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Abstract 

Soil sodicity and salinity frequently limit yields in the production of sugarcane in irrigated 

areas. Diagnosis and effective management of these problems are contingent on the accurate 

analysis of samples submitted to soil testing services. The traditional saturated paste method 

of analysis, although reliable, is particularly time consuming and laborious. In this study, we 

investigated the possibility of ‘screening’ soil samples for salt problems on the basis of 

electrical conductivity in a 1:5 soil:water extract (1 hour shaking; termed EC1:5), exchangeable 

sodium percentage (ESP) determined from the exchangeable cation suite, and by predictions 

based on mid-infrared (MIR) spectroscopy. The EC1:5 study was based on 699 samples drawn 

from batches submitted to the Fertiliser Advisory Service at the South African Sugarcane 

Research Institute, from southern and central Africa. Saturated paste electrical conductivity 

(ECe) and EC1:5 were closely related (R2=0.82), as was sodium adsorption ratio (SAR) and ESP 

(R2=0.86). A subset (n=160) of the samples was used in the development of MIR calibrations. 

Predictions of ECe, EC1:5, SAR and ESP were excellent, with R2 values of ≥0.90. These 

findings indicate that samples submitted for salinity analyses may be reliably screened for salt 

problems using either 1:5 soil:water analysis or MIR spectroscopy. This approach offers 

significant advantages in terms of convenience and speed in a high throughput service such as 

the FAS. 
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Introduction 

Excessive salinity and sodicity in soils may result in significantly reduced crop yields. In 

southern Africa, the occurrence of these problems is restricted mainly to the irrigated (drier) 

areas. Salinity is defined as the presence of an excess of soluble salts in the soil; this has a 

direct impact on plant growth through lowering the osmotic potential of the soil water, thereby 

making it difficult for roots to extract water (Brady and Weil, 2008). In the case of sodicity, 

the impact on yields is through the excessive levels of sodium resulting in the physical 

degradation of soils (dispersion, surface crusting, reduced infiltration and hydraulic 

conductivity). 
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Diagnosis and effective management of salinity and sodicity problems are contingent on the 

reliable analysis of samples submitted to analytical laboratories. Soil testing services in 

southern Africa have traditionally made use of the saturation extract method in assessing salt 

problems. Although reliable and closely approximating field conditions (Shaw, 1999), this 

method is time consuming and laborious. The latter consideration has led many testing services 

in overseas countries to revert to a 1:5 soil:water suspension, with a relatively short 

equilibration time, for the measurement of soil salt problems (Shaw, 1999; Hazelton and 

Murphy, 2007). In addition, in Australia, MIR spectroscopy has been successfully used to 

predict soil salt parameters (McKenzie et al., 2003). In this paper we report on relationships 

between these various techniques for a wide range of soils, and consider the possibilities for 

their use in a high throughput laboratory. 

 

 

Materials and Methods 

 

Samples (n=699) submitted to FAS for salinity analysis from various commercial sugarcane 

estates in South Africa, Malawi and Mozambique were used in the investigation. The soils 

varied from sands to heavy clays. Methods and calculations were as follows: 

 

 Exchangeable cations were determined by extraction with NH4HCO3/NH4F/EDTA (Ambic 

extract). Exchangeable sodium percentage (ESP) was calculated from the exchangeable 

cations (in cmolc per litre of soil; extraction on a volume basis) by the equation: 

ESP = Na/total exchangeable cations*100 

 

 Saturation extract measurements (cations, ECe) were carried out on solutions extracted 

under vacuum following overnight equilibration of soils wetted to a paste consistency. 

Sodium adsorption ratio (SAR) was calculated from the concentrations (cmolc/L) of cations 

in the saturation extract by the equation: 

SAR = Na/√((Ca + Mg)/2) 

 

 For the determination of EC1:5, 10 g soil was shaken with 50 mL of deionized water for 1 

hour, and electrical conductivity determined in the supernatant solution after a 30 min 

settling period. 

 

 In the MIR investigations, the instrument used was a Bruker Optics Tensor II, which 

employed Opus software using partial least squares analysis for data processing. These 

calibrations were developed on a subset (from Mozambique and South Africa; n = 163) of 

the samples.  

