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ABSTRACT 
 

Cassava (Manihot esculenta Crantz, Euphorbiaceae) is one of the main tuber crops 

that occupy an exceptionally important position as a food security commodity for 

smallholder farmers in sub-Saharan Africa. However, cassava mosaic virus disease 

(CMD) caused by cassava mosaic geminiviruses (CMGs) (Geminiviridae: 

Begomovirus) and transmitted by whitefly (Bemisia tabaci) threatens the production 

of this crop in Africa, causing an estimated annual yield loss of over 1.5 billion US 

dollars. Control measures to date have been the use of virus-resistant varieties, but 

low cost cultural control measures such as intercrops or manipulation of the cropping 

system have been relegated to the background. Most African farmers are unable to 

afford insecticides for the control of this insect while the insect has developed 

resistance against most classes of insecticides. This thesis examines the possibility 

of manipulating the cropping system using strip crops, a low cost and low input 

cultural control method, in managing Bemisia tabaci populations in cassava. A 

significantly lower number (P < 0.05) of immature (egg and nymph) and adult 

Bemisia tabaci were found in cassava plots surrounded on all sides by five rows of 

both cotton and Jatropha curcas. Additionally, J. curcas strips appeared to repel 

Bemisia tabaci and lower its populations in cassava. Planting of J. curcas around 

cassava plots also lowered CMD severity in cassava significantly. Future studies 

including investigations into the insecticidal and ovicidal properties of J. curcas will 

elucidate the behavioral and physiological mechanism for whitefly suppression in 

cassava.  
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CHAPTER   1 
 

GENERAL  INTRODUCTION 
 

Cassava (Manihot esculenta Crantz) is an essential part of the diet for 

more than half a billion people in Africa, Latin America and Asia (FAO 2000). It is 

next to maize regarding calories consumed and an important carbohydrate 

supply for two out of every five Africans (Nweke 2004) and source of income for 

farmers in several African countries (Nweke 1998). Cassava is the fourth largest 

source of carbohydrate in the world and the most important food crop in Africa. 

World cassava production is estimated to be about 203 million tonnes per year 

and Sub-Saharan Africa is the principal cassava producer in the world producing 

82 million tonnes, which is equivalent to 54% of total world production, and FAO 

forecasts that production will rise to nearly 210 million tonnes by 2005. On 

average, farmers produce about 10 tonnes of cassava per hectare, but yields can 

be as high as 40 tonnes. Estimates have it that the introduction of high-yield 

varieties improved pest and disease control and better processing methods could 

increase cassava production in Africa by 150 percent (FAO 2004). Cassava is the 

largest staple crop in Ghana with an estimated production of over 10 million 

metric tonnes a year. Land area under cassava production in Ghana is estimated 

to be 800,000 ha with an average yield of <12 tonnes per ha (RTIP 2004). 

 

Global cassava utilization as food, the bulk of consumption occurring in 

Africa in the form of fresh roots and processed products, is estimated at 108 

million tonnes in 2002, an increase of about 2 million tonnes than the previous 
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year. Approximately 70 million people obtain more than 500 Kcal per day from 

cassava and additional 500 million people consume 100 Kcal per day (Kawano 

2003). By 2005, world cassava trade is projected to increase annually by 1.6% up 

to 5.8 million tonnes, reflecting a moderate growth in import demand for cassava 

feed (used for chicken, pigs, cattle and fish) and other novel cassava food 

products. Approximately 80% of the world’s cassava production is used in human 

consumption, which is the most important carbohydrate source for more than 500 

million people in the tropical world (FAOSTAT 2003). In Ghana, cassava is 

primarily used for human consumption in the form of “fufu”, “banku”, “yakayake” 

and dried for use as “kokonte”. It is also processed as “gari” and tapioca. In 

recent years, it is also becoming an important industrial crop as it serves as raw 

material for industrial starch production. Cassava is also a major food security 

crop in Ghana as it supports the livelihood of a majority of the 22 million people in 

the country. Moreover, cassava can be used in preparing varieties of meals that 

are very popular among all classes of people particularly the poor of the society 

in Ghana. Cassavas processed in the form of “gari” and “kokonte” and are 

popular in Ghana, Nigeria and several other West African states and can be 

stored for years without any loss in food value. In Ghana, cassava is the most 

important staple crop that needs to be managed efficiently to improve food 

security. This fact may pertain to a number of sub-Saharan African countries 

(Moses et.al. 2005).  
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Cassava can be cultivated in a range of environments including protracted 

periods of drought. Because the cassava has indeterminate and perennial growth 

patterns, tubers could be left in the soil for several months until needed for 

utilization. In addition, cassava produces acceptable yield in marginal lands and 

under incredibly unfavourable growing conditions, thus providing food security 

(Thresh and Cooter 2005). The cassava root, the most valuable portion of the 

plant, generally contains 92% carbohydrates of its dry matter, whereas the leaves 

contain 7% proteins on fresh weight basis and are used in vegetable meal 

preparations in Ghana and other African countries (Moses et al. 2005). Crop 

adaptation to a range of climatic and edaphic conditions together with tolerance 

to drought and certain pests and diseases relative to other crops provides a 

comparative advantage to combat drought-triggered famine in many African 

countries (Fresco 1993).  

