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Abstract 
 
Evidence that elevated plant silicon (Si) levels reduce biotic stresses accounts largely for 
the current intense interest in the Si nutrition of sugarcane in South Africa. In terms of 
managing Si supplies to the crop uncertainties exist regarding, firstly, the reserves of 
plant-available Si in soils of the industry, and secondly, the reliability of soil test methods 
for predicting Si availability. Extractable Si was measured in 112 soils collected from 
sugarcane producing fields in South Africa. The regions sampled included the midlands, 
coastal areas and irrigated north. Extractants employed were 0.01 M CaCl2 and 0.02 N 
H2SO4. Extractable Si levels varied widely in the soils, with lowest values being found in 
the midlands and coastal areas. Soils from the irrigated north and the Umfolozi area were 
high in extractable Si. Sugarcane leaf Si concentrations from 28 sites were related to soil 
extractable Si levels. The CaCl2 soil test proved markedly superior to H2SO4 as a 
predicative test for leaf Si. 
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Introduction 
 
Yield responses of sugarcane to applied silicon (Si) are widely documented (Korndorfer 
and Lepsch, 2001). However, the current intense interest in the Si nutrition of sugarcane 
in South Africa is due largely to mounting evidence that elevated plant Si levels reduce 
biotic stresses (Savant et al., 1999). In the South African sugar industry, routine analysis 
of grower-submitted leaf samples reflects wide variations in leaf Si concentrations (van 
der Laan and Miles, 2010). Low leaf Si concentrations (<0.75%) occur in the midlands 
and coastal areas, while in the northern irrigated areas concentrations are relatively high 
(>1.0%). In areas where the crop is deficient in Si, there is a requirement for augmenting 
soil Si supplies through fertilisation. In this respect, growers and their advisers have 
expressed the need for soil testing for Si to be introduced as a routine procedure for all 
samples submitted to the Fertiliser Advisory Service laboratory at SASRI. 
 
This study deals with (a) an evaluation of extractable Si levels in representative soils of 
the sugarcane industry in South Africa, and (b) the calibration of soil test extractants for 
the prediction of Si uptake by sugarcane. 
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Materials and Methods 
 
For the measurement of extractable Si levels in soils of the industry, topsoil (0-200 mm) 
samples were collected from 112 sugarcane fields distributed throughout the sugarcane 
producing areas of South Africa. These soils ranged in clay content from 5 to 72%, in 
organic carbon from 0.5 to 9.7% and in pH(water) from 4.5 to 7.4. Extractable Si was 
measured in the soils using two extractants: 0.02 N H2SO4 (1:10 soil:solution, 20 min 
shaking) and 0.01 M CaCl2 (1:10 soil:solution, 16 h shaking). The Si extracted was 
measured colorimetrically as molybdosilicate at 660 nm. 
 
For the purpose of soil test calibrations, leaf samples were collected from 28 sites located 
throughout the cane growing areas. These samples comprised the top visible dewlap leaf, 
and were taken from actively growing crops, between four and seven months of age, and 
well supplied with N. Leaves were analysed for their Si content using X-ray fluorescence. 
In addition to the extractants detailed above, 0.001 M CaCl2 (1:10 soil:solution, 16 h 
shaking) and 0.01 M CaCl2 (1:2.5 soil:solution, 30 min shaking) were also included in the 
calibration study. 
 

Results and Discussion 
 
Silicon in soils of the sugar industry 
In most soils, and in particular those from the northern areas, CaCl2 extracted less Si than 
H2SO4. Extractable Si levels using the two tests were related as follows: y=0.336x + 
11.48, where y is CaCl2 −Si and x is H2SO4 –Si (R2=0.67). Median extractable Si levels in 
various areas of the industry are shown in Figure 1. These data separate into two obvious 
groupings: high Si levels in the northern irrigated areas and Umfolosi, and low levels in 
the remainder of the industry. It is noteworthy that these variations in soil extractable Si 
are essentially consistent with the variations in leaf Si across the industry as reported by 
van der Laan and Miles (2010). 
 
 

 
 

Figure 1. Median sulphuric acid and calcium chloride extractable soil  
silicon for selected regions of the South African sugar industry. 
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A number of soil properties were found to be significantly correlated with extractable Si, 
including pH and various combinations of exchangeable cations. For both soil extractants, 
highest correlations were with ΣCa+Mg+K (r for H2SO4=0.820** and for CaCl2= 
0.762**), reflecting the higher Si reserves in less weathered, high base status soils. 
 
Relationships of extractable soil silicon with leaf silicon 
Leaf Si concentrations from the 28 sites sampled ranged from 0.10% to 2.13%, with a 
median of 0.42%. Coefficients of determination for relationships between extractable Si 
in soil samples taken from these sites and leaf Si concentrations are presented in Table 1. 
Of the four extraction methods employed, H2SO4 performed worst in terms of predicting 
leaf Si (R2=0.478). Best fits were obtained with 0.01 M CaCl2 and 0.001 M CaCl2 with 
16 h shaking (R2=0.770 and 0.762, respectively). In studies undertaken in the Australian 
sugar industry, Berthelson et al. (2001) also found that dilute H2SO4 was markedly 
inferior to 0.01 M CaCl2 as a test for plant available Si. 
 

Table 1. Coefficients of determination for relationships between  
leaf silicon and soil silicon extracted by different methods. 

Soil extraction method Coefficient of determination 
(R2) 

0.02 N H2SO4 (20 min) 0.478 
0.01 M CaCl2 (16 h) 0.770 
0.001 M CaCl2 (16 h) 0.762 
0.01 M CaCl2 (30 min) 0.648 

 
A disadvantage of the dilute CaCl2 extraction method in terms of its use in a routine 
laboratory is the need for overnight shaking. For this reason 0.01 M CaCl2 (1:2.5 
soil:solution, 30 min shaking) was included for evaluation in this study, since this is the 
methodology which is widely used for soil pH determination, and its suitability as a Si 
test would therefore imply massive cost and labour savings in a high-throughput 
laboratory. With an R2 of 0.648, this test was inferior to the 16 h extractions, yet 
markedly better than H2SO4. Clearly, the possible adaption of the pH extraction 
procedure to accommodate the requirements of a Si soil test warrants further 
investigation. 
 

Conclusions 
 
Data presented here highlight the massive differences in Si reserves in soils of the sugar 
industry. Of concern is evidence of prohibitively low Si levels in the coastal and midlands 
areas. In this respect there is an urgent need for the identification of cost effective 
ameliorative practices to address deficiencies of this element. 
 
Indications are that dilute CaCl2 is a useful extractant for the measurement of plant-
available Si reserves in the soil. Information reported in this paper suggests that overnight 
extraction with CaCl2 may not be necessary, and that with shorter extraction times this 
test may be eminently suited for use in a high sample volume routine laboratory. 
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