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Abstract

Silicon (Si) improves plant resistance to insect attack and may also enhance tolerance of
water stress. The objective of this study was to evaluate whether Si-mediated resistance of
sugarcane to the borer Eldana saccharina Walker (Lepidoptera: Pyralidae) is enhanced by
water stress. Sugarcane cultivars, two resistant to E. saccharina (N21, N33) and two
susceptible (N26, N11) were grown in a pot trial, in Si deficient river sand with (Si+) and
without (Si-) calcium silicate. To induce water stress, irrigation to half of the trial was
reduced prior to inoculation with E. saccharina eggs, and harvested 66 days later. Stressed
and non-stressed plants of the same cultivar did not differ significantly in Si content.
However, Si+ plants exhibited increased resistance to E. saccharina attack. In Si+ cane, E.
saccharina larval survival and biomass was lower than in Si- cane, significantly so for
stressed, susceptible cultivars N26 and N11, and for larval mass in non-stressed N26. Stalk
damage was reduced in Si+ cane, significantly so for the stressed, susceptible cultivars N26
and N11, and non-stressed N26. This study showed that Si provides greater protection against
E. saccharina attack in susceptible, water-stressed sugarcane than in non-stressed cane and/or
resistant cultivars.
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Introduction

Silicon (Si) is abundant in the Earth’s crust. However, in soils that have been intensely
cultivated, or in weathered tropical or organic soils, Si may be depleted. Approximately 60%
of the soils within the South African sugarcane region are sandy, acidic soils and are typically
deficient in plant-available Si (Meyer et al, 1998). It is now established that Si can enhance
the resistance of plants to attack by insect pests, including leaf miners (Hanifa et al, 1974;
Goussain et al, 2002), sap feeders (Salim and Saxena, 1992; Moraes et al, 2004) and borers
(Djamin and Pathak, 1967; Wang, 2005), including Eldana saccharina Walker (Lepidoptera:
Pyralidae) on sugarcane (Keeping and Meyer, 2002; Kvedaras et al, 2005).

Historically, drought stress in plants is believed to be a major factor underlying outbreaks of

herbivorous insects (White, 1984, but see also Huberty and Denno, 2004), including the
African stem borer E. saccharina in sugarcane in the rainfed areas of South Africa (Atkinson
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et al, 1981; Atkinson and Nuss, 1989), and in maize under water stressed conditions in the
Ivory Coast (Moyal, 1995). Reduction of moisture stress is one of the current
recommendations for combating E. saccharina in the South African sugar industry (Anon,
2005). However, more recent studies have shown that the application of Si can reduce water
stress by reducing transpiration (Ma et al, 2001; Gao et al, 2004), by reducing water loss via
decreased water flow rate in the xylem (Gao et al., 2004), or by increasing plant water uptake
ability (Hattori et al, 2005).

However, it remains unanswered whether Si provides greater protection against insect
herbivores when plants are water stressed than it does in the absence of water stress.
Sugarcane (Saccharum spp. hybrids) is an important crop in South Africa, and since 1970, E.
saccharina has become a major pest, particularly in coastal rainfed areas, where drought
stress frequently increases the risk of economically damaging infestations. In the sugarcane-
E. saccharina borer system, tests were carried out to determine whether applied Si afforded
greater protection against E. saccharina in plants subjected to water stress. A second
objective was to determine whether Si application to water stressed plants is likely to be
greater in susceptible than in resistant cultivars, given that susceptible cultivars are generally
also less tolerant of drought (Keeping and Rutherford, 2004). If applied Si is more efficacious
in drought stressed crops than in non-stressed crops, then its use may provide an enhanced
benefit to growers for suppressing borer infestations in areas where soils are deficient in Si.

Materials and Methods

A potted sugarcane trial (96 pots) was established in a shade house at the South African
Sugarcane Research Institute (SASRI), Mount Edgecombe, KwaZulu-Natal. Before planting,
half the pots were treated (Si+) with 124 g (equivalent to 10 t/ha) of calcium silicate, CaSiO3
(7.9% Si), and the other half left untreated (Si-).

At 8.5 months, plants in 48 pots (half the trial) were water stressed intermittently through a
staggered reduction in their water supply such that at the end of the stress periods plants had
approximately (and no less than) four or five green leaves each, while non-stressed plants
typically had 11 green leaves each. Stress was imposed over two stress periods. The watering
schedules for the two stress periods were:

Stress period 1
week one: 1.0 L/pot/day; week two: 0.7 L/pot/day; week three: 0.5 L/pot/day;
week four: 0.3 L/pot/day; week five - 11: 0.2 L/pot/day.

