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Abstract 
 
Eldana saccharina is a major pest of sugarcane in South Africa, which causes losses 
estimated at R900 million per annum. Genetic resistance remains an important component of 
an integrated eldana control strategy. The objectives of this study were to determine the 
relationship between levels of self-trashing and eldana damage, and evaluate implications for 
resistance breeding. Self-trashing is expected to reduce oviposition sites thus, exposing eggs 
and larvae to predators. Data on the number of bored stalks per genotype were collected from 
the mini-lines trial (TML14) at SASRI’s Empangeni Research Station. There was a 7.76% 
decrease (P<0.0001) in number of bored stalks with every unit increase in self-trashing. The 
number of bored stalks decreased significantly from 68% (clinging leaves) to 52% (highly self-
trashing) (P=0.0008), indicating that self-trashing was associated with a reduction in eldana 
damage. There were highly significant (P=0.001) family effects for self-trashing, significant 
variability (σ2=0.016, P=0.002) and moderate broad sense heritability of 0.58, suggesting 
breeding for self-trashing was possible. Best Linear Unbiased Prediction analysis showed 
significant female (P<0.0001) and male (P<0.0001) parental effects, and suggested that 
selecting high self-trashing parents will increase trait levels in breeding populations. Female 
(σ2=0.005, P=0.0542) and male (σ2=0.022, P=0.0003) parental variance components 
suggested that the choice of male parent is more important for increasing self-trashing when 
considering these specific parents. The results indicated that self-trashing was a trait offering 
an additional resistance mechanism to combat eldana in sugarcane. Quantitative genetic 
parameters highlight the potential to indirectly breed for eldana resistance using the self-
trashing trait.  
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Introduction 

 
Eldana saccharina Walker (Lepidoptera: Pyralidae) (eldana) is a stalk borer indigenous to 
Africa and a major pest of sugarcane. In South Africa, it causes losses estimated at R900 
million per annum (Horton et al, 2002; Rutherford, 2015). Eldana has spread from coastal 
areas into the Midlands and northern irrigated regions of KwaZulu-Natal (Assefa et al., 2008; 
Zhou, 2015). Integrated Pest Management (IPM) practices which include chemical and 
biological control and cultivation of resistant varieties reduces yield losses.  
 
Sugarcane varietal resistance is a significant component of IPM eldana control and breeding 
for eldana resistance started in the 1980s (Nuss and Atkinson, 1983). Several defence and 
tolerance mechanisms provide plant resistance. The objectives of this study were to determine 
the relationship between levels of self-trashing and eldana damage, and evaluate implications 
for resistance breeding. 
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Materials and Methods 
 
Data were collected from Stage 1 TML14 Mini-lines trial planted at The South African 
Sugarcane Research Institute’s (SASRI’s) Empangeni Research Station (103 m.a.s.l; 
28°45’S, 31°54’E) in 2015. A randomised complete block design with three replications per 
family was used. Each family plot was made up of several genotypes, each planted to 1 row 
of 1 m length in a tramline set-up. At crop maturity, the first 20 genotypes in each family plot 
were examined and scored for self-trashing, and then the total number of stalks and the 
number of stalks with eldana entry and exit holes were counted. 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.  
 
A simple linear regressing was used to determine the relationship between eldana damage 
and self-trashing using the equation: 
 

                        Yi = a + bxi +ei                                                                        Equation 1 
 
where Yi was the eldana damage in the ith genotype, a was the intercept, b was the coefficient 
or slope, xi was the self-trashing score and also the independent variable, and ei was the error. 
 
Data were analysed for family effects of eldana damage and self-trashing scores and to 
estimate variance components using the linear mixed model:  
 

            Yijk =  + Rj + Fk + RFjk + Ejkl                                                 Equation 2 
 

Yijk is the damage recorded on the lth genotype in the jth replication in the kth family. 
Data were analysed for the effect of self-trashing on borer damage using the linear mixed 
model: 
 

                       Yijk =  + Si + Rj + Fk + RFjk + Eijkl                                           Equation 3 
 
where Yijk is the ith self-trashing score in the jth replication of the kth family measured on the 

lth genotype,  is the overall mean, Si is the fixed effect of the ith self-trashing level, Rj is the 
random effect of the jth replication, Fk is the random effect of the kth family, RFjk is the random 
interaction effect the jth replication by the kth family, Eijkl is the residual error. Mean 
comparisons were performed using least significant differences. 
 