 

Nweke et al. (1999) reported in their working paper on “Collaborative 

Study of Cassava in Africa (COSCA)” that the cassava crop is the most essential 

of all the arable crops grown in Ghana. The COSCA report further revealed that 

cassava is the most important and dominant staple crop in Ghana. Regions 

where the other major staples such as plantain, maize, millet and sorghum were 

thought of as most important were found by COSCA to be prone to famine. 

Cassava acts as a famine prevention crop wherever it is extensively cultivated. 

Famine is a rare occurrence in areas where cassava is grown because it 
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provides a staple base to the food production system (Romanoff and Lynam 

1992).   

 

The average fresh root yield of cassava in Ghana is generally <12 tonnes 

per ha (RTIP 2004). Yields as high as 30 tonnes per hectare or more can be 

achieved, but diseases and pests are among the major limitations preventing 

optimum yields from being realized. Major cassava diseases in Africa include 

cassava mosaic disease (CMD), cassava bacterial blight (CBB), cassava root 

and stem rots, cassava anthracnose disease (CAD) and Cercospora leaf 

diseases (Hillocks and Wydra 2002). CMD and CAD are very high in cassava 

growing areas of Ghana (Moses and Lamptey 2001). Severity of the two 

diseases is quite high in most cassava-growing districts of the country. A good 

number of the varieties cultivated in the country as well as introduced improved 

varieties are vulnerable to these two diseases. Cassava anthracnose caused by 

Celletotrichum gloeosporiodes f. sp. manihotis Henn. (Penz) Sacc. is 

characterized by development of cankers on stems, branches and fruits, leaf 

spots and tip dieback (Hillocks and Wydra 2001). The disease is exacerbated by 

humid, wet conditions (Fokunang et. al. 1999).  

 

Cassava mosaic virus (CMD) is the most biotic restraint to cassava 

production in all cassava producing regions of Africa and Southern India causing 

economic yield losses (Calvert and Thresh 2001). The disease is caused by 

Begomoviruses (Geminiviridae: Geminivirus Sub-group III) transmitted by the 
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whitefly Bemisia tabaci Genn (Legg et el. 2001; Fargette et el. 2006).  CMD, 

which is characterized by a mosaic pattern of chlorotic areas on the leaves and 

stunting of plant during severe infestations, has a higher incidence in all the 

ecozones of Ghana (Wydra and Verdier 2002).  

 

Unfortunately, the bulk of farmers in Ghana have very little or no 

understanding of plant diseases and as a result, do virtually little or nothing to 

control the diseases. Surprisingly most cassava farmers believe some disease 

signs of the crop as common features of the plant (Moses et al. 2005). The 

insect, whitefly (Bemisia tabaci), transmits tomato yellow leaf curl virus and okra 

leaf curl virus (Burban et al. 1992). Yield losses due to CMD in Africa are 

estimated to be in the range of 19 - 27 million metric tonnes annually, 

corresponding to US $1.5 billion (Thresh et al. 1994; Pita et al. 2001). This type 

of economic impact led to the conclusion that CMD is the most damaging plant 

virus disease in the world (Legg and Fauquet 2004). 

 

The viruses are transmitted by the whitefly, Bemisia tabaci Gennadius, 

and are spread through infested cuttings, which is a usual mode of cassava 

propagation. Swanson and Harrison (1994) recognized three assemblages of 

cassava mosaic viruses because of their response to monoclonal antibodies. 

Group A is restricted to West Africa, Burundi, Chad, Uganda and the western part 

of Kenya, Group B is found in Malawi, Madagascar, Zimbabwe and the eastern 

parts of Kenya and Tanzania, and Group C is limited to India and Sri Lanka. 

5 
 



                                
 Texas Tech University, Ebenezer Ato Ewusie August 2008 
 
These groups of viruses are now classified as African cassava mosaic virus 

(ACMV), East African cassava mosaic virus (EACMV) and Indian cassava 

mosaic virus (ICMV), respectively, based on substantial differences in their 

nucleotide sequences (Hong et al. 1993).  