 

Results and Discussion 

 

Electrical conductivity in the 1:5 water extract (EC1:5) and that in the saturated paste (ECe) for 

all samples included in the study were linearly related (R2=0.82; Figure 1a). The strength of 

this relationship suggests that the more rapid EC1:5 measurement could be used with reasonable 

confidence to ‘screen out’ samples not requiring analysis by the saturated paste method. A high 

correlation between these measurements has been reported elsewhere, although it has been 

found that the inclusion of a factor for soil texture is necessary to reliably predict ECe from 

EC1:5 (Slavich and Petterson, 1993; Shaw, 1999). In our study, textural data were not available 
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for most samples; however, inclusion of soil disturbed volume weight (as a proxy for texture) 

did not significantly improve the regression model. 

 

A strong relationship existed between SAR and ESP (R2=0.86), although for SAR values below 

about 15, there was considerable spread in the data (Figure 1b). Use of multiple regression with 

routinely measured soil parameters did not improve the prediction of SAR. It has been widely 

noted that the relationship between SAR and ESP is determined by the Gapon cation exchange 

equilibrium constant which is related to the amounts and types of clay and organic matter in 

soils; thus an exact relationship between these parameters does not exist (Sposito and Mattigod, 

1977; Harron et al., 1983; Koppitke and Menzies, 2006; Keren, 2012). 

 

 

  

Figure 1. Relationships between EC1:5 and ECe (a), and 

SAR and ESP (b) for the soils included in the study. 

 

 

The MIR calibrations for ECe, EC1:5, SAR and ESP all had R2 values of ≥0.90. The calibrations 

for ECe and SAR are presented in Figure 2. The standard errors of cross-validation were 73.9 

for ECe and 3.5 for SAR. These standard errors are sufficiently low to suggest that the 

calibrations have definite practical utilities. There is, however, a need for these calibrations to 

be verified using larger data sets. 
 

 

Figure 2. Mid-infrared calibrations for ECe (a) and SAR (b) 

(RPD = ratio of standard deviation of soil measured reference 

values to root mean square error of prediction). 

 

y = 2.3127x + 22.942
R² = 0.82

0

100

200

300

400

500

600

700

0 50 100 150 200 250 300

E
C

e
 (
m

S
/m

)

EC1:5 (mS/m)

(a)

y = 1.8643x + 0.3772
R² = 0.86

0

5

10

15

20

25

30

35

40

45

50

0 5 10 15 20 25 30

E
S

P

SAR

(b)

y = 0.8981x + 10.572
R² = 0.90
RPD = 3.1

-100

100

300

500

700

900

1100

0 200 400 600 800 1000

P
re

d
ic

te
d

 E
C

e
 (

m
S

/m
)

Measured ECe (mS/m)

(a)

y = 0.9268x + 0.5353
R² = 0.93
RPD = 3.7

-5

0

5

10

15

20

25

30

35

40

0 10 20 30 40

P
re

d
ic

te
d

 S
A

R
 

Measured SAR

(b)

Miles N et al Proc S Afr Sug Technol Ass (2016) 89: 181-185

183



Conclusions 

 

The investigations reported in this paper indicate that because of convenience and speed, both 

the EC1:5 measurement as well as the use of MIR offer attractive alternatives to the laborious 

saturated paste method for characterising soil salt problems. In FAS, all soil samples are in any 

event currently scanned by MIR for clay and organic matter determinations; the use of MIR 

for generating salt-related parameters would thus imply no additional work. 

 

The findings present three alternatives for expediting the analysis of soil samples for salinity 

and sodicity problems: 

 

1. Using the relationships presented to ‘screen out’ soils with no salt problems, thereby 

limiting saturated paste measurements to only salt-affected soils. 

2. To directly assess salinity and sodicity from MIR and exchangeable cation analyses based 

on the relationships presented here. 

3. To use a combination of MIR, EC1:5 and exchangeable cation data to evaluate soil salt 

status. 

 

The latter two approaches are particularly attractive in that they would imply a discontinuation 

of the laborious saturated paste methodology. 
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