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Abstract 

 

Pests and diseases cause major production and economic losses in sugarcane cropping 

systems. The most effective form of long-term protection is through the use of resistant 

varieties. However, phenotyping sugarcane genotypes for pest and disease resistance is 

difficult and costly. Near-infrared reflectance (NIR) spectroscopy was investigated for its 

potential to predict the constitutive components of resistance to pests and diseases in 

germplasm in the South African sugarcane breeding programme. Two hundred and twenty-

two genotypes were scanned over the 1100-2300 nm wavelength range using a fiber-optic 

probe. Partial least square (PLS) regressions were applied to bud, internode and leaf spectra 

that were pretreated (second derivative) and scatter-corrected (SNV and de-trending). 

Calibration models resulting from the correlations between NIR measurements and existing 

ratings gave coefficients of determination for calibration (R
2
c, the closer to one the better) 

and standard errors of prediction by leverage correction (SEP, the lower the better) of 0.72 

(SEP 1.19) for the African stalk borer (Eldana saccharina), 0.62 (SEP 1.50) for smut 

(Sporisorium scitamineum), 0.62 (SEP 1.07) for sugarcane thrips (Fulmekiola serrata) and 

0.67 (SEP 1.02) for brown rust (Puccinia melanocephala) ratings respectively. Performance 

of the calibration models in prediction are encouraging and demonstrate the potential of NIR 

spectroscopy as a high-throughput screening method to evaluate sugarcane genotypes for 

resistance to pests and diseases. We believe that NIR spectroscopy can be used as an 

additional screening method, in the early selection stages of the breeding programme, which 

should increase the proportion of resistant genotypes carried forward to later selection stages. 

 
Keywords: African stalk borer (Eldana saccharina), smut (Sporisorium scitamineum), brown rust 

(Puccinia melanocephala), sugarcane thrips (Fulmekiola serrata), constitutive resistance. 

 

 

Introduction 

 

Sugarcane suffers from a multitude of pests and diseases which can cause severe damage and 

lead to significant yield losses.  Pests and diseases that impact significantly on the sugarcane 

industry in South Africa include the African stalk borer (Eldana saccharina), smut 

(Sporisorium scitamineum), sugarcane thrips (Fulmekiola serrata) and brown rust (Puccinia 

melanocephala). Variety resistance to these pests and diseases are selection criteria in the 
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plant breeding programme at the South African Sugarcane Research Institute (SASRI). The 

release of better performing and resistant varieties is a prerequisite for maintaining 

satisfactory production levels for growers and for long-term sustainability. However, 

selection of genotypes for resistance (phenotyping) remains difficult and costly in initial 

selection stages, due to (i) the large numbers of clones (35 000 per site in the second stage) 

and (ii) technical complexities in ensuring even pest and disease exposure levels in field trials 

carried out over several years. Consequently, many susceptible genotypes are carried to late 

selection stages before they are rejected. It would therefore be desirable to develop rapid 

methods for phenotyping large numbers of genotypes in the earlier stages of the selection 

programme. 

 

Chemical composition of the plant surface (cutin and waxes), and of underlying layers 

(epidermis, cell wall) are key factors involved in plant/pathogen and plant/pest interactions 

(Eigenbrode and Espelie, 1995; Gniwotta et al., 2005; Santiago et al., 2011). However, the 

techniques currently used in metabolic and component profiling (e.g. GC-MS and HPLC-

MS) do not allow for the rapid screening of large numbers of genotypes (Rutherford and van 

Staden, 1996). Furthermore, NIR spectroscopy has been widely deployed as a suitable 

technique for the analysis of organic components in agricultural products (Batten, 1998). In 

the early 1990s, SASRI initiated a project aimed at relating transmission NIR spectroscopy 

measurements and chemical analysis of internode wax and bud scale extracts from sugarcane 

genotypes with their resistance ratings to Eldana saccharina (eldana) (Rutherford and van 

Staden, 1996; Rutherford, 1998). More recently, the Bureau of Sugar Experiment Stations 

Ltd in Australia initiated similar work using fiber-optic reflectance NIR spectroscopy to 

predict resistance ratings for Fiji leaf gall (Purcell et al., 2005; Purcell et al., 2009) and smut 

(Churchill et al., 2006; Purcell et al., 2010). 