 

It is anticipated that cassava will become a even more important food crop 

as human populations and demands on the available land continue to increase 

and soil fertility becomes more limiting (Cockcroft 2004). This notwithstanding, 

the productivity of cassava in sub-Saharan Africa is generally low, partly because 

of the deleterious effects of pests and diseases. There is, therefore, an 

overpowering justification for the control of this disease, particularly in regions 

where infection is prevalent and severe. An important requirement, however, is 

that measures adopted should be simple, inexpensive, and affordable to 

subsistence farmers. In addition, these measures should be sustainable and 

involve little or no use of pesticides to avoid adverse effects on human health, 

natural enemies and the environment (Thresh and Cooter 2005). The primary 

control measures for CMD to date have focused on phytosanitation and planting 

of disease-resistant cultivars. Thresh and Cooter (2005) reported that the 

research effort has been very inadequate in relation to the enormous importance 

of cassava in Africa and to the enormity of the CMD problem. Nevertheless, 

several approaches to controlling this disease have been considered. However, 

these approaches have not been fully evaluated to examine their efficacy at 

various agroecosystems. There is also a general lack of educational information 
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available to growers as to the understanding of crop cultivars, disease severity, 

and management practices (Thresh and Cooter 2005). 

 

The attractiveness of a crop by whiteflies depends on its reception for 

landing, feeding, oviposition, and optimum population growth. Therefore, in 

manipulating the habitat, it is essential to include host plants that are acceptable 

to the target insect pest. Osiru et al. (1999) recommended the use of varietal or 

crop mixtures to minimize CMD incidence and severity in locale where 

intercropping is widespread and accessibility of CMD-resistant cassava varieties 

remains a problem to farmers. 

 

Cultural methods of control using varietal mixtures, intercrops or other 

cropping practices have been relegated to the background, and there is a need 

for additional research before they can be deployed effectively (Thresh and 

Cooter 2005). Manipulating the habitat has been shown to enhance biological 

control of crop pests in agroecosystems (Thomas et al.1991; Alderweireldt 1994). 

Strip intercropping, growing two or more crops concurrently in different strips 

wide enough to permit independent cultivation, but narrow enough for the crops 

to interact agronomically (Vandermeer 1989), can be adopted for various 

purposes,  such as habitat diversification in agro-ecosystems for the benefit of 

insect predators (Tonhasca 1993).  
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A classic example of habitat manipulation is the interplanting of strips of 

alfalfa among larger blocks of cotton (Stern 1991). The alfalfa strips was an 

effective trap crop in this system as they were more attractive to Lygus spp. and 

spider mites than the blocks of alfalfa. Trap crops were also employed to control 

the sugar beet cyst nematode (Heterodora schachtii). Alternate host crops, such 

as radish or mustard, excite the nematode to hatch and invade the alternate host 

root that supports little or no nematode reproduction. Thus, the alternate host 

crop is subsequently killed by herbicides after nematode invasion to prevent the 

nematode from reproducing (Coaker 1987). However, an intercropped system 

might not essentially reduce pest density (Bugg et al. 1991) or increase yield 

(Carr et al. 1993). Nonetheless, in some cases, intercropped system augment 

predator abundance and act as a sink for predators by being more attractive than 

the primary crop itself (Parajulee et al. 1997).  

Strip cropping or trap cropping is a compatible component of a biological 

control tactic that fits into the ecological framework of habitat manipulation of an 

agroecosystem for pest management. Several cultural techniques are used to 

modify the crop habitat as part of an integrated pest management (IPM) strategy, 

and such modifications can come about at the within-crop, within-farm, or 

landscape level (Landis et al. 2000). The recent revival of awareness in trap 

cropping as an IPM tool stems from concerns about likely negative effects of 

pesticides on human health and the environment, pesticide resistance, and 

general economic reflection of agricultural production (Shelton and Badenes-

Perez 2005). Trap crops also known as pest breaks, are specialized form of strip 
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cropping that adds modification to the farm operation, attracting pests away from 

the target crop(s) and adding valuable biodiversity to the agro-ecosystem. Thus, 

they are plant stands that are by way of manipulation, set up to attract, divert, 

intercept, and/or retain targeted insects or the pathogens they vector so as to 

reduce damage to the main crop (Shelton and Badenes-Perez 2005). 

This study was designed to investigate whether growing strips (pest break 

strips) of Jatropha curcus L. and cotton, Gossypium hirsutum L., intermixed with 

main crop (cassava plots), could be used as a cultural method to control the 

transmission of cassava mosaic virus by the whitefly Bemisia tabaci. 

 

1.1. Objectives 

Specific objectives of the research were to: 

1. quantify the arthropod complex in cassava and strip-planted cotton and 

Jatropha curcas, 

2. investigate the effect of cotton and Jatropha curcas in conserving and 

relaying  natural enemies and/or serving as sinks for the whitefly (Bemisia 

tabaci), and 

3. investigate the relationship between Bemisia tabaci abundance and 

cassava mosaic disease infestation timing and disease severity. 
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CHAPTER  2 

LITERATURE   REVIEW 
 

2.1. The cassava plant 

Cassava (Mahihot esculenta Crantz), also known as yucca (Spanish), 

manioc (French), or mandioca (Portuguese), is a vegetatively propagated starchy 

root crop that provides a source of revenue for more than 500 million people in 

Africa, Asia and Latin America. This hardy root crop (Plates 1 and 2) serves as a 

staple food for many families; it is also a source of commercial animal feed, fibre 

for the paper and textile manufacturers, and starch for the food and 

pharmaceutical industries (CIAT 2001). It is the fourth most important source of 

carbohydrates for human consumption in the tropics, after rice, sugar, and maize, 

(Bellotti et al. 1999) and the second most significant food staple, after maize, with 

reference to calories consumed in Africa (Nweke 2004). 

