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Abstract 
 
The South African Sugarcane Research Institute (SASRI) imports genotypes from several 
countries to broaden the genetic base of breeding germplasm. Evaluating the performance 
of imported genotypes provides data to optimise their use in breeding and guides sources of 
future germplasm importation. The objective of this study was to determine the performance 
of 28 genotypes imported from Australia, Barbados, Brazil and Colombia, and to evaluate 
their potential use in the SASRI breeding programme. Data for yield, quality, agronomic 
characteristics, eldana damage and smut infection were collected in the plant, first, second 
and third ratoon crops from a trial planted at the SASRI Pongola research station. There 
were highly significant (P<0.001) genotype differences for yield, quality, agronomic traits, 
eldana damage and number of smut whips. Yield and quality traits showed highly significant 
genotype by crop-year interactions, suggesting differential performance across ratoons and 
indicating the potential to select high ratooning genotypes. Principal component analysis 
produced three genotype clusters comprising: (a) commercial type; (b) average yield, 
average sucrose; and (c) high biomass, low sucrose. High biomass genotypes produced 
39% more cane, 37% lower sucrose, 40% more fibre, 28% more stalks that were 21% taller 
and 15% thinner, with 47% fewer eldana bored stalks and three times fewer smut whips than 
commercial types, indicating their potential value as sources of genes for high yield, eldana 
and smut resistance. High yielding commercial type genotypes originated mainly from Brazil, 
while those from Barbados were mainly high biomass types. These results will guide the 
choice of future germplasm imports for SASRI.  
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Introduction 
 
The South African Sugarcane Research Institute (SASRI) has been importing genotypes 
from several countries since 1925 in order to broaden germplasm used in sugarcane 
breeding. Of these imported genotypes, very few have been used as parents in breeding 
programmes. Lack of characterisation (Tai and Miller, 2002) has been recognised as one 
reason for the limited utilization of imported germplasm (Berding and Roach, 1987). In the 
early years of sugarcane domestication, characterisation was done by botanists 
(Artschwager and Brandes, 1958). However, to facilitate utilization in developing modern 
sugarcane cultivars, characterisation must focus on traits of commercial importance. 
Germplasm characterisation provides data for designating the germplasm into core 
collection groups (Tai and Miller, 2001) of genotypes with different combinations of 
characteristics that are useful for different breeding strategies and regional breeding 
programmes. The objective of this study was to determine the performance of 28 imported 
genotypes from Australia, Barbados, Brazil and Colombia and evaluate their potential use in 
SASRI breeding. 
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Materials and Methods 

 
Data were collected from an irrigated imported variety trial planted at Pongola research 
station (308 m above sea level, 27.42oS, 31.59oE) using 30 genotypes imported from 
Australia (2), Barbados (16), Brazil (5), Colombia (5) and two South African cultivars as 
controls. The trial was planted on 30 August, 2011, and data were collected in the plant, first, 
second and third ratoon crops. The trial was laid out in a 5 by 6 rectangular lattice design 
with three replications. The plot sizes were 2 rows by 5 m long, spaced 1.4 m apart. The 
data for smut whips, yield traits, quality and agronomic traits were collected. 
 
Data were analysed using the linear mixed model: 
 

Yijkl =  + Ri + B(R)ij + Gk + GB(R)ijk + Cl + GCkl + Eijkl           Equation 1 
 

where Yijkl is the observation for genotype k in sub-block j nested within replication i 

collected in the crop l;  is the overall mean; Ri is the random effect of the ith replication; 
B(R)ij is the random effect of the jth sub-block nested within the ith replication; Gk is the 
fixed effect of the kth genotype; GB(R)ijk is the random interaction effect of the kth genotype 
by the jth block nested within the ith replication and was the experimental error of the 
genotype fixed effect; Cl is the fixed effect of the lth crop-year; GCkl is the fixed interaction 
effect of kth genotype by the lth crop-year; Eijkl is the residual error and also experimental 
error for the crop-year and genotype by crop-year fixed effects. Principal component analysis 
was used to group the genotypes. 

 
Results and Discussion 

 
There were highly significant differences (P<0.001) among genotypes for cane yield, ERC% 
cane, sugar yield, Fibre% cane, Purity%, stalk population, stalk height and diameter, percent 
bored stalks and smut whips, and significant (P<0.01) for percent bored internodes (Table 
1), indicating that genotypes with desirable trait combination could be selected for use in 
breeding. Highly significant genotype by crop-year interaction effects were present for cane 
yield, ERC% cane, sugar yield, fibre% cane and Purity%, while stalk population, diameter 
and percent bored internodes were significant (P<0.05) suggesting differential genotype 
fluctuation in trait values across crop-years. Stalk diameter, percent bored stalks and smut 
whips had non-significant (P>0.05), genotype by crop-year interaction indicating stable trait 
values across crop-years. The R2 values for yield and quality traits ranged from 0.76-0.95 
while those for eldana and smut whips ranged from 0.62-0.72. The resistance traits had 
higher CV% than yield and quality traits indicating larger phenotypic variability. 
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Table 1. Analysis of variance for genotypes and origin of genotypes. 