Stress period 2
week one: 0.5 L/pot/day; week two: 0.3 L/pot/day; week three: 0.2 L/pot/day.

The final irrigation rate was maintained until trial harvest.

At 12 months, the trial was inoculated with 150 E. saccharina eggs per pot (eggs placed on
two stalks per pot at 75 eggs/stalk), following the methods of Keeping (2006). Larvae were
allowed to develop for 66 days (520 degree days; t=10°C; Tempest® Degree-day Units;
Insect Investigations Ltd, Cardiff, UK) before harvesting.

At harvest, stalk length, total number of internodes, rind hardness at the mid-point of the

central internode (Durometer, Rex Gauge Company, Glenview, IL 60025), number of
internodes bored, and total length of borings per stalk were measured. Number and mass of
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recovered E. saccharina larvae and pupae are referred to as ‘borer performance’, while
number of internodes bored and length of stalk bored are referred to as ‘borer damage’. Stalk
Si% was determined using the procedures of Fox et al. (1967).

Results and Discussion

Silicon application doubled, or almost doubled, stalk Si content in all four sugarcane cultivars
(N21, N33, N11 and N26), regardless of whether or not the plants were water stressed.
Treatment with Si was associated with a significant reduction in E. saccharina borer
performance (survival and mass) and borer damage (percentage stalk length and percentage
internodes damaged), especially in susceptible sugarcane cultivars under water stress (Figure
1). The increase in resistance of Si+ water stressed susceptible cultivars to E. saccharina was
such that borer performance and damage in these plants approached that of resistant cultivars
(irrespective of whether the latter were treated with Si and/or water stressed) (Figure 1).

There was no significant association between stalk Si content and resistance to E. saccharina,
nor did rind hardness of susceptible cultivars increase with Si+ to an extent greater than that
of resistant cultivars. This provides grounds for arguing in favour of an active role for soluble
Si in improving the plant’s defenses against E. saccharina, which may complement any Si-
based mechanical barrier. The mechanical barrier hypothesis has traditionally been advanced
as an explanation for Si-mediated resistance to disease, wherein polymerized Si is deposited
in epidermal cells and forms a barrier to pathogenic penetration (Ishiguro, 2001), in much the
same way that it may hinder feeding by herbivorous insects (Djamin and Pathak, 1967; Salim
and Saxena, 1992; Moraes et al, 2004). More recently, Si has been implicated in metabolic
activities in higher plants under drought (Gong et al, 2005) and may also play a role in
activating the plant’s natural chemical defenses against insect herbivores (Correa et al, 2005;
Gomes et al, 2005). Possibly, the imposition of water stress may change the arrangement,
form or concentration of Si in the stalk tissue in ways that increase its effectiveness as a
barrier against larval stalk penetration, without necessarily increasing tissue hardness.
Another possibility is the enhanced expression of the plant’s natural chemical or
physiological defences in the presence of both Si and water stress. Further detailed study will
be required to elucidate the mechanism(s) involved.

While it has been demonstrated that Si can increase the resistance of plants to various insect
pests, including E. saccharina (Keeping and Meyer 2002 and references therein) and can also
enhance drought tolerance in several crop plants (Hattori et al. 2005 and references therein),
this is the first demonstration that under conditions of water stress, the presence of Si
enhances resistance of a host plant to an insect pest above that of Si+ plants not subjected to
water stress. Wiese et al. (2005) found a similar interaction in barley, where Si and osmotic
stress were additive in enhancing pathogen resistance against barley powdery mildew.

The finding that Si enhances the resistance of water stressed borer-susceptible sugarcane
cultivars is particularly relevant from an applied point of view, and field trials are now
required to confirm these results. Silicon amendments would provide an added advantage for
growers in regions with Si-deficient soils, as it means that, where susceptible cultivars
become stressed and particularly vulnerable to borer attack, application of Si may provide
better than expected resistance to E. saccharina.
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Figure 1. Mean number of Eldana saccharina larvae and pupae (a), mean mass (b), percentage
stalk length bored (c), and percentage internodes bored (d), when recovered from Si treated
(Si+) and untreated (Si-), resistant (N21, N33) and susceptible (N11, N26) sugarcane cultivars
under non-stressed (NS) and water stressed (S) conditions. Bars are SE.