 

 

10 
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Plate 1                 Plate 2  
 
Cassava plant      Cassava roots 
 
 

 2.1.1.  Origin and history of cassava 
 

Archaeological findings in the Amazon (Gibbons 1990) suggests that 

cassava is an ancient crop which was domesticated between 5000 – 7000 BC 

(Lathrab 1970). Although the exact location of the first domestication of cassava 

is not known, current consensus is that the domestication took place somewhere 

in Central or South America, perhaps along the southern border of Brazil, where 

wild relatives of cassava are currently found. The Carib and Arawak Indians of 

the Caribbean and northern South America were most likely to be among the 

earliest cultivators of cassava, and much of their customary and processing 

techniques are still intact in the Amazon basin (Henry and Hershey 2002).  

11 
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When the Portuguese began to import slaves from Africa in the 16th 

century, they used cassava in the form of meal (farinha) to cater for the food 

needs of passengers on their ships and so started cultivating cassava taken from 

Brazil at their stations along the coast of West Africa thereafter. From their station 

close to the mouth of the Congo River, cassava spread out to all of central Africa. 

The Portuguese were also responsible for introducing cassava to East Africa, 

Madagascar, India, Ceylon, Malaya, and Indonesia by the 1700s. Africa now 

produces more cassava than the rest of the world (Hillocks 2002). 

 

Cassava was probably first introduced in Asia in the late 18th and early 19th 

centuries. India, Java and the Philippines were locations of early arrival of 

cassava introductions by the European explorers who obtained cassava from 

South America. Major cassava producing countries in Asia are Indonesia, 

Thailand, India, China, Philippines and Vietnam (Onwueme 2002). 

 

2.1.2. Taxonomy and biology 

Manihot esculenta Crantz is classified in the Division Magnoliophyta, Class 

Magnoliopsida, Order Euphorbiales, Family Euphorbiaceae, and subfamily 

Crotonoideae. It is the only member of the Euphorbiaceae that is cultivated as a 

food crop (Fauquet and Fargette 1990). This family also contains milkweed and 

castor bean. Cassava is a dicotyledonous perennial shrub, reaching a height of 1 

– 4 m.  
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It has simple leaves that are lobed with palmated veins. Odd number of 

lobes is usually encountered and it ranges from three to nine, rarely do we 

encounter 11 lobes and a few cultivars exhibit three-lobed mature leaves (Alves 

2002). Leaves close to the inflorescence are normally reduced in size as well as 

number of lobes and the leaf next to the base of the inflorescence is often simple 

and unlobed. Leaves alternate and have a phyllotaxy of 2/5, meaning that from 

any leaf (leaf 1) there are two revolutions around the stem to reach the sixth (leaf 

6) in the same orthostichy as leaf 1 (Alves 2002).  

 

Older leaves are glabrous with each leaf enclosed by two stipules, that 

remain attached to the stem when leaf is fully developed (CIAT 1984). Majority of 

the stomata are found on the lower (abaxial) surface of the leaves, nonetheless, 

a few are also found along the midrib on the upper (adaxial) surface (Cerqueira 

1989). Stomata on the upper surface are bigger than that are on the lower 

surface. Number of stomata per leaf area is between 278 – 700 mm2 and the 

entire stomata take up 1.4 – 3.1 % of the total leaf area (Alves 2002) (Table 2.1). 

 

Roots develop from the basal cut surface of the stake and rarely form buds 

under the soil. A few of these roots quickly start to bulk and become storage roots 

whiles the rest continue to absorb water and nutrients. The storage roots are 

ready for harvest from 6 – 24 months after planting, depending on cultivar and 

the growing conditions (El-Sharkawy 1993). These matured roots, however, can 

be left in the ground without harvesting for a long period, making it a useful crop 
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as a security against famine (Cardoso and Souza 1999). The matured cassava 

roots are moderately long and tapered, with a firm uniform flesh encased in a 

removable bark, about 1 mm thick, rough and brown on the outside. A woody 

cordon runs along the root’s axis. The edible part can be chalk-white or yellowish 

that breaks like a carrot, and darkens quickly on exposure to the air. 

Consequently, the skinned root must be refrigerated or kept under water until 

ready to be cooked. Roots lose flavor shortly even if kept unskinned and under 

refrigeration, which is a problem for supermarkets. The solution to this problem is 

generally to freeze it or seal it in wax (FAO 2003).  