 

Results and Discussion 
 

There were significant differences (F=25.77, P<0.0001) among families for eldana damage. 
Significant variance (σ2=3.86, P<0.0001) suggested family genetic variability for eldana 
damage (Zhou, 2015).  
 
There was significant negative linear association representing a 7.76% (P<0.0001) decrease 
in bored stalks with every unit increase in self-trashing (Figure 1). The number of bored stalks 
decreased significantly from 68% (clinging leaves) to 52% (highly self-trashing) (F=5.61, 
P=0.0008). Significant differences (P<0.05) were present among self-trashing levels in 
general, but a pairwise approach showed non-significant differences between self-trashing 
levels 2 and 3 (P=0.1984). These results suggest that even low levels of self-trashing reduced 
eldana damage (Carnegie and Smaill, 1982). Studies by Carnegie and Smaill (1982) and 
Leslie (1989) showed a reduction in eldana infestation after manual pre-trashing by reducing 
ovipositional sites and exposing larvae to predators. Self-trashing varieties are expected to 
behave similarly. 
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Figure 1. Figure showing the relationship between percentage Eldana saccharina  

Walker (Lepidoptera: Pyralidae) bored stalks and various self-trashing levels. 
 
 

There were highly significant (F=2.25, P=0.0001) family effects and significant family variance 
(σ2=0.016, P=0.002) (Table 1), indicating high genetic effects for self-trashing. Moderate broad 
sense heritability of 0.58 suggested selection for self-trashing is possible.  
 
 

Table 1. The random and fixed effects for self-trashing. SE = standard error, Z-value = Z 
distribution statistic, P>Z = probability of obtaining a larger value of the Z statistic, F-value = F 

distribution statistic, P>F = probability of obtaining a larger value of the F statistic. 

 

Random effects 

Covariance 
parameter 

Variance SE Z-value P>Z 

Family 0.016 0.005 2.88 0.0020 

Female 0.005 0.003 1.58 0.0566 

Male 0.022 0.006 3.43 0.0003 

Fixed effects 

Effect F-value P>F   

Family 2.25 0.0001   

Female 2.84 0.0001   

Male 5.75 0.0001   

 
 
Significant female (F=2.84, P<0.0001) and male (F=5.75, P<0.0001) (Table 1) parental effects 
suggest selecting high self-trashing parents at crossing will increase trait levels in progenies. 
Female (σ2=0.005, P=0.0566) and male (σ2=0.022, P=0.0003) (Table 1) variance components 
suggested that when considering these specific parents, the choice of male parent was more 
important for increasing self-trashing during breeding.  
 
In conclusion, results indicated that self-trashing reduces damage caused by eldana. 
However, further studies are required to validate the relationship between self-trashing and 
eldana damage and to determine the genetic control of self-trashing. 
 
 

Nxumalo PD and Zhou M Proc S Afr Sug Technol Ass (2017) 90: 152-155

154



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. 

Carnegie AJM and Smaill RJ (1982). Pre-trashing of sugarcane as a means of combating the borer 
Eldana saccharina Walker. Proc S Afr Sug Technol Ass 56: 78-81. 

Horton PM, Hearne JW, Apaloo J, Conlong DE, Way MJ and Uys P (2002). Investigating strategies for 
minimising damage caused 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. 

Leslie GW (1989). Effects of pre-trashing sugarcane on oviposition, and on predation of eggs and moths 
of Eldana saccharina (Lepidoptera: Pyralidae). Proc S Afr Sug Technol Ass 67: 122-126. 

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. 

Nuss KJ and Atkinson PR (1983). Methods used to measure the susceptibility of sugarcane varieties 
to attack by Eldana saccharina (Walker). Proc S Afr Sug Technol Ass 57: 92-94. 

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.  

