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Abstract 

 
Eldana saccharina (eldana) is the most destructive sugarcane stalk borer in South Africa 
causing losses estimated at R1 billion per annum. Breeding for resistance complements 
integrated eldana control strategies. Self-trashing is expected to reduce oviposition sites thus 
exposing eggs and larvae to predators while high fibre content (>14%) is expected to restrict 
larval feeding. The study aims to determine the effect of self-trashing and fibre on eldana 
damage and evaluate implications for resistance breeding. Data on number of bored stalks 
per genotype were collected from a Stage II trial (TSL16) planted at the SASRI Empangeni 
Research Station. Significant (F=1.86, P<0.0001) family effects were observed for eldana 
damage indicating genetic differences among families. Highly significant (F=4.05, P<0.0001) 
family effects were observed for fibre, while those of self-trashing were marginally significant 
(F=1.19, P=0.1046) indicating that selection for high fibre and high self-trashing families was 
possible. Simple linear regression showed a highly significant (P<0.0001) negative association 
representing 0.41% and 0.34% decrease in the number of bored stalks with every unit 
increase in self-trashing and fibre, respectively. Multiple linear regression showed highly 
significant (P<0.0001) 0.31% (self-trashing) and 0.33% (fibre) decreases in numbers of bored 
stalks, indicating a higher decrease in eldana damage when both high fibre and high self-
trashing were present. Results suggest possible genetic independence between fibre and self-
trashing, indicating that both traits can be selected simultaneously during breeding. Additive 
effects between fibre and self-trashing will accelerate breeding and selection for eldana 
resistance. Further studies will determine the genetic interactions with commercial traits. 
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Introduction 

 
Eldana saccharina Walker (Lepidoptera: Pyralidae) (eldana) is an indigenous insect pest of 
sugarcane in southern Africa, and is commonly known as the African sugarcane stalk/stem 
borer. Eldana is the most damaging pest of sugarcane in South Africa causing sugar losses 
estimated at more than R1 billion per annum (Horton et al., 2002; Assefa et al., 2008; 
Rutherford, 2015). The use of an Integrated Pest Management (IPM) approach combining 
chemical control, biological control and cultivation of resistant varieties has shown the potential 
to alleviate the damaging effects of this borer on sugarcane. 
 
Sugarcane varietal resistance recognised in the early 1970’s is an important approach to the 
control of the sugarcane stalk borer (Keeping and Rutherford, 2004). Several plant defence 
and/or tolerance mechanisms have been identified, viz. high fibre and hard stalk rindness from 
research conducted on a few commercial varieties (Mahlanza et al., 2014). More recently, a 
study by Nxumalo and Zhou (2017) showed reduced eldana damage with every unit increase 
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in self-trashing. The application of these mechanisms, however, remains limited in breeding 
programmes. 
 
The objectives of this study were to evaluate the combined effect of self-trashing and fibre 
content on eldana damage and implications on breeding for eldana resistance.  
 

Materials and Methods 
 

Data were collected from Stage II TSL16 single lines trial planted at Empangeni Research 
Station (103 masl; 28°45’S, 31°54’E) in 2016. A randomised completed block design with 164 
families replicated three times was used. Each family was made up of several genotypes 
planted as 8 m single row plots. Genotypes within families were not replicated due to large 
numbers at the early stage of testing. Data were collected in 2017. At crop maturity, 12 stalks 
from each genotype (single line) were examined and scored for self-trashing and assessed 
for eldana damage. Self-trashing was scored from 0 to 3 with 0 representing clinging leaves, 
1 representing slight self-trashing, 2 representing intermediate self-trashing and 3 
representing highly self-trashing. After scoring for self-trashing, these stalks were trashed, 
examined for eldana entry and exit holes and the number of damaged stalks was recorded for 
each genotype. The 12 stalks were then bundled together and sent off to the South African 
Sugarcane Research Institute (SASRI) fertiliser advisory service (FAS) laboratory, where they 
were analysed for total fibre expressed as a percentage of sample fresh weight (fibre % cane) 
using standard methods (Shoones-Muir et al., 2009).  
 
Data were analysed for family effects for eldana damage, self-trashing and fibre using the 
linear mixed model: 
 

Yijk =  + Rj + Fk + RFjk + Ejkl                                        Equation 1 
 
where Yijk is the ith self-trashing/fibre score in the jth replication of the kth family measured 
on the lth genotype,  is other overall mean, Rj is the random effect of the jth replication, Fk is 
the fixed effect of the kth family, RFjk is the random interaction effect of the jth replication by 
the kth family and is the experimental error for family effects, Eijkl is the residual error. 
Families’ effects were fixed to estimate means as is practised at this stage in sugarcane 
breeding. 
 
A simple linear regressing was used to determine the relation between eldana damage and 
fibre as well as eldana damage and self-trashing using the equation, 
 

Yi = a + bxi +ei                                                                Equation 2 
 
where Yi was the eldana damage in the ith genotype, a was the intercept, b was the coefficient 
or slope, xi was the fibre or self-trashing score of the ith genotype and also the independent 
variable and ei was the error. 
 