 

The alternating nodes and internodes form stems and they are woody and 

cylindrical. Many stems can be produced from a single stem cutting used for 

planting. This is because each bud on the stake has the potential of producing at 

least a stem.  

  

The cassava plant is monoecious, that is, separate male and female 

flowers are borne on the same plant (El-Sharkawy 2004). The female flowers 

mature first, 1 – 2 weeks before the male flowers; hence, cross- pollination with 

other crops by insects is possible (FAO 1999b). The flowers are borne at the end 

of the stems and range in colour from greenish- purple to light greenish - yellow.  
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Table 2.1 Selected morphological and agronomic characteristics of leaves and 
their variation in cassava. 
 
Leaf characteristics              Variation                  Reference   
 
Morphological 
 
Apical leaf colour           Light green; dark green;   Fukuda and Guevara (1998)                       
                                          green-purple;   purple.                                                          
                                      
Apical pubescence           Absent           Fukuda and Guevara (1998) 
 
Shape of central lobe       ovoid; elliptic-lanceolate;   Fukuda and Guevara (1998) 
            oblovate-lanceolate;  
                                        oblanceolate; lanceolate; 
                     linear; pandurate; linear  
 
                                       pyramidal; linear-pandurate; 
                                       linear-hostailobada. 
 
Petiole colour       Green-yellow; green;            Fukuda and Guevara (1998) 
         green-red  Red-green;  
                                       red; purple 
 
Mature leaf colour       Light green; dark green;       Fukuda and Guevara (1998) 
                                       green-purple; purple 
 
Protuberance of        No protuberance;         Fukuda and Guevara (1998) 
leaf-scars         protuberant 
       
No. of nodes        3; 5; 7; 9; 11          Fukuda and Guevara (1998) 
 
Agronomic       
 
Petiole length       5 – 30 cm          Ghosh et al. (1988) 
         9 – 20 cm          CIAT (1984) 
 
Total chlorophyll       2.18 – 2.86 mg g-1 leaf         FW  Ramanujam and Jos  

                                                                              (1984) 
 
Central lobe length       4 – 20 cm                    CIAT (1984) 
 
Central lobe width       1 – 6 cm           CIAT (1984) 
 

15 
 



                                
 Texas Tech University, Ebenezer Ato Ewusie August 2008 
 
Table 2.1 continued 
 
Leaf characteristics              Variation                  Reference   
 
Agronomic        
 
No. of stomata 
per leaf area in 
 
adaxial epidermis       278 – 700 mm2           Ghosh et al. (1988); 
                Cerqueira (1989);  
       

Splittoesser and Tunya 
        (1992); Connor and  
                                                                                       Palta (1981) 
Relative area of  
Stomata pore (% 
from leaf area)  1.4 – 3.1%   Cerqueira (1989); Pereira 
        and Splittoesser (1990) 
 
Stipule length  0.5 – 1.0 cm    CIAT (1984) 
Leaf thickness  100 – 120 µm  Pereira and Splittoesser                
                                                                                      (1990) 
 
DM in mature leaf             25%    Barrios and Bressani  
                                                                                       (1967) 
 
Fibre in mature leaf             4.58% DW             Barrios and Bressani  
                                                                                       (1967) 
 
Ash in mature leaf            8.28% DW   Barrios and Bressani  
                                                                                       (1967) 
 
Protein in leaf  7.1 – 8.9% FW  Barrios and Bressani  
                                                                                       (1967) 
 
              28.8% DW   Barrios and Bressani  
                                                                                       (1967) 
 
Soluble carbohydrates 11.36% FW   Barrios and Bressani  
                                                                                       (1967) 
 
              44.84% DW   Barrios and Bressani 
                                                                                       (1967)_______________                        
 
DM, dry matter; FW, fresh weight; DW, dry weight.  (Source: Alves, 2002)  
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Cassava is often classified by the amount of cyanogenic glucoside (CG) in 

the root. Cultivars with < than 100 mg CG Kg-1 fresh weight are classified as 

“sweet”, whereas those with 100 – 500 mg Kg-1 are referred to as “bitter” cultivars 

(Wheatley et al. 1993). A large amount of CG in cassava is linamarin (85%) and 

the remainder is lotaustralin. However, the total amount of CG depends on soil 

and climatic conditions, cultural practices and plant age (McMahon et al. 1995). 

Thus, a sweeter cultivar in one locality may be bitter in another (Stephens 1994). 

Cassava contains hydrogen cyanide (HCN) a volatile poison (LD50-60) mg is 

deemed unsafe for human consumption (Cooke and Coursey 1981). However, 

the amount of HCN concentration is reduced to safe levels through juice 

extraction, fermentation, drying and heating or a blend of these processing 

treatments (O’Hair 1998).    

