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Abstract
Conventional Integrated Pest Management (IPM) systems control pests through informed use
of cultural and biological control and host plant resistance characteristics to minimise
pesticide interventions. Successful IPM is based on a thorough knowledge of the target pest’s
life cycle, and its ecological and behavioural interactions with its environment and natural
controlling factors. A number of new interventions can be added to the IPM arsenal. These
include habitat management, which increases the efficacy of conservation, inoculative and
augmentative biological control; use of plant and insect pathogens and symbionts on target
pest populations to make potential host plants more or less suitable for colonisation; and the
impact of these on adult fertility and offspring sex ratios makes their exploitation, in
combination with interventions such as Sterile Insect Technology (SIT), a real and practical
possibility.
Modern IPM is not only about insect/plant interactions, but about holistic agro-ecosytem
interactions, in which knowledge about plants, pathogens, endophytes, symbionts and insects
are combined to provide crop protection in an area-wide, environmentally friendly manner.
The full chapter on which this short communication is based is now published (Conlong and
Rutherford, 2009).
Keywords: habitat management, Sterile Insect Technology, endophytes, Wolbachia, host plant
resistance, cultural controls

Introduction
Integrated Pest Management (IPM) is described as a ‘knowledge intensive’ approach to
farming (Bartlett, 2002), with the basic building block regarded as sound knowledge of
ecology (Landis et al., 2000; Dofour, 2001; Gurr et al., 2004). The four phases of arthropod
pest management and their interactions (Zehnder et al., 2007) should form the basis of all
IPM programmes.
SASRI has for many years attempted to control Eldana saccharina Walker (Lepidoptera:
Pyralidae) (Carnegie, 1974). Good cultural control measures (Carnegie, 1981; Carnegie and
Smaill, 1982), and resistant varieties have been developed (Keeping, 2006). However, it still
remains a pest throughout the sugar industry (Webster et al., 2005), necessitating a refocusing
of control efforts into area-wide integrated pest management (AW-IPM) (Klassen, 2005). This
marries the more conventional control options with ecologically based new technologies, such
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as delineation of within-species populations, chemical ecology, habitat management, sterile
insect technology (SIT), and utilising plant endophytic pathogens and Wolbachia to produce a
workable IPM strategy.
Ecology
Conlong (2001) found behavioural, host plant and natural enemy differences between
populations of E. saccharina occurring in South and West Africa, with them seemingly
coming together in Uganda. These differences between different populations of a
morphologically similar species made it an ideal candidate for molecular systematic analyses.
Assefa et al. (2006), using cytochrome c oxidase subunit 1 (CO1), separated the African
species into three groups (west, south and Ethiopian). Two of these groups (west and south)
were found in Uganda. Genetic diversity between these groups was larger than that of related
species of other lepidopterans. IPM programmes, which use classical biocontrol and/or
translocation of natural enemies (Schulthess et al., 1997) as management options, can be
enhanced with such techniques to identify cryptic species, or populations of species, most
closely related to each other, leading to more informed decisions on natural enemy selection
against problem pest species.
Habitat management
Understanding the role of the plant in managing insect populations is very important, as it has
attributes that attract and repel insects (Cortesero et al., 2000; Wäckers et al., 2005). An
example comes from biological control efforts against E. saccharina. It has been puzzling
why parasitoids of E. saccharina, abundant in indigenous host plants (Conlong, 1990), are
never found in E. saccharina infested sugarcane, even if adjacent to indigenous host plants.
Smith et al. (2006) showed that the crop and indigenous host plants emit different volatile
profiles, and these different profiles are more evident when plants are attacked by E.
saccharina. Prior to this discovery, it was hypothesised that a ‘barrier’ prevented natural
enemy movement between the two habitats, prompting early habitat management work.
Eldana saccharina has a hierarchical preference in choosing a host plant habitat to oviposit in,
selecting sugarcane only after Cyperaceae (Conlong et al., 2007) and maize (Keeping et al.,
2007). Both the latter have E saccharina population controls in place- natural enemies in the
Cyperaceae (Conlong 1990, 1997) and genetically engineered Bt toxins in maize (Keeping et
al., 2007). Further evidence to promote habitat management was the repellent properties of
Melinis minutiflora Beauv. to cereal stemborers, and its attractant properties to their
parasitoids (Khan et al. 1997a,b; 2001). Kasl (2004) showed that E. saccharina was repelled
by this grass, and that Xanthopimpla stemmator (Thunberg) (Hymenoptera: Ichneumonidae)
parasitised more E. saccharina pupae in sugarcane in the presence of this grass, than in
sugarcane only. Eldana saccharina populations and damage were halved in M. minutiflora
field plots compared to pure sugarcane control plots (Barker et al., 2006).
The success of these trials led to the development of a farm based habitat management plan,
incorporating indigenous host plants and Bt maize as ‘pull’ plants and M. minutiflora as the
‘push’ component. In addition, it incorporates E. saccharina resistant sugarcane varieties
suited to soil types and environmental conditions (Figures 1 and 2). An added aspect is
planting buckwheat, which attracts adult parasitoids and predators into the environment by
providing pollen and nectar to enhance indigenous natural enemy activity (Wäckers et al.,
2005; Zehnder et al., 2007).
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Induced plant resistance
In addition to ecological knowledge, host plant resistance is regarded as another basic
requisite for IPM (Maxwell, 1985). Keeping and Meyer (2002) demonstrated sugarcane
resistance enhancement by incorporating silicon into soil. The use of plant elicitors to induce
resistance (Zehnder et. al., 2007) shows much promise in IPM. Stout et al. (2002), review the
concept of inducing resistance of plants to insect herbivores. Many of these elicitors have a
two-fold benefit: they induce resistance, and attract predators and parasitoids into crop fields,
increasing foraging populations (James et al., 2005).