Multiple linear regression was used to determine the combined effect of self-trashing and fibre 
on eldana damage using the equation, 
 

Yi = a + b1x1i + b2x2i + ei                                                 Equation 3 
 
where a was the intercept, b1 was the slope of the effects of self-trashing, b2 was the slope of 
the effect of fibre, x1i was the self-trashing score of the ith genotype, x2i was fibre content of 
the ith genotype, and ei was the error. 
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Results and Discussion 
 

Significant differences (F=1.86, P<0.0001) were observed among families for eldana damage 
suggesting that families with low eldana damage could be identified and selected from these 
breeding populations (Table 1). There were highly significant (F=4.05, P<0.0001) family 
effects for fibre while those of self-trashing were marginally significant (F=1.19, P=0.1046), 
suggesting genetic variability for these traits (Table 1). 
 

Table 1. The fixed effects for fibre content and self-trashing.  
F-value = F distribution statistic, P>F = probability of  

obtaining a larger value of the F statistic. 
 

 

 
 
 
 
 
Simple linear regression showed a significant negative association representing a 0.41% 
(P<0.0001) and 0.34% (P<0.0001) decrease in the number of bored stalks with every unit 
increase in self-trashing and fibre, respectively (Table 2). This suggests the influence of self-
trashing and fibre in reducing eldana damage. The number of bored stalks decreased 
significantly from 31% (clinging leaves) to 28% (intermediate self-trashing) (F=12.80, 
P<0.0001) for self-trashing while those of fibre decreased significantly from 37% (low fibre) to 
22% (high fibre) (F=1.85, P<0.0001). 
 

Table 2. The regression coefficients (estimate), their standard error (SE), t distribution 
statistic (t-value) and probability of obtaining a larger value of the t-statistic (Pr>t). 

 

Linear regression 

Parameter DF Estimate SE t-value Pr>t 

Intercept 1 3.620 0.054 66.52 <0.0001 

Self-trashing 1 -0.408 0.081 -5.02 <0.0001 

Intercept 1 8.133 0.352 23.10 <0.0001 

Fibre 1 -0.340 0.025 -13.39 <0.0001 

Multiple regression 

Intercept 1 8.129 0.351 23.13 <0.0001 

Self-trashing 1 -0.331 0.025 -12.98 <0.0001 

Fibre 1 -0.309 0.080 -3.87 0.0001 

 

Multiple linear regression showed highly significant (P<0.0001) 0.31% (self-trashing) and 
0.33% (fibre) decrease in number of bored stalks, indicating a higher decrease in eldana 
damage when both high fibre and high self-trashing were present (Table 2). This suggests 
possible genetic independence between fibre and self-trashing which indicates that both traits 
can be selected simultaneously during breeding. The number of bored stalks decreased 
significantly from 31% (clinging leaves) to 29% (intermediate self-trashing) (F=10.79, 
P<0.0001) for self-trashing, while for fibre decreased significantly from 36% (low fibre) to 22% 
(high fibre) (F=15.30, P<0.0001).  
 
In conclusion, results indicated that self-trashing and fibre content traits are associated with 
the reduction in eldana damage and the interaction of both traits may alleviate damage caused 
by eldana. These traits may offer an additional resistance mechanism to combat eldana in 
sugarcane; however, further studies are required to validate the relationship between self-
trashing and fibre content with eldana damage. Also, studies are required to determine the 
interaction of these traits, particularly fibre content, with traits of economic significance. 
 

Fixed effects 

Effect Eldana damage Fibre content Self-trashing 

Family 
F-value = 1.86 

p-value <0.0001 
F-value = 4.05 

p-value <0.0001 
F-value = 1.19 

p-value = 0.1046 



Nxumalo PD and Zhou MM  Proc S Afr Sug Technol Ass (2018) 91: 177-180 

180 
 

REFERENCES 
 
Assefa Y, Conlong DE, van Den Berg J and Le Rü BP (2008). The wider distribution of Eldana 

saccharina (Lepidoptera: Pyralidae) in South Africa and its potential risk to maize production. Proc 
S Afr Sug Technol Ass 81: 290-297. 

Horton PM, Hearne JW, Apaloo J, Conlong DE, Way MJ and Uys P (2002). Investigating strategies for 
minimising damage cause by the sugarcane pest Eldana saccharina. Agricultural Systems 74: 271-
286. 

Keeping MG and Rutherford RS (2004). Resistance mechanisms of South African sugarcane to the 
stalk borer Eldana saccharina (Lepidoptera: Pyralidae): A review. Proc S Afr Sug Technol Ass 78: 
307-312. 

Mahlanza T, Rutherford RS, Snyman SJ and Watt MP (2014). Eldana saccharina (Lepidoptera: 
Pyralidae) resistance in sugarcane (Saccharum sp.): Effects of Fusarium spp., stalk rind, fibre and 
nitrogen content. African Entomology 22: 810-822. 

Nxumalo PD and Zhou M (2017). Effect of self-trashing on Eldana saccharina (Lepidoptera: Pyralidae) 
damage in sugarcane and implication for resistance breeding. Proc S Afr Sug Technol Ass 90: 152-
155. 

Rutherford RS (2015). An integrated pest management (IPM) approach for the control of the stalk borer 
Eldana saccharina Walker (Lepidoptera: Pyralidae). In: IPM for Eldana Control, South African 
Sugarcane Research Institute, Mount Edgecombe, 80 pp.  

Shoonees-Muir BM, Ronaldson MA, Naidoo G and Schorn PM (2009). SASTA Laboratory Manual 
including the Official Methods. Published by the South African Sugar Technologists’ Association, 
Mount Edgecombe, Durban, South Africa. 

 
 


