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	Most basic information on plant-mealybug interactions during the last decade has come from research on the cassava Manihot esculenta Crantz (Euphorbiaceae) system with two mealybug species, namely Phenacoccus manihoti Matile-Ferrero and Phenacoccus herreni Cox and Williams (Sternorrhyncha: Pseudococcidae). Both these insects cause severe damage to cassava in Africa and South America, respectively.

        
	This book reviews these interactions (plant selection by the insects, nutritional requirements, influence of the climate, intrinsic and extrinsic plant-defence mechanisms). It should be useful for entomologists, crop scientists, agronomists and ecologists as well as for teachers and students.

      

      
        
	Au cours des dernières décennies, la plupart des recherches sur les interactions plantes-cochenilles farineuses ont porté sur le modèle manioc-cochenilles (Manihot esculenta Crantz, Euphorbiaceae/Phenacoccus manihoti Matile-Ferrero et Phenacoccus herreni Cox et Williams, Sternorrhyncha, Pseudococcidae). Ces insectes peuvent être respectivement responsables de pertes de récoltes importantes dans les parcelles de manioc en Afrique et en Amérique du Sud.

        
	Cet ouvrage présente ces interactions ainsi que les facteurs qui les influencent : mécanismes de sélection de la plante par les insectes, identification des éléments nutritifs de la plante pour le développement des insectes, mécanismes de défense intrinsèques et extrinsèques de la plante aux insectes et influence du climat sur ces interactions. Il s’adresse aux entomologistes, améliorateurs de plantes, agronomes et écologistes ainsi qu’aux enseignants et étudiants.
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          Introduction

        

        Paul-André Calatayud and Bruno Le Rü

      

      
        
           Mealybugs are scales of the Pseudococcidae family and members of the Sternorrhyncha (formerly Homoptera) order. They are so called due to the thin-tothick mealy or cottony wax secretion covering the insects. Mealybugs are serious pests of fruit trees, ornamentals, food crops and many other cultivated plants. Their morphology, classification, biology, habitats, genetic systems and control measures, including the more recent use of pheromone traps, are well described in the literature. Although a great number of studies have been carried out on basic plant–aphid interactions of Sternorrhyncha (formerly Homoptera), plant–mealybug interactions are poorly described. Most basic information on plant–mealybug interactions during the last decade has come from research on the cassava, Manihot esculenta Crantz (Euphorbiaceae) system with two mealybug species, namely Phenacoccus manihoti Matile-Ferrero and Phenacoccus herreni Cox and Williams (Sternorrhyncha: Pseudococcidae). Both these Pseudococcidae species cause severe damage to cassava in Africa and South America, respectively.

           This book reviews these mealybug–plant interactions. It briefly introduces the cassava plant and describes some aspects of the biology, systematics and distribution of the two mealybug species. The host plant selection behaviour of these mealybugs is then reviewed, presenting their sensory systems, selection and feeding behaviours. Their nutritional physiology is mentioned through the description of their saliva, the biochemical constituents of the ingesta, and the digestive enzymes, thus providing an insight into mealybug nutritional requirements. The influence of climate on cassava-mealybug interactions is also discussed. In addition, plant-defence mechanisms that play a role in host-plant resistance are presented. Intrinsic mechanisms including antixenosis, antibiosis and tolerance, and extrinsic mechanisms relating to active interactions between mealybug-infested plants and the third trophic level of insect parasitoids and predators are discussed.

           Published as well as unpublished works are reviewed. In the case of the latter, results are given in more detail and the authors’ contributions, as well as the materials and methods used, are presented. In general, this review offers an insightful and analytical perspective of cassava–mealybug interactions, giving personal views and presentations. We believe our assessments will contribute to a better understanding of these interactions. This book should be useful for entomologists, crop scientists, agronomists and ecologists, among others. The information presented will hopefully stimulate and form a basis for future investigations into this area of research.

          
             
            Nairobi, July 2006
          

        

      

    

  
    
      
        
          1. Cassava and mealybugs

        

      

      
        
          THE CASSAVA PLANT

           Cassava, Manihot esculenta Crantz (Euphorbiaceae) (Figure 1.1), is a perennial root crop native to tropical America and introduced into Africa by the Portuguese in the 1600s. Since that time, cassava has constituted a major food crop for more than 500 million people in the tropical countries of Africa, Asia and Latin America (Cock, 1982). It is cultivated mainly for its starchy storage roots, but also for its leaves, which are high in protein. In Africa, this crop is mostly cultivated as a staple by peasant farmers, whereas in Asia and South America it is also grown on a large scale for starch, fodder and fuel.

           Cassava cultivation occurs predominantly in marginal, low-fertility, acidic soils with an annual rainfall ranging from less than 600 mm in the semiarid tropics to more than 1,500 mm in the subhumid and humid tropics (Howeler, 1991) (Figure 1.2). The majority of these regions have an irregular rainfall distribution pattern, generally divided into prolonged dry and wet seasons (El-Sharkawy et al., 1992). In comparison to other staple food crops such as cereals, cassava has a reasonably high productivity under drought and poor soil conditions. Tolerance to prolonged drought is achieved by reduction in the leaf canopy and maintenance of a low but sufficient photosynthetic rate, thereby limiting water loss. Moreover, the plant is capable of slowly extracting deep soil water when it is available (El-Sharkawy, 1993). If the demand for carbohydrates exceeds the supply, however, the plant starts to remobilize carbohydrates from the stems and storage roots to cover respiratory costs and for growth of lateral shoots (Schulthess, 1991; Schulthess et al., 1991).

          THE CASSAVA MEALYBUGS

          Distribution

           Several Pseudococcidae species have been found on Manihot esculenta and on other Manihot species (Matile-Ferrero, 1977; Cox & Williams, 1981). Williams and Granara de Willink (1992) reported the following 19 species of Sternorrhyncha: Pseudococcidae:

          
            	
Ferrisia meridionalis Williams

            	
Ferrisia terani Williams & Granara de Willink

            	
Ferrisia virgata (Cockerell)

            	
Hypogeococcus spinosus Ferris

            	
Nipaecoccus nipae (Maskell)

            	
Paracoccus herreni Williams & Granara de Willink

            	
Paracoccus marginatus Williams & Granara de Willink

            	
Phenacoccus gregosus Williams & Granara de Willink

            	
Phenacoccus helianthi (Cockerell)

            	
Phenacoccus herreni Cox & Williams

            	
Phenacoccus madeirensis Green

            	
Phenacoccus manihoti MatileFerrero

            	
Planococcus citri (Risso)

            	
Planococcus minor (Maskell)

            	
Pseudococcus affinis (Maskell)

            	
Pseudococcus elisae Borchsenius

            	
Pseudococcus mandio Williams

            	
Pseudococcus maritimus (Ehrhorn)

            	
Puto barberi (Cockerell).
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          Figure 1.1.
The cassava plant (a) is mostly cultivated for its starchy roots (b)
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          Figure 1.2.
GIS plot of potential cassava growing areas (defined as having a mean annual rainfall of 500–4,000 mm and mean annual temperature of 19–28°C), and cassava mealybug (Phenacoccus herreni and Phenacoccus manihoti) distribution according to Williams & Granara de Willink (1992) and Neuenschwander (2003)

           Special attention has been given to Phenacoccus manihoti and Phenacoccus herreni because these species can cause severe damage to cassava in Africa and South America, respectively (Matile-Ferrero, 1977; Cox & Williams, 1981) (Figure 1.3 a et b). No mealybug has been reported as causing damage on cassava in Asia.
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          Figure 1.3 a
Typical curling of cassava canopy leaves caused by mealybug infestation
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