T3 and T2 were 15.47 and 14.99 t ha-1. The 
lowest REY was obtained from farmers business package T5 (12.63 t ha-1). Total productivity 
increased by 28.50%, 22.48%, 18.68% and 12.90% in T4, T3, T2 and T1 over T5, respectively. 
System productivity was observed higher with conjunctive use of higher rate of fertilizer and 
organic manure (CD). The results in the present study are in agreement with the �indings of 
other researchers who also attained maximum crop productivity by combined application of 
chemical fertilizers and manures (Yang et al., 2004; Ra�ique et al., 2012). As organic manure 
not only provides macro and micronutrients and also improves soil physical properties 
(Bhattacharyya et al., 2004) and soil microbial activities (Tiwari et al., 1998).

3.6 Production ef�iciency (PE) 
Production ef�iciency was in�luenced by nutrient treatment (Table 5). The T4 (47.73 kg-1 

ha-1 day-1) gave the maximum PE followed by T3 and T2. The lowest PE was recorded in T5 
(37.14 kg-1 ha-1 day-1). The IPNS with higher rate of nutrient treatment gave the greater PE due 
to higher REY. The result is agreement with the result of another research (Hossain at al., 
2016) who reported higher PE in IPNS treatment with poultry manure.

3.7 Cost and return analysis 
Nutrient packages attributed a remarkable impact on variable cost, gross return, gross 

margin and marginal bene�it cost ratio (MBCR) (Table 5). The variable cost, annual gross 
return and gross margin were considered for choosing suitable technology. In general, higher 
fertilizer doses treatment markedly enhanced the variable cost. Consequently, the T4 had 
higher variable cost (Tk. 62092 ha-1) due to higher cost of fertilizer and manure followed by T2 
(Tk. 49863 ha-1) and T3 (Tk. 43738 ha-1) while farmers fertilizer package (T5) recorded the 
lowest cost because of lower fertilizer inputs. Again, the T4 had higher gross return (Tk. 
342720 ha-1) due to higher crop productivity. The result is agreement with the �inding of 
another scientist (Hossain at al., 2016). The gross margin was the highest in T3 (Tk. 283347 
ha-1) indicating that manure in�luenced the cultivation cost and eventually the gross margin. 
Gross return and gross margin were also the lowest in farmers fertilizer package (T5). MBCR 
was higher in mineral fertilizer packages T3 (2.09) and T1 (2.11). 

3.8 Nutrient Uptake and Apparent Balance

3.8.1 Nitrogen uptake and apparent balance
The availability of N and its uptake and utilization by crops are closely related to 

productivity, but are controlled by numerous abiotic and biotic factors in the soil-plant system, 
including cultivar, fertilizer input, weather, pests and management of soil, crop residue, 

3.2 Effects of nutrient packages on mungbean 
      Nutrient packages in�luenced yield of mungbean (Table 4). The treatments T4 which 

included 25% higher NPK dose and IPNS packages was the best for seed yield of mungbean 
(1.26 t ha-1) among all other treatments.  The second highest yield was 1.16 under the 
treatments T3 while the lowest seed yield (0.88 t ha-1) was found in farmers’ practice 
treatment T5. Treatment T1 and T2 showed statistically different which were 0.99 and 1.08 t 
ha-1, respectively. The highest seed yield in the treatment T4 contributed by higher number of 
pods plant-1, number seed pod-1 and 1000-seed (data not shown). This might also be due to 
residual effect of organic manure in the succeeding crop. Tagoe et al. (2008) also found higher 
seed yield of soybean and cowpea with carbonized chicken manure. However, mungbean yield 
was low in four crop-based patterns. Lower seed yield might be due to environmental factors 
especially continuous rainfall at later stage which hampers pod picking as well as pest 
infestation (Flee beetle, Jasid and Thriphs) at the early and �lowering stage. Stover yield of 
mungbean resembled with the seed yield (Table 4). Consequently, stover yield was the highest 
in T4 and the lowest in T5. Tagoe et al. (2008) also found higher seed yield of soybean and 
cowpea with carbonized chicken manure.