Zhou M (2015). Selection for Eldana saccharina borer resistance in early stages of sugarcane breeding 
in South Africa. American Journal of Plant Sciences 6: 2168-2176.  

 
 
 

Nxumalo PD and Zhou M Proc S Afr Sug Technol Ass (2017) 90: 152-155

155


	Cover page
	Contents
	Search
	Disclaimer 2017
	Officers-SASTA 2017
	SASTA Instructions to Authors 2017
	Prize Award Winners 2017
	Editorial Panel 2017
	Sponsors and Exhibitors
	Plenary Session (Chair: Carolyn Baker)
	Review of South African sugarcane production in the 2016/2017 season: light at the end of the tunnel?
	Ninety-second annual review of the milling season in Southern Africa (2016/2017)
	A financial estimation of the mill area-scale benefits of variety adoption in South Africa: A simplistic approach

	Agriculture Session 1: Entomology (Chair: Des Conlong)
	Cacosceles (Zelogenes) newmani (Thomson) (Cerambycidae: Prioninae), a new pest in the South African sugar industry
	The effect of an improved artificial diet formulation on Eldana saccharina Walker rearing, growth and development
	Estimating the potential economic benefit of extending the harvesting cycle of dryland coastal cane by chemically suppressing eldana levels
	A cellular automaton model for simulating Eldana saccharina infestation in sugarcane
	Timeframe for the development of borer resistant genetically modified sugarcane
	Towards optimising crop refuge areas in transgenic sugarcane fields

	Agriculture Session 2: Soils and Nutrition (Chair: David Sutherland)
	The fertility status of soils of the South African sugar industry – 2012 to 2016: an overview
	Mass and composition of ash remaining in the field following burning of sugarcane at harvest
	Effects of surface-applied lime and gypsum on soil properties and yields of sugarcane ratoon crops
	Prediction of soil nitrogen mineralization to crop fertiliser nitrogen requirements
	Factors controlling the solubility of phosphorus in soils of the South African sugarcane industry

	Agriculture Session 3: Agronomy (Chair: Sanesh Ramburan)
	Analysis of long term rainfall in the Felixton Mill supply area and investigation of  Derivatives as a hedging mechanism against drought
	An experimental and crop modelling assessment of elevated atmospheric CO2  effects on sugarcane productivity
	The investigation of a suitable summer breakcrop after Imazapyr application for integrated management of Cynodon dactylon
	Nitrogen use efficiency of selected South Sfrican sugarcane varieties
	A web-based decision support tool for analysing monthly sugarcane growth rates in South Africa
	Mycanesim® Lite: A simple web-based sugarcane simulation tool
	Optimum harvest age of sugarcane at Kilombero Sugar Company under high minimum temperature

	Agriculture Session 4: Plant Breeding I (Chair: Kerry Redshaw)
	The effect of Eldana saccharina damage on  sugarcane breeding populations and the implications on sugarcane breeding
	Identifying elite families for the Midlands sugarcane breeding programmes in South Africa
	Molecular phylogeny of sugarcane: Discovering a new species
	Effect of self-trashing on Eldana  saccharina Walker damage in sugarcane and implications for resistance breeding

	Agriculture Session 5: Plant Breeding II (Chair: Derek Watt)
	Performance of imported genotypes and implications for utilisation in SASRI breeding programmes
	The agronomic performance of tissue culture (NovaCane®) versus  conventional seedcane under rainfed conditions
	An investigation into stored seed viability
	A new origin of sugarcane: The undiscovered species

	Agriculture Session 6: Engineering (Chair: Peter Lyne)
	Modified "Twin-stacker" cane loading system
	PBS vehicles in the South African sugar industry: opportunities and limitations
	A simple spreadsheet-based irrigation electricity cost calculator
	Yield variability mapping for a cut and stack system

	Agriculture Session 7: Crop Management (Chair: Rowan Stranack)
	Irrigation scheduling demonstration trials are an effective means of promoting  adoption: Pongola case study
	Positive influence of Demonstration Plot Extension Methodology in a rural sugarcane community
	Here, there or everywhere? An investigation into nematode trial sampling