 
Effect TCH ERC% TSH Fibre Purity Stalks Height Diameter PBI PBS Whips 

Individual genotypes 

Genotype 8.8*** 51.8*** 10.6*** 20.4*** 28.5*** 5.3*** 16.2*** 20.9*** 2.6** 3.1*** 3.0*** 

Crop 66.6*** 39.3*** 68.6*** 16.3*** 69.9*** 10.5*** 96.5*** 15.7*** 11.3*** 16.0*** 0.1ns 

GxC 3.0*** 2.3*** 2.7*** 2.1*** 2.1*** 1.4* 1.7** 1.2ns 1.4* 1.2ns 0.3ns 

Means 117.6 10.1 11.9 14.3 82.1 133.2 2.7 24.3 0.9 9.6 0.4 

Rsq 0.93 0.95 0.93 0.89 0.90 0.76 0.87 0.82 0.62 0.64 0.72 

CV% 12.3 10.3 17.0 9.7 5.3 19.3 7.8 9.8 132.3 106.9 523.0 

Genotypes grouped by country of origin 

Origin 3.0* 9.1*** 9.5*** 4.1* 10.8*** 6.4** 0.2ns 6.7*** 4.7** 4.9** 4.5** 

Crop 25.3*** 5.5** 32.6*** 2.3ns 14.0*** 7.7*** 55.3*** 12.9*** 6.3*** 8.9*** 0.2ns 

OxC 4.4*** 5.1*** 7.7*** 2.4** 5.9*** 2.7** 1.1ns 1.6ns 2.0* 1.7ns 0.7ns 

Means 117.6 10.1 11.9 14.3 82.1 133.2 265.2 24.3 0.9 9.6 0.4 

Rsq 0.86 0.91 0.88 0.80 0.85 0.64 0.77 0.74 0.43 0.49 0.69 

CV% 14.6 11.4 18.5 11.0 5.6 19.9 8.5 10.0 136.4 107.7 458.3 

Least square means ± standard errors by country of origin 

CC 92.2±12.1 12.5±1.0 11.8±1.3 12.3±0.9 88.0±2.5 103.1±8.1 2.6±1.4 2.8±1.1 0.9±0.2 10.2±2.4 0.0±0.6 

RSA 157.6±19.1 11.8±1.5 18.5±2.1 13.0±1.5 88.4±3.8 153.3±12.7 2.7±2.1 2.4±1.7 0.4±0.3 5.8±3.4 0.0±0.9 

SP 133.6±12.1 12.7±1.0 17.0±1.3 12.8±0.9 89.8±2.5 124.4±8.0 2.7±1.4 2.6±1.1 1.7±0.2 17.1±2.4 0.3±0.6 

SRA 98.3±19.0 12.5±1.5 12.2±2.1 12.7±1.5 88.7±3.8 119.5±12.6 2.7±2.1 2.6±1.7 0.7±0.3 7.5±3.4 4.2±0.9 

WI 118.0±7.0 8.0±0.6 9.4±0.7 15.7±0.5 76.3±1.5 144.6±4.6 2.6±0.8 2.2±0.7 0.7±0.2 7.8±1.7 0.2±0.3 
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There were highly significant (P<0.0001) differences for ERC% cane, sugar yield, Purity% 
and diameter, significant differences (P<00.05) for cane yield, Fibre% cane, stalk population, 
eldana damage and smut whips, while stalk height was non-significant (P>0.05) among the 
origin of imported genotypes. Significant (P<0.01) origin by crop-year interaction was 
present for cane yield, ERC % cane, sugar yield, Fibre% cane, Purity% and stalk population, 
suggesting differential fluctuation in yield and quality. High biomass genotypes produced 
39% more cane, 37% lower sucrose, 40% more fibre, 28% more stalks that were 21% taller 
and 15% thinner with 47% fewer eldana bored stalks and three times fewer smut whips than 
commercial types, indicating their potential value as sources of genes for high yield, eldana 
and smut resistance. 

 

 
Figure 1. Clusters of varieties generated from Principal component analysis.  

PC1 = principal component axis 1, PC2 = principal component axis 2. 

 
 
Principal component analysis produced three genotype clusters comprising: (a) commercial 
type; (b) average yield, average sucrose; and (c) high biomass, low sucrose (Figure 1). The 
genotypes from Brazil (SP) were grouped among the largely commercial types with high 
cane yield and high sucrose and would be suitable for commercial breeding. Genotypes from 
Barbados (B, WI) had high biomass but low sucrose content, indicating their value in 
biomass breeding. The Colombian (CC) genotypes were high in sucrose but low in cane 
yield. Crossing Barbados and Colombian genotypes is expected to produce commercial type 
progenies. The results would guide the importation of genotypes to complement parental 
populations and their utilization in South African regional breeding programmes. 
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