Acknowledgements

The authors thank Andrew Govender and Sipho Zuma of the Entomology Department and
the Entomology survey teams at SASRI for their assistance in many aspects of the work.
Chandani Sewpersad of the Biometry Department is thanked for the statistical analysis of the
data and Rod Harding (Biometry) for the experiment design. The SASRI Insect Rearing Unit
provided the egg batches. Research funding was provided by SASRI, the National Research
Foundation (NRF) of South Africa, the University of the Witwatersrand, and the Centre de
Coopération Internationale en Recherche Agronomique pour le Développement (CIRAD).

REFERENCES
Anon (2005). Guidelines and Recommendations for Eldana Control in the South African Sugar
Industry. South African Sugarcane Research Institute, Mount Edgecombe, South Africa.

Atkinson PR and Nuss KJ (1989). Associations between host-plant nitrogen and infestations of the
sugarcane borer, Eldana saccharina Walker (Lepidoptera: Pyralidae). B Entomol Res 79: 489-
506.

Proc S Afr Sug Technol Ass (2006) 80, page 294



Atkinson PR, Carnegie AJM and Smaill RJ (1981). A history of the outbreaks of Eldana saccharina
Walker, in Natal. Proc S Afr Sug Technol Ass 55: 111-115.

Correa RSB, Moraes JC, Auad AM and Carvalho GA (2005). Silicon and acibenzolar-s-methyl as
resistance inducers in cucumber, against the whitefly Bemisia tabaci (gennadius) (Hemiptera:
Aleyrodidae) Biotype B. Neotrop Entomol 34: 429-433.

Djamin A and Pathak MD (1967). Role of silica in resistance to Asiatic rice borer, Chilo suppressalis
Walker, in rice varieties. J Econ Entomol 60: 347-351.

Fox RL, Silva JA, Younge OR, Plucknet DL and Sherman GD (1967). Soil and plant silicate response
by sugarcane. Proc Soil Soc Am 6: 775-779.

Gao X, Zou C, Wang L and Zhang Fusuo (2004). Silicon improves water use efficiency in maize
plants. J Plant Nutr 27: 1457-1470.

Gomes FB, Moraes JC de, Santos CD dos and Goussain MM (2005). Resistance induction in wheat
plants by silicon and aphids. Sci Agric 62: 547-551.

Gong H, Zhu X, Chen K, Wang S and Zhang C (2005). Silicon alleviates oxidative damage of wheat
plants in pots under drought. Plant Sci 169: 313-321.

Goussain MM, Moraes JC, Carvalho JG, Nogueira NL and Rossi ML (2002). Efeito da aplicacdo de
silicio em plantas de milho no desenvolvimento bioldgico da lagarta-do-cartucho, Spodoptera
frugiperda (JE Smith) (Lepidoptera: Noctuidae). Neotrop Entomol 31: 305-310.

Hanifa AM, Subramaniam TR and Ponnaiya BWX (1974). Role of silica in resistance to the
leafroller, Cnaphalocrocis medinalis Guenee, in rice. Indian J Exp Biol 12: 463-465.

Hattori T, Inanaga S, Araki H, An Ping, Morita S, Luxovd M and Lux A (2005). Application of
silicon enhanced drought tolerance in Sorghum bicolor. Physiol Plantarum 123: 459-466.

Huberty AF and Denno RF (2004). Plant water stress and its consequences for herbivorous insects: A
new synthesis. Ecology 85: 1383-1398.

Ishiguro K (2001). Review of research in Japan on the roles of silicon in conferring resistance against
rice blast. pp 277-291 In: LE Datnoff , GH Snyder and GH Korndorfer (Eds), Silicon in
Agriculture: Studies in Plant Science, 8. Elsevier Science, Amsterdam, The Netherlands.

Keeping MG (2006). Screening of South African sugarcane cultivars for resistance to the stalk borer
Eldana saccharina Walker (Lepidoptera: Pyralidae). Afr Entomol 14 (in press).

Keeping MG and Meyer JH (2002). Calcium silicate enhances resistance of sugarcane to the African
stalk borer Eldana saccharina Walker (Lepidoptera: Pyralidae). Agr Forest Entomol 4: 265-274.