 

The objectives of this study are (i) to determine whether generic analysis of sugarcane 

surfaces using fiber-optic reflectance NIR spectroscopy can be correlated with actual 

resistance ratings for pests and diseases, and (ii) to validate the predictive NIR models on a 

set of external genotypes (omitted from the calibration set). 

 

 

Materials and Methods 

 

Plant sampling 

Smut and eldana. Two primary sugarcane stalks were collected twice (July and October, 

2012) from 122 genotypes planted in a field collection at SASRI in Mount Edgecombe, 

KwaZulu-Natal, South Africa). Ten clones were sampled per day and taken to the laboratory. 

 

Rust and thrips. Leaves with the terminal visible dewlap (TVD) were collected once (January 

2012) from 90 genotypes planted in two field trials (SASRI Mount Edgecombe and Kearsney 

Experimental Farm, respectively) arranged as randomised complete block designs with five 

replications. Plants were chosen randomly within each replicate and, from the primary shoot, 

the TVD leaf was cut at the base of the blade. Leaf cuttings were inserted into a labelled 

plastic scabbard before being placed in a cooler-box containing ice and taken to the 

laboratory. 

 

Sampling and analyses of the stalks and the leaves were conducted on the same day to avoid 

deterioration of the plant material. 
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Sample preparation and NIR spectra acquisition 

Smut and eldana. To prepare stalk samples for scanning, the TVD leaf (assigned leaf #1) was 

identified and used to number internodes and buds. The remaining green leaves were 

arranged in increasing order up to leaf #4. The node associated with leaf #4 was assumed to 

be the natural breaking point (NBP). The remaining leaves under the NBP were carefully 

removed. Plant samples were separated at the NBP and the lower, millable stalk was retained 

and labelled before undergoing NIR spectroscopy analysis. Internodes #6 and #7 and their 

corresponding buds were scanned by positioning the desired scanning sites of the stalk 

against the probe, as described by Churchill et al. (2006). 

 

Rust and thrips. To prepare leaf samples for scanning, TVD leaves were carefully blotted dry 

and scanned by positioning the desired scanning sites of the leaf against the probe, as 

described by Purcell et al. (2009). 

 

Spectra acquisition. Spectral data were acquired in reflectance mode with a fiber-optic probe 

(SmartProbe Module) attached to a FOSS® monochromator spectrometer (NIRSystems XDS 

Inc, 7703 Montpelier Road, Suite 1, Laurel, MD 20723, USA). Spectra were obtained at 2 nm 

intervals over the 1100-2300 nm wavelength range. The spectra (average of 32 scans) were 

recorded as log 1/reflectance (log 1/R). Each sample underwent two separate scans and the 

spectra were averaged. 

 

Chemometrics and determination of plant resistance ratings 

Unscrambler® X software (CAMO Software Inc., One Woodbridge Center, Suite 319, 

Woodbridge, NJ 07095, USA) was used for spectral data pre-treatments (mathematical 

treatments and scatter corrections), principal component analysis (PCA) and partial least 

square (PLS) regressions. Resistance ratings were derived from routine plant breeding 

screening trials. Assigned resistance ratings were on a 1 (highly resistant) to 9 (highly 

susceptible) scale.  

 

Results 

 

Calibration models resulting from the correlations between NIR measurements and existing 

resistance ratings gave coefficients of determination for calibration (R
2
c) and standard errors 

of prediction by leverage correction (SEP) of 0.72 (SEP 1.19) for eldana, 0.62 (SEP 1.50) for 

smut, 0.62 (SEP 1.07) for sugarcane thrips and 0.67 (SEP 1.02) for brown rust ratings 

(Table 1). Using eldana (R
2
c of 0.72; n=51, PLS regression with six terms) as an example, 

approximately 70% of the variation in resistance was explained by the model. This suggests 

that certain chemical and physical constituents of the plant surface layers can function as pre-

formed (constitutive) components contributing towards the total resistance status. A second 

form of resistance is expressed post-challenge (induced) resistance, and is characterised by 

physiological responses in the plant. This forms an additional component of the total 

resistance in plants that would not be ‘visible’ using the NIR methodology described here. 