 

 2.1.3.   Agronomic practices 

Cassava is principally grown in the tropics and subtropics, and can be 

cultivated in very diverse environments. It is versatile in its need for water, 

producing a crop in regions with annual rainfall of between 500 - 5,000 mm (20 - 

200 inches) (Peterson 2004). It is often grown in areas too humid for grain crops; 

it exceptionally tolerates drought and poor soils. Cassava is also tolerant to low 

soil fertility and acidity, which are the conditions that prevails in high rainfall areas 

in the tropics (Howeller 2002). It is frequently grown on marginal lands, and can 

produce yields of 5 - 6 t/ha on soils that would not support other crops. 
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The stem cuttings used for new crop planting are easily obtained from the 

plant stems in farmer’s existing crop without having to get from a commercial 

supplier. While the crop can be economically affected by some arthropod pests, 

diseases and weed competition, it mostly requires modest attention once 

established (Leihner 2002). At maturity, the crop can survive many months 

without rain. Stakes (stem cuttings) used for planting should be at least 20 cm 

long with a minimum of three (3) nodes and viable buds as propagules. The 

selection of healthy, disease-free and pest-free propagules is essential. In areas 

where freezing temperatures are possible, the stakes are planted soon after the 

danger of frost has past (O’Hair 1995). Stakes are hand planted in moist, 

prepared soils, burying the lower half. When soils are too superficial to plant the 

stakes in an upright or slanted position, the stakes are laid flat and covered with 2 

- 3 cm soil. Although the bulk of cassava planting is still done by hand, 

mechanical planters are now available that should drastically reduce labour 

inputs in large farm operations (O’Hair 1995).  

 

Observing the polarity of the stakes is essential in successful 

establishment (O’Hair 1995). The top of the cutting must be placed up with buds 

facing up. Typical plant spacing is 1 m by 1 m. Stakes produce roots within a few 

days, and new shoots soon appear at the old leaf petiole axes on the stem 

(O’Hair 1995). It is therefore possible to obtain 100% regeneration from healthy 

cuttings. Best yields are obtained when cassava is planted at the beginning of the 

rainy season. A total biomass of 45 t/ha, in 12 months can be expected under 
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favorable conditions. Maximum yield potential is about 30 t root dry matter per ha 

in 12 months, with the best yield achieved in light, well-drained soils that are rich 

in potassium (Stephen 1998).  

 

Most cassava cultivars can be harvested in eight months and the roots can 

be stored for up to two years in the soil. Environmental stress can elicit 

remobilization of starch from the tuberous roots (Peterson 2004). Unlike potatoes, 

the enlarged roots of cassava are used primarily for storage and do not play a 

role in reproduction. Cassava can characteristically recover after stems and 

leaves have been damaged by pests, diseases, or other environmental stresses 

(Leihner 2002).  

 

 2.1.4.   Production 

Cassava is generally grown as an intercrop with vegetables, plantation 

crops (such as coconut and coffee), yam, sweet potato, melon, maize, rice, 

groundnut, and other legumes. World production of cassava has increased to 203 

million MT in 2005, cultivated on 16.6 million hectares, with an average yield of 

9.9 tonnes per/ha (FAO 2005).  Although cassava has a comparatively recent 

history in Africa, it is cultivated on nearly 10 million hectares of land from the 

Island of Cape Verde just off Senegal in West Africa to Madagascar, off the 

south-eastern tip of the continent (FAO 2003). Cassava’s success in Africa may 

be attributed largely to its adaptability, capacity to provide acceptable yields 

under marginal farming conditions, and its tolerance to drought. Consequently, it 
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has become the continent’s most important food security crop (Legg and Thresh 

2004). Africa now accounts for 54% of the world’s total cassava production, with 

the other two major producing continents being South America and Asia (FAO 

2003, Tables 2.2, 2.3). However, the yield potential of African cassava is rather 

low (8.9 t/ha) which is only 70% of that in South America and 61% of Asia’s 

production. Poor yields in Africa results from several factors, but the loss due to 

pests and diseases is considered a major limiting factor in the yield drag (Bellotti 

et al. 1999).  
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Table 2.2. World production area and yield of cassava from 1996 – 1999.  
       1996       1997                 1998              1999       __ 
 
Production  
(metric tonne) 
 
World         165,324,042         164,303,125         164,004,441    68,054,531 
Central America         
and Caribbean         1,040,749                999,869            1,017,149         931,876 
Africa                     84,568,300           84,405,250          85,959,190     92,119,233 
Asia                        48,837,430           47,547,650          46,445,280     46,057,280 
Oceania                      198,683                168,092                168,592          183,292 
South America        30,678,879          31,182,262           27,414,220    28,763,123 
 
Area (ha) 
 
World   16,753,288         16,283,302           16,244,075    16,579,480  
Central America             
and Caribbean              202,109              194,521                197,600        196,729  
Africa                       10,290,280        10,097,360            10,331,450   10,823,616      
Asia                            3,757,735          3,477,549              3,482,549     3,276,649 
 