3.3 Yield of T. aus rice 
In the Kharif-I season; T. aus was cultivated in four crop based cropping pattern. Normally 

farmers land remains fallow in the season. Grain and straw yields were found the maximum in 
T4 followed by T3 and T2 with the lowest in T5 (Table 4). Higher grain yields in organic manure 
amended and higher fertilizer treatments were mainly contributed by a greater number of 
tillers hill-1 and higher number of grains panicle-1. Higher grain yield in organic manure 
amended treatments were probably due to the residual effect of cowdung. 

3.4 Yield of T. aman rice 
In the Kharif-II season, T. Aman rice is the common crop in Bangladesh. Nutrient 

treatments had signi�icant impact on grain yield of rice (Table 4). In pooled data, similar to T. 
aus rice the T4 (3.77 t ha-1) gave the greatest grain yield followed by T3 (3.59 t ha-1). The 
farmers package T5 (2.99 t ha-1) showed the lowest grain yield of T. Aman rice. Higher fertilizer 
doses as well as organic amended treatments produced better yield components which 
eventually contributed to higher grain yield. It showed that organics applied to preceding crop 
left signi�icant quantity of nutrient for the succeeding crop. The residual effect of cowdung on 
grain yield of rice during rainy season was almost comparable and signi�icantly higher than 
inorganic indicating slow release of plant nutrient from manure. Hedge (1998) reported that 
organic source of nutrients applied to preceding crop can bene�it the succeeding crop to a 
great extent. The T4 (5.59 t ha-1) also recorded the highest straw yield among all other 
treatments. The T3 (5.46 t ha-1) and T2 (5.43 t ha-1) showed idential straw yield with the lowest 
in T5 (4.92 t ha-1). The T1 recorded 5.22 t ha-1 straw yield. 
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 

Acknowledgement
The authors are grateful to Sylhet Agricultural University Research System (SAURES) for 

the �inancial support to successfully complete this research.

Con�licts of Interest
The authors declare no con�licts of interest regarding publication of this paper.

References 
Aitken, R.L., Moody, P.W. and Mckinley, P.G. 1990. Lime requirement of acidic Queensland soils 

I. Relationships between soil properties and pH buffer capacity. Aus. J. Soil Res. 28: 
695-701.

123

irrigation, and drainage (Witt et al., 2000; Dobermann and White, 1999; Yadvinder-Singh et al., 
2005; Islam et al., 2018). From pooled data, in mustard, more than 60% of N uptake was 
removed by mustard stover (Table 6). However, total N uptake by mustard ranged from 120 to 
173 kg ha-1, while T4 (grain-56.10 kg ha-1, stover-116.26 kg ha-1) showed the highest N uptake 
followed by T3 (grain-53.11 kg ha-1, straw-105.96 kg ha-1) and the lowest in T5 (grain-44.13 kg 
ha-1, straw-76.15 kg ha-1). These results indicated that N uptake is resembled with crop 
productivity. Similar to mustard, total N uptake by mungbean was also the highest in T4 
(grain-39.69 kg ha-1, stover-38.08 kg ha-1) and the lowest in T5 (grain-27.72 kg ha-1, 
stover-32.96 kg ha-1). The result also revealed that N uptake by mungbean grain and straw was 
almost equal though grain N concentration was higher than that of mungbean stover. Lower 
seed yield of mungbean resulted to lower N uptake by mungbean grain. The T4 also showed the 
maximum N uptake both in T. Aus (grain-74.93 kg ha-1, straw-43.45 kg ha-1) and T. aman rice 
(grain-50.90 kg ha-1, straw-38.69 kg ha-1).