Keeping MG and Rutherford RS (2004). Resistance mechanisms of South African sugarcane to the
African stalk borer Eldana saccharina (Lepidoptera: Pyralidae): A review. Proc S Afr Sug
Technol Ass 78: 307-311.

Kvedaras OL, Keeping MG, Goebel R and Byrne M (2005). Effects of silicon on the African stalk
borer, Eldana saccharina (Lepidoptera: Pyralidae) in sugarcane. Proc S Afr Sug Technol Ass 79:
359-362.

Ma JF, Miyake Y and Takahashi E (2001). Silicon as a beneficial element for crop plants. pp 17-39
In: LE Datnoff, GH Snyder and GH Korndorfer (Eds), Silicon in Agriculture. Elsevier Science,
Amsterdam, The Netherlands.

Meyer JH, Harding R, Rampersad AL and Wood RA (1998). Monitoring long term soil fertility trends
in the South African sugar industry using the FAS analytical database. Proc S Afr Sug Technol
Ass 72: 61-68.

Moraes JC, Goussain MM, Basagli MAB, Carvalho GA, Ecole CC and Sampaio MV (2004). Silicon
influence on the tritrophic interaction: Wheat plants, the greenbug Schizaphis graminum
(Rondani) (Hemiptera: Aphididae), and its natural enemies, Chrysoperla externa (Hagen)

Proc S Afr Sug Technol Ass (2006) 80, page 295



(Neuroptera: Chrysopidae) and Aphidius colemani Viereck (Hymenoptera: Aphidiidae). Neotrop
Entomol 33: 619-624.

Moyal P (1995). Borer infestation and damage in relation to maize stand density and water stress in
the Ivory Coast. Int J Pest Manage 41: 114-121.

Salim M and Saxena RC (1992). Iron, silica, and aluminum stresses and varietal resistance in rice:
Effects on whitebacked planthopper. Crop Sci 32: 212-219.

Wang MQ (2005). Effect of complete silicon fertlizer on rice yield. Acta Agr Shanghai 21: 71-73.

White TCR (1984). The abundance of invertebrate herbivores in relation to the availability of nitrogen
in stressed food plants. Oecologia 63: 90-105.

Wiese J, Wiese H, Schwartz J and Schubert S (2005). Osmotic stress and silicon act additively in
enhancing pathogen resistance in barley against barley powdery mildew. J Plant Nutr Soil Sc 168:
269-274.

Proc S Afr Sug Technol Ass (2006) 80, page 296



	Plenary Sessions
	Eighty-First Annual Review of the Milling Season in Southern
	Fuel Cells, Fuels and Future Energy
	A Survey of Value Addition in the Sugar Industry
	CAPCONN, An Integrated Supply Chain Model Framework: Develop
	The Complexities of Introducing the FREDD Vehicle Scheduling
	Incorporation of Sugarcane Harvesting and Transport Variable
	Performance of Onboard Weighing Systems on Sugarcane Transpo
	Evaluation of the Illovo Mechanical Cane Cutter
	Soil Compaction Decision Support
	An Approach towards the Derivation of a Reference Traffic Se
	Simulation Model to Reduce the Impact of Rain Stops and Brea

	Agriculture Sessions
	Session 1: General Agriculture and Breeding
	Selection and Management of Varieties through the Felixton S
	The Impact of Trashing on Yield Response in the South Africa
	Preliminary Observations on Sugar Beet (Beta vulgaris saccha

	Session 2: Crop Physiology and Modelling
	The Effect of Row Spacing on Inter-Row Competition in Sugarc
	An Investigation on the Utility of the Sunscan Ceptometer in
	A Quantitative Study of Water Stress Effect on Sugarcane Pho
	Modelling Trash Management and its Impacts: Model Performanc

	Session 3: Water Management
	Australian Sugar Industry Response to Water Price Increases
	Estimates of Regional Scale Water Use for Sugarcane in South
	Application of a Catchment-Scale Irrigation Systems Model
	The Effect of Plant Residue Layers on Water Use and Growth o
	Drying off Sugarcane on Soils with Low Water Holding Capacit

	Session 4: Poster Session
	A Successful Methodology for the Establishment of an Extensi
	Modelling Trash Management and its Impacts: Methodology
	Use of Laptops and PDAs in the Field Collection of Survey D
	Attraction of Eldana saccharina (Lepidoptera: Pyralidea) to 
	Incidence of Fulmekiola serrata (Thysanoptera: Thripidae) in