Area (ha) 
 
Oceania                           16,920               15,920                  15,920          15,848 
South America            2,486,247          2,497,953             2,216,553      2,266,638 
 
Yield (t ha-1)   
 
World                    9.87                    10.09                    9.91        10.14 
Central America and                 
Caribbean                                 5.15                    5.14                      5.15         4.74                       
 Africa                                        8.22                    8.36                      8.32        8.51 
Asia                                         13.00                  13.67                    13.32      14.06  
Oceania                                   11.74                 10.56                     10.59      11.57   
South America                         12.32                 12.48                     12.37     12.69 
 
Source: FAO database (2000) 
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Table 2.3. Leading cassava-producing countries, based on averages  
for 2000-2002  
 

Country 
Area 

Harvested     
(ha) 

Yield 
(kg/ha) 

Production 
(mt) 

Nigeria 3,305,000 9,992 33,024,000 
Brazil 1,688,295 13,608 22,974,480 

Thailand 1,061,733 17,057 18,110,000 
Indonesia 1,297,300 12,813 16,622,320 

Democratic Rep. 
of Congo, 1,903,056 8,114 15,441,370 

Ghana 726,966 12,290 8,934,627 
Tanzania 710,500 9,802 6,964,000 

India 270,000 25,432 6,866,666 
Mozambique 928,634 5,801 5,387,324 

Uganda 393,667 13,151 5,177,000 
Angola 560,859 9,050 5,075,782 

 
Source:  FAOSTAT, database 2002   
 
 

 2.1.5.    Why  cassava  is  often  the  preferred  crop in the developing  
world 

 
Several factors are responsible for farmers in developing countries to use 

cassava as a sustainable food and cash crop (Okigbo 1998). It 

 
1. adapts to poor soils on which most other crops fail 

2. resists drought (except at planting time)  

3. has the ability to recover from damage by pests and diseases including the 

locust  

4. propagated by stem cuttings which are not used for food 

5. has a relatively high yield compared with other alternative crops; Potentials 

of 75 tons/ha, 250,000 calories/ha/day 

6. is inexpensive to produce and requires little weeding 
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7. has no critical planting date (provided enough moisture is present at 

planting)  

8.  roots can be left stored in the ground and harvested when needed 

9. can be grown alone or in different inter-cropping systems  

10. leaves are sometimes used as leaf vegetables or feed to domestic 

animals.  

 

 2.1.6.   Crop utilization 

World consumption of cassava for food, fresh or processed, is 

concentrated in the developing countries (FAO 1999), but its utilization varies 

greatly in different parts of the world where cassava is cultivated (Table 2.4). In 

Africa, about 88% of cassava produced is used for food, whereas about 50% is 

processed into various products (Westby 2002). Most popular processed 

products are commonly known as gari, lafun, foufou, attie’ke’ and chickwangue. 

Cassava may also be used for animal feed and starch; however, these uses are 

very limited. Flours and chips are the most commonly used cassava products in 

Africa that has been greatly aided by locally manufactured processing machines. 

Ouraga-Djoussou and Bakanga (1998) reported that in Nigeria, cassava flour 

produced by a new method is in greater demand by four large biscuit 

manufacturing companies. This has resulted in higher price cassava flour 

compared with other uses of this product. Ouraga-Djoussou and Bakanga (1998) 

again in analyzing economic results showed that substituting wheat flour by 15% 

of cassava flour, Nigeria stands to make a saving of US$ 14.8 million annually. 
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This translates into US$ 4.2 million to cassava farmers and US$ 12.7 for cassava 

processors.  

 

In Latin America and the Caribbean, on the average, 42% of cassava 

production is used for human consumption as fresh either boiled or dried, roasted 

flour known as farinha de mandioca, and as a pre-cooked flour called farinha da 

mesa (FAO 1999). About a third of cassava produced in the Americas is used for 

animal feed, whereas starch-based and cassava-based snacks are considered 

minor use products (Westby 2002).  

 

In Asia, over 40% of the cassava produced is for human consumption, with 

much of the remaining exported as chips and pellets to the European Union for 

use as animal feed (Westby 2002). India and Indonesia are the two leading 

cassava-consuming countries in Asia. In India, baked roots are turned into small 

chips; flour and sago while in Indonesia, where 57% of cassava production is 

used as food, the roots are eaten boiled or steamed and processed into dried 

chips called gaplek. In Thailand, a greater percentage of the production is 

exported as cassava chips; nonetheless, some are processed into starch and 

consumed as cakes, noodles and pastry (FAO 1999).  
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Table 2.4. World utilization patterns of cassava based on percentage of total 
production. 
                         Human food-   Human food-   Animal      
Area               fresh                processed       feed     Starch  Export  Waste Stock 
World        30.8      33.8         11.5     5.5       7.0        10.0     1.4  
Africa        37.9      50.8         1.4      < 1        < 1          9.5     < 1 
Americas       18.5      23.9       33.4       9.6       < 1         14.0    < 1  
Asia        33.6      21.7         2.9       8.6     23.0           6.3    3.9  
Asia (without 
Thailand)       45.7      27.9                  3.9     11.7      2.3            8.6    < 1 
Source: Adapted from Westby (2002).   
 