	Agriculture Session 8: Economics (Chair: Kathy Hurly)
	Determining the cost of post-harvest deterioration in a South African sugarcane supply chain
	CaneTEC®: An economic conversion tool for sugarcane experimental and commercial production scenarios
	A new decision-making framework for developing variety-specific chemical ripening recommendations
	Cost benefit analysis of a herbicide tolerant and insect resistant genetically modified sugarcane variety under coastal conditions
	Biogas from sugarcane - a system for sustainability
	A time-series analysis of large-scale grower input costs in the South African sugarcane industry: 2000/2001 - 2014/2015

	Factory Session 1: Energy (Chair: Nico Stolz)
	A strategy for monitoring and reporting continuous energy consumption in a typical raw sugar mill
	Experiences of reducing the steam consumption in sugar plant
	Solar live steam generation and solar bagasse drying for South African sugar mills

	Factory Session 2: Milling and Diffusion (Chair: Warren Lawlor)
	"Sleeve-Kamal" an innovative three piece sugar mill roller for high performance and lower operating cost
	Monitoring juice holdup in a cane diffuser bed using electrical conductivity - evaluation on a laboratory scale
	Monitoring juice holdup in a cane diffuser bed using electrical conductivity - evaluation on a plant scale
	Experiences with the millability of drought-affected cane varieties for the 2016 season

	Factory Session 3 papers do not appear in the Proceedings as they were non-refereed commercial talks
	Factory Session 4: Rawhouse (Chair: Paul Schorn)
	An investigation into the viscosity of c-massecuite using a pipeline viscometer
	Dynamic simulation on a spreadsheet as a tool for evaluating options for mixed juice flow control
	Are gums produced in the factory? Quantification of gums isolated from mixed juice and final molasses

	Factory Session 5: Posters (Chair: Dave Love)
	Can NIRS detect quaternary ammonium compounds in refined sugar?
	A benchmark energy indicator
	Analysis of sulphites in sugar by ion chromatography
	An effective viscosity modifier for improved production output
	Analysis of Vitamin A in fortified sugar
	Factory control using NIRS: Are we there yet?
	The effect of rotoclone bacterial slime on the refined sugar turbidity increase experienced at the Noodsberg refinery 

	Parallel Session: Sugarcane Biorefinery and Downstream Products (Chair: Anne Stark)
	Lignocellulose biorefineries as extensions to sugar mills: Sustainability and social upliftment in the green economy
	The development of a partial equilibrium economic model of the South African sugar industry in a biorefinery scenario
	An economic analysis of the potential bio-polymer industry: the case of sugarcane
	Economic recovery of biobutanol - A platform chemical for the sugarcane biorefinery
	Reactive extraction and reactive distillation: A new recovery process development for levulinic acid from fermentation broths
	Nitrogen-doped carbon nano-tubes synthesis from biorefined sugarcane bagasse
	Organic acid treatment of sugarcane residues for the production of biogenic silica
	The development of a screening tool to identify new products for the South African sugarcane industry
	Inclined perforated drum dryer and separator for cleaning and drying of sugarcane bagasse
	Conversion of sugarcane bagasse into carboxymethylcellulose (CMC)
	Preparation and characterisation of cellulose nano crystals (CNCs) from sugarcane bagasse using ionic liquid (1-butyl-3-methyllimidazolium hydrogen sulphate)-DMSO mixtures
	Sugar cane juice concentration and separation with hydrate technology

	Factory Session 6: Refinery I (Chair: Steve Davis)
	Energy footprint and operating costs, a comparison of ion exchange resin and activated carbon in the application of sugar decolourisation
	Automation of white pans at the Tongaat Hulett refinery
	Powdered activated carbon (PAC) with membrane filter press for secondary decolourisation system to produce refined sugar in backend refinery
	Where do you go to (my saccharides)? A preliminary saccharide analysis of refinery streams

	Factory Session 7: Refinery II (Chair: Stephen Walford)
	The transfer of non-sucrose species into sucrose crystals: can it be useful?
	Optimisation of white sugar colour management through the utilisation of on-line colour cameras
	Learnings from the 2015 Pongola silo failure 
	To bee or not to bee (stung): Hulref's intervention in reducing bee stings