	Session 5: Special Focus on Eldana
	First Records of the Stem Borer Complex (Lepidoptera: Noctui
	Impact on Yield Due to Early and Late Phase Infestation by E
	Differences in Mitochondrial DNA and Fertility of Crosses Be
	Habitat Management using Melinis minutiflora (Poaceae) to De
	Progress in the use of Aerially Applied Fastac® (Alpha-Cyper

	Session 6: Sugarcane Pests and Nematodes
	A New Association: Trichogramma bournieri Pintureau and Baba
	Response of Goniozus indicus (Hymenoptera: Bethylidae) to Su
	Recent Developments in the Control of Idaecamenta eugeniae (
	Molecular Identification of South African Sugarcane White Gr
	Green Manure Crops: Agronomic Characteristics and Effect on 
	Effect of Variety Combinations on Yield of Sugarcane

	Session 7: Special Focus on Silicon
	Silicon use for Pest Control in Agriculture: A Review
	An Assessment of Soil Extraction Methods for Predicting the 
	Silicon and Water Stress Synergy in Resistance of Sugarcane 

	Session 8: Diseases of Sugarcane
	Fungicide Trials to Determine the Effect of Brown Rust on th
	Fungicide Sprays to Control Brown Rust (Puccinia melanocepha
	Evaluating the Inhibitory Activity of Synthetic Anti-Microbi


	Factory Sessions
	Session 1: Engineering: Diffusers
	A Review of Cane Diffusion at Sezela and Umzimkulu Sugar Fac
	The Effect of Clay Type Soil in the Diffuser at Umfolozi Mil
	First Impressions of ADI Chain Installed in the Amatikulu Di

	Session 2: Energy and Electrical
	Load Flow Study for Nchalo Mill
	Power Factor Correction used to Release System Capacity for 
	Why do we Continue to Burn so Much Coal?

	Session 3: Factory Posters
	Evaluation of the Berthold Technologies Microwave Probe
	Survey on the use of Starch Hydrolysing Enzymes in South Afr

	Commercial Session
	Session 4: Processing : Raw House Operations
	Applications of Capillary Viscometry in Cane Sugar Factories
	Numerical Study of the Flow in Air Flotation Syrup Clarifier
	Experiences of Massecuite Pipeline Explosions Caused by the 

	Session 5: Processing : Crystallisation and Centrifugation
	Automatic Measurement of Crystal Size Distribution using Ima
	Testing of Wash Water Equipment in A-Centrifugals at Felixto
	Centrifugal Control with Automatic Colour Measurement
	Some Comments on the Elongation Ratio of Crystals in C-Masse

	Session 6: Processing : Maximising Sucrose Recovery
	The Effect of some Impurities on the Target Purity Formula
	Practical Steps taken at Tongaat-Hulett Sugar Factories to A
	Crystal Recovery Efficiency: Three Years on

	Session 7: Colloquium on Crystallisation Not available at ti

	Colloquium: Sugar Drying and Conditioning
	Theory of sugar drying and conditioning
	Dryer Modelling
	Operation and control of rotary sugar dryers
	A 23 year review of fluidised bed drying at Sezela

	Workshop: Transport Systems
	Cane Transport Costs and Benchmarking
	Experience with Central Tyre Inflation Systems
	Experience with On-Board Weighing Systems
	Overloading and PBS
	Scheduling Vehicles (A Sezela case study with ASICAM)
	Scheduling Vehicles (JPT)
	Introducing Scheduling to a South African Sugar Mill (Fredd)
	Wrap Up and Way Forward

	Workshop: Conservation Production Systems
	Research Initiatives to Improve Soil Health in SA Sugar Industry
	No Till, the Concept and Experiences
	Trashing as a Proven Conservation Practice
	Application of CMS, a Grower’s Experience
	Intercropping and Fallow Cropping
	Infield Compaction due to Vehicles
	Precision Agriculture as a Potential Conservation Aid
	Panel Discussion

	Search Current Proceedings
	Keyword and Author Index 1924 - 2005
	SASTA
	Editors and Reviewers
	Instructions for Authors
	Officers 
	Award Winners

	Sponsors
	Disclaimer and Copyright
	Support & Assistance
	Exit