The fourth trophic level
Fungal endophytes
In Cyperus papyrus L., Beauveria bassiana is a major mortality factor of E. saccharina
(Conlong 1990). In trials testing the efficacy of B. bassiana as a dip to kill E. saccharina in
sugarcane setts to be used for planting, no colonisation of existing borings by this fungus was
demonstrated (unpublished results1). When E. saccharina bores into sugarcane; however, a
reddish discoloration around the boring is caused by Fusarium spp. This fungus was
aggressive, not allowing colonisation by B. bassiana (personal communication2). Following
on from this and work of Schulthess et al. (2002), McFarlane and Rutherford (2005) isolated
endophytic Fusarium spp. from sugarcane. These species elicited different responses from E.
saccharina. Some were beneficial to the borer, showing similar attraction as demonstrated by
Schulthess et al. (2002). Others were antagonistic, with E. saccharina growth retarded, and
being repelled (McFarlane and Rutherford, 2005, 2006).
The most attractant Fusarium isolate to E. saccharina is F. pseudonygamai (McFarlane and
Rutherford 2005, 2006). In an IPM approach against E. saccharina, hot water treatment or
treatment with fungicides of seedcane could reduce infestation by F. pseudonygamai, thereby
reducing E. saccharina infestation. Alternatively, the facilitation of endophytic colonisation
of sugarcane by antagonistic Fusarium species (McFarlane and Rutherford 2005; 2006) could
afford more sustainable environmentally friendly protection against E. saccharina, as these
may restrict colonisation of sugarcane by isolates beneficial to E. saccharina.
Wolbachia
In reviews on Wolbachia, infection symptoms such as feminisation of genetic males,
parthenogenesis induction, male embryo killing and cytoplasmic incompatibility (CI) of
related strains of arthropods are regarded as useful characters for population regulation
(Werren, 1997; Floate et al., 2006; Bourtzis, 2007). These alter reproductive success of their
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Figure 1. Conceptual diagram for a habitat management based IPM approach to
control thrips (Thysanoptera: Thripidae) at planting, and Eldana saccharina
infestation in older sugarcane: Management just prior to planting and at planting.
(VR3, VR5, VR7= sugarcane varieties recommended for the particular soil and
environmental conditions of the planting site, and resistant to E. saccharina) (From
Conlong and Rutherford, 2009).
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Figure 2. Conceptual diagram for a habitat management based IPM approach to
control thrips (Thysanoptera: Thripidae) at planting, and Eldana saccharina
infestation in older sugarcane: Management from planting to harvest. (VR3, VR5,
VR7= sugarcane varieties recommended for the particular soil and environmental
conditions of the planting site, and resistant to E. saccharina). (From Conlong and
Rutherford, 2009).
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hosts (Floate, 2007). Wolbachia thus have potential as a ‘new’ biological control agent
(Bourtzis, 2007; Floate, 2007), because they enhance productivity of natural enemies
(Werren, 1997). In addition, Wolbachia-induced CI directly suppresses populations of
economic and public health importance, and can be used as a tool to spread genetically
modified strains into wild populations and as an expression vector, after a genetic
transformation system for this bacterium is developed (Bourtzis, 2007).
The confirmation of Wolbachia presence in E. saccharina from Kenya, Uganda and Tanzania
opens the use of Wolbachia in the SASRI IPM strategy. Cytoplasmically inherited Wolbachia
infections can spread through uninfected populations due to CI (Werren, 1997). Could this be
achieved in the uninfected South African population? If so, a female biased field population
can be expected. This would complement sterile insect technology, especially F1 male
sterility.
Links with Sterile Insect Technology (SIT)
The area wide integrated pest management (AW-IPM) concept was introduced when locust
plagues and vector borne diseases had to be controlled (Klassen, 2005). This concept makes
sense, as insects don’t consider international, provincial, or farm boundaries. Their
distributions are constrained by biotic and abiotic factors. Klassen (2005), Dyck et al. (2005)
and Vreysen et al. (2007) review AW-IPM development and show its links with SIT.
For Lepidoptera, doses of radiation are too high if full sterility is the desired outcome
(Carpenter et al., 2005), as these doses affect other life functions, making them less fit than
their wild counterparts. This does not make them unsuitable for SIT, as inherited sterility is
another option (Carpenter et al., 2005), which allows the radiation dose to be adjusted lower
to produce partially sterile but more fit males who, when mated with wild females, have
radiation induced deleterious effects passed on to their F1 generation. This results in reduced
egg hatch with F1 offspring sterile and male biased (Carpenter et al., 2005). Radiation
biology studies on E. saccharina show it to be a candidate for inherited sterility.
Conclusion
Modern IPM is not only about insect/plant interactions, but about holistic agro-ecosytem
interactions, where increased knowledge about environment, plants, pathogens, endophytes,
symbionts and insects all combine to provide crop protection in an environmentally friendly
manner. As knowledge about and interactions between chemistry of induced plant resistance,
chemical ecology, endophytic fungi and Wolbachia, SIT, and phylogenetics and
phylogeography of arthropods becomes more easily available, it is hypothesised that these
will become important components of AW-IPM, minimising the impacts of synthetic
pesticides. IPM practitioners are encouraged to consider the complete ecology of the
perceived pest, and to use ecological concepts and theory in its management to provide
sustainable, environmentally friendly control rather than the knee-jerk reaction of pesticide
spraying.
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