The T3 recorded second highest N uptake both in T. Aus (grain-73.31 kg ha-1, straw-43.04 kg 
ha-1) and T. aman rice (grain-48.47 kg ha-1, straw-37.13 kg ha-1). The lowest N uptake was 
obtained from farmer fertilizer package for both the rice crop. It is mentioned that T. aus 
removed more N than T. aman. The T. aus cultivar, BRRI dahn48 gave more crop yield than that 
of T. aman cultivar BRRI dhan57 resulted to higher N uptake. N uptake by grain in both rice is 
higher than that of straw. Nutrient treatments had an effect on system level grain, straw and total 
N uptake (Table 6). In system level, almost equal amount of N was removed by grain in all the 
treatments. The T4, which included 25% higher NPK as IPNS basis recorded greatest N uptake by 
grain, straw and system level than all other treatments. The T3 showed second highest N uptake 
and the lowest in T5 in system level in said parameters. The T4 showed the highest amount of N 
uptake for all component crops and system level total N uptake while the T5 recorded the lowest 
N uptake. However, the four crop pattern mustard-mungbean-T.aus-T. aman removed on an 
average 350 to 460 kg N ha-1 annually. Total N uptake in system level was greater in higher 
fertilizer rate and integrated nutrient managements, i.e., with conjunctive use of fertilizers and 
organic manures (Ra�ique et al., 2012). As organic manure not only provides stable supply of 
macro-and micronutrients (Kabeerathumma et al., 1993), but also improves soil physical 
properties (Bhattacharyya et al., 2004) and soil microbial activities (Tiwari et al., 1998).  

      Apparent N balance was calculated as the difference between N inputs and N outputs. 
Apparent N balance indicates that N variations were related primarily to applied N from 
different sources, crop N uptake and N losses. Annual system-level N input for T4 was greater 
than all other treatment (Table 7). Apparent N losses increased substantially with input N in 
sequence, demonstrating that N losses were proportional to the rate of fertilizer N. 
Considering non-symbiotic BNF of 40 kg ha-1 for rice crop, symbiotic BNF of 70% of the total N 
uptake by legume crops, and 30% N losses in the balance, the all-nutrient treatments had a 
negative N balance, which ranged from -65 to -74 kg ha-1. However, T1 and T5 showed more 
negative balance -74.15 and -73.55 kg ha-1 (Table 7).

pH values of calcareous soils



In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.

3.5 System productivity 
System productivity is considered as rice equivalent yield (REY). The REY in four crop 

patterns varied signi�icantly by nutrient treatment in pooled analysis (Table 5). The T4 
package which contained higher dose and cowdung as IPNS basis (16.23 t ha-1) recorded the 
greatest REY among all other packages. The REY in T3 and T2 were 15.47 and 14.99 t ha-1. The 
lowest REY was obtained from farmers business package T5 (12.63 t ha-1). Total productivity 
increased by 28.50%, 22.48%, 18.68% and 12.90% in T4, T3, T2 and T1 over T5, respectively. 
System productivity was observed higher with conjunctive use of higher rate of fertilizer and 
organic manure (CD). The results in the present study are in agreement with the �indings of 
other researchers who also attained maximum crop productivity by combined application of 
chemical fertilizers and manures (Yang et al., 2004; Ra�ique et al., 2012). As organic manure 
not only provides macro and micronutrients and also improves soil physical properties 
(Bhattacharyya et al., 2004) and soil microbial activities (Tiwari et al., 1998).

3.6 Production ef�iciency (PE) 
Production ef�iciency was in�luenced by nutrient treatment (Table 5). The T4 (47.73 kg-1 

ha-1 day-1) gave the maximum PE followed by T3 and T2. The lowest PE was recorded in T5 
(37.14 kg-1 ha-1 day-1). The IPNS with higher rate of nutrient treatment gave the greater PE due 
to higher REY. The result is agreement with the result of another research (Hossain at al., 
2016) who reported higher PE in IPNS treatment with poultry manure.