 

Prediction results obtained from external sets of ‘unknown’ genotypes are encouraging but 

exhibit some weaknesses (Table 2). The performance of the smut model is good in that 100% 

of resistant genotypes are correctly classified and no susceptible or intermediate genotypes 

are predicted to be resistant. For the eldana model, no resistant genotypes are predicted to be 

susceptible and no susceptible genotypes are predicted to be resistant. In contrast, the thrips 

and rust models performed poorly. Possible explanations are that both resistant and 

susceptible genotypes are under-represented in the thrips model, whilst the rust model 
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contains many resistant genotypes and only 10 intermediate and two susceptible out of 81 

genotypes used in the calibration (Table 1). Alternatively the component of total resistance 

that is constitutive could be relatively small for rust and thrips. 

 

Conclusions 

 

This study demonstrates the potential of NIR spectroscopy as a high-throughput method for 

rating sugarcane genotypes for resistance to pests and diseases. The best performing model, 

that for smut, had the most favourable distribution of resistant, intermediate and susceptible 

genotypes as well the most genotypes in the calibration (Table 1). These are important 

considerations when building calibrations and it is possible that the thrips and rust 

calibrations could be improved. With further research and development, NIR spectroscopy 

could be used as an additional screening method employed at an earlier selection stage of the 

breeding programme, thereby increasing opportunities and reducing costs by carrying 

forward to later selection stages a larger proportion of resistant genotypes. 
 

 

Table 1. Sampling and calibration set description, chemometrics and model parameters. 

Sampling Constituent 

Type Pest Disease 

Insect/Pathogen E. saccharina F. serrata S. scitamineum P. melanocephala 

Common name Eldana Thrips Smut Brown Rust 

Reference value Resistance rating Damage rating Resistance rating Resistance rating 

Sampling site Nodal bud Leaf (adaxial) Nodal bud Leaf (abaxial) 

Repetition 2 6 2 6 

Sampling position 6 & 7 TVD 6 & 7 TVD 

Plant locations 1 2 1 2 

Genotypes 57 90 122 90 

Sampling age (months) 8 & 12 4 8 & 12 4 

Scan 228 859 488 859 

Calibration set         

n 51 81 110 81 

Min. rating 2 2 2 1 

Max. rating 9 9 9 9 

Mean rating 4.90 4.99 4.94 2.31 

% R/I/S 25/55/20 18/62/20 32/40/28 85/12/3 

Chemometrics         

Regression PLS PLS PLS PLS 

Math. treatment D2,5,5 D2,5,5 D2,5,5 D2,5,5 

Scatter correction SNV-D SNV-D SNV-D SNV-D 

T 6 9 11 9 

Model parameters         

SEC 1.00 0.97 1.35 0.89 

R
2
c 0.72 0.62 0.62 0.67 

SEP 1.19 1.07 1.50 1.02 

Bias -1.11E-02 3.08E-02 -5.80E-03 -8.40E-03 

Offset 1.4 2.07 2.05 0.87 

SEP-SEC% 16% 9% 10% 13% 

R = resistant (rating 1, 2 and 3), I = intermediate (rating 4, 5 and 6), S = susceptible (rating 7, 8 and 9),  

T = number of terms, SEC = standard error of calibration, R
2
c = coefficient of determination for calibration, 

SEP = standard error of prediction estimated by leverage correction. 
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Table 2. Classification for an external set of ‘unknown’ genotypes (validation set) and power of 

prediction of the models (as % correct classification). 

 

Validation set African stalk borer Thrips Smut Brown Rust 

n 6 9 12 9 

Min. rating 2 2 2 1 

Max. rating 9 9 9 9 

Mean rating 5.33 5.44 5.17 3.56 

African stalk borer (E. saccharina) 

Rating Predicted 
 

Actual R I S Total 

R 1 1 0 2 

I 0 2 0 2 

S 0 1 1 2 

Power of Prediction 50% 100% 50% 6 

Thrips (F. serrata) 

Rating Predicted 
 

Actual R I S Total 

R 0 2 0 2 

I 1 3 0 4 

S 0 3 0 3 

Power of Prediction 0% 75% 0% 9 

Smut (S. scitamineum) 

Rating Predicted 
 

Actual R I S Total 

R 4 0 0 4 

I 0 3 1 4 

S 0 2 2 4 

Power of Prediction 100% 75% 50% 12 

Brown Rust (P. melanocephala) 

Rating Predicted 
 

Actual R I S Total 

R 5 0 0 5 

I 1 2 0 3 

S 1 0 0 1 

Power of Prediction 100% 67% 0% 9 
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