3.7 Cost and return analysis 
Nutrient packages attributed a remarkable impact on variable cost, gross return, gross 

margin and marginal bene�it cost ratio (MBCR) (Table 5). The variable cost, annual gross 
return and gross margin were considered for choosing suitable technology. In general, higher 
fertilizer doses treatment markedly enhanced the variable cost. Consequently, the T4 had 
higher variable cost (Tk. 62092 ha-1) due to higher cost of fertilizer and manure followed by T2 
(Tk. 49863 ha-1) and T3 (Tk. 43738 ha-1) while farmers fertilizer package (T5) recorded the 
lowest cost because of lower fertilizer inputs. Again, the T4 had higher gross return (Tk. 
342720 ha-1) due to higher crop productivity. The result is agreement with the �inding of 
another scientist (Hossain at al., 2016). The gross margin was the highest in T3 (Tk. 283347 
ha-1) indicating that manure in�luenced the cultivation cost and eventually the gross margin. 
Gross return and gross margin were also the lowest in farmers fertilizer package (T5). MBCR 
was higher in mineral fertilizer packages T3 (2.09) and T1 (2.11). 

3.8 Nutrient Uptake and Apparent Balance

3.8.1 Nitrogen uptake and apparent balance
The availability of N and its uptake and utilization by crops are closely related to 

productivity, but are controlled by numerous abiotic and biotic factors in the soil-plant system, 
including cultivar, fertilizer input, weather, pests and management of soil, crop residue, 

3.2 Effects of nutrient packages on mungbean 
      Nutrient packages in�luenced yield of mungbean (Table 4). The treatments T4 which 

included 25% higher NPK dose and IPNS packages was the best for seed yield of mungbean 
(1.26 t ha-1) among all other treatments.  The second highest yield was 1.16 under the 
treatments T3 while the lowest seed yield (0.88 t ha-1) was found in farmers’ practice 
treatment T5. Treatment T1 and T2 showed statistically different which were 0.99 and 1.08 t 
ha-1, respectively. The highest seed yield in the treatment T4 contributed by higher number of 
pods plant-1, number seed pod-1 and 1000-seed (data not shown). This might also be due to 
residual effect of organic manure in the succeeding crop. Tagoe et al. (2008) also found higher 
seed yield of soybean and cowpea with carbonized chicken manure. However, mungbean yield 
was low in four crop-based patterns. Lower seed yield might be due to environmental factors 
especially continuous rainfall at later stage which hampers pod picking as well as pest 
infestation (Flee beetle, Jasid and Thriphs) at the early and �lowering stage. Stover yield of 
mungbean resembled with the seed yield (Table 4). Consequently, stover yield was the highest 
in T4 and the lowest in T5. Tagoe et al. (2008) also found higher seed yield of soybean and 
cowpea with carbonized chicken manure.

3.3 Yield of T. aus rice 
In the Kharif-I season; T. aus was cultivated in four crop based cropping pattern. Normally 

farmers land remains fallow in the season. Grain and straw yields were found the maximum in 
T4 followed by T3 and T2 with the lowest in T5 (Table 4). Higher grain yields in organic manure 
amended and higher fertilizer treatments were mainly contributed by a greater number of 
tillers hill-1 and higher number of grains panicle-1. Higher grain yield in organic manure 
amended treatments were probably due to the residual effect of cowdung. 

3.4 Yield of T. aman rice 
In the Kharif-II season, T. Aman rice is the common crop in Bangladesh. Nutrient 

treatments had signi�icant impact on grain yield of rice (Table 4). In pooled data, similar to T. 
aus rice the T4 (3.77 t ha-1) gave the greatest grain yield followed by T3 (3.59 t ha-1). The 
farmers package T5 (2.99 t ha-1) showed the lowest grain yield of T. Aman rice. Higher fertilizer 
doses as well as organic amended treatments produced better yield components which 
eventually contributed to higher grain yield. It showed that organics applied to preceding crop 
left signi�icant quantity of nutrient for the succeeding crop. The residual effect of cowdung on 
grain yield of rice during rainy season was almost comparable and signi�icantly higher than 
inorganic indicating slow release of plant nutrient from manure. Hedge (1998) reported that 
organic source of nutrients applied to preceding crop can bene�it the succeeding crop to a 
great extent. The T4 (5.59 t ha-1) also recorded the highest straw yield among all other 
treatments. The T3 (5.46 t ha-1) and T2 (5.43 t ha-1) showed idential straw yield with the lowest 
in T5 (4.92 t ha-1). The T1 recorded 5.22 t ha-1 straw yield. 
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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irrigation, and drainage (Witt et al., 2000; Dobermann and White, 1999; Yadvinder-Singh et al., 
2005; Islam et al., 2018). From pooled data, in mustard, more than 60% of N uptake was 
removed by mustard stover (Table 6). However, total N uptake by mustard ranged from 120 to 
173 kg ha-1, while T4 (grain-56.10 kg ha-1, stover-116.26 kg ha-1) showed the highest N uptake 
followed by T3 (grain-53.11 kg ha-1, straw-105.96 kg ha-1) and the lowest in T5 (grain-44.13 kg 
ha-1, straw-76.15 kg ha-1). These results indicated that N uptake is resembled with crop 
productivity. Similar to mustard, total N uptake by mungbean was also the highest in T4 
(grain-39.69 kg ha-1, stover-38.08 kg ha-1) and the lowest in T5 (grain-27.72 kg ha-1, 
stover-32.96 kg ha-1). The result also revealed that N uptake by mungbean grain and straw was 
almost equal though grain N concentration was higher than that of mungbean stover. Lower 
seed yield of mungbean resulted to lower N uptake by mungbean grain. The T4 also showed the 
maximum N uptake both in T. Aus (grain-74.93 kg ha-1, straw-43.45 kg ha-1) and T. aman rice 
(grain-50.90 kg ha-1, straw-38.69 kg ha-1).

The T3 recorded second highest N uptake both in T. Aus (grain-73.31 kg ha-1, straw-43.04 kg 
ha-1) and T. aman rice (grain-48.47 kg ha-1, straw-37.13 kg ha-1). The lowest N uptake was 
obtained from farmer fertilizer package for both the rice crop. It is mentioned that T. aus 
removed more N than T. aman. The T. aus cultivar, BRRI dahn48 gave more crop yield than that 
of T. aman cultivar BRRI dhan57 resulted to higher N uptake. N uptake by grain in both rice is 
higher than that of straw. Nutrient treatments had an effect on system level grain, straw and total 
N uptake (Table 6). In system level, almost equal amount of N was removed by grain in all the 
treatments. The T4, which included 25% higher NPK as IPNS basis recorded greatest N uptake by 
grain, straw and system level than all other treatments. The T3 showed second highest N uptake 
and the lowest in T5 in system level in said parameters. The T4 showed the highest amount of N 
uptake for all component crops and system level total N uptake while the T5 recorded the lowest 
N uptake. However, the four crop pattern mustard-mungbean-T.aus-T. aman removed on an 
average 350 to 460 kg N ha-1 annually. Total N uptake in system level was greater in higher 
fertilizer rate and integrated nutrient managements, i.e., with conjunctive use of fertilizers and 
organic manures (Ra�ique et al., 2012). As organic manure not only provides stable supply of 
macro-and micronutrients (Kabeerathumma et al., 1993), but also improves soil physical 
properties (Bhattacharyya et al., 2004) and soil microbial activities (Tiwari et al., 1998).  

      Apparent N balance was calculated as the difference between N inputs and N outputs. 
Apparent N balance indicates that N variations were related primarily to applied N from 
different sources, crop N uptake and N losses. Annual system-level N input for T4 was greater 
than all other treatment (Table 7). Apparent N losses increased substantially with input N in 
sequence, demonstrating that N losses were proportional to the rate of fertilizer N. 
Considering non-symbiotic BNF of 40 kg ha-1 for rice crop, symbiotic BNF of 70% of the total N 
uptake by legume crops, and 30% N losses in the balance, the all-nutrient treatments had a 
negative N balance, which ranged from -65 to -74 kg ha-1. However, T1 and T5 showed more 
negative balance -74.15 and -73.55 kg ha-1 (Table 7).
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