 
 2.1.7.    Nutritive value of cassava 
 

Cassava roots are high in carbohydrate (31% of fresh weight), which is 

present in the form of starch, making it a good source of energy. Cassava roots 

are low in vitamin A, iron and protein, but thought to have high levels of dietary 

fiber, Magnesium (Mg), Sodium (Na), Riboflavin, Thiamin, Nicotinic acid and 

citrate (Bradbury and Holloway 1988, Table 2.5). Some varieties have yellow 

roots that contain appreciable amounts of ß – carotene 1 mg 100 g– 1 on a dry 

weight basis (McDowell and Oduro 1983). Cassava leaves have a high protein 

content (5.1% on fresh-weight basis and exceeds 20% on dry – matter basis) 

(Westby 2002). 
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Table 2.5. Composition of cassava roots in Pacific Islands as reported by 
Bradbury and Holloway (1988) 
Component    Roots    Leaves 
Moisture (%)    62.8    74.8 

Energy (kJ 100 g-1)              580     

Protein (%)     0.53      5.1 

Fat (%)     0.17       2.0 

Starch (%)              31.0       - 

Sugar (%)     0.83       - 

Dietary fiber (%)    1.48       5.1  

Ash (%)     0.84      2.7 

Minerals (mg 100 g-1)  

Calcium                20     350 

Potassium                        302       56 

Phosphate               46         - 

Magnesium               30         - 

Iron             0.23         - 

Data were adapted Gomez and Valdivieso (1985), recalculated by Bradbury and 
Holloway (1988) to a fresh weight basis. 
Source: Westby 2002. 
 

2.1.8.   Cassava and soil nutrition 

Cassava is adapted to drought and to acidic, poor soils due to its tolerance 

to low pH, increased levels of exchangeable aluminum (Al) and low 

concentrations of phosphorus (P) in the soil. Cassava is considered a “scavenger 

crop” because it efficiently absorbs nutrients from low-nutrient soils, leaving that 

soil even more nutrient deficient (Howeler 2002); only a few crops could do well 

in soils followed by cassava. Table 2.6 shows the mean removal of major 

nutrients by cassava roots juxtaposed to that for other crops (Howeler 1991). N, 

P, and K removal per tonne of root dry matter (DM) was, however, lower than for 
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other crops. Putthacharoen et al. (1998) reported that with an average root yield 

of 11 t ha-1, cassava roots removed less N and P than other crops, while K 

removal was similar to that in other crops. 
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Table 2.6. Average nutrient removal by cassava and various other crops, 
expressed in both kg ha 1 and kg t-1 harvested product, as reported in the 
literature. 
 

                      Yield (t ha-1)    (kg ha-1)   (kg t-1 produced)                      
                ___________       __________           ___________  
Crop/plant part               Fresh    Drya N     P      K            N      P        K 
________________________________________________________________ 
 

Cassava/fresh roots        35.7   13.53       55   13.2  112        4.5   0.83   6.6 
 
Sweet potatoes/fresh roots      25.2     5.05       61   13.3    97      12.0   2.63  19.2  
 
Maize/dry grain         6.5     5.56        96   17.4    26      17.3   3.13    4.7 
 
Rice/dry grain         4.6     3.97  60     7.5   13      17.1    2.40   4.1 
 
Wheat/dry grain         2.7     2.32 56   12.0   13      24.1    5.17   5.6 
 
Sorghum/dry grain                    3.6     3.10       134   29.0   29      43.3    9.40   9.4 
 
Common beansb/dry grain        1.1     0.94         37     3.6   22      39.6    3.83    3.4 
 
Soybeans/dry grain        1.0     0.86         60   15.3   67      69.8  17.79  77.9 
 
Groundnuts/dry pod        1.5     1.29       105     6.5   35      81.4    5.04  27.9 
 
Sugarcane/fresh cane     75.2   19.55        43    20.2   96        2.3    0.91    4.4  
 
Tobacco/dry leaves                  2.5     2.10        52      6.1 105      24.8    2.90  50.0 
 
Source: Howeler (1991) 
a Based on estimated DM of cassava 38%, grains 86%, sweet potatoes 20%, 
sugarcane 26%, and dry tobacco leaves 84%. 
b Phaseolus vulgaris. 
DM, dry matter. 
 

2.1.9. Arthropod pests and diseases of cassava 
 

About 65% of the total area under cassava production in the world falls in 

the lowland humid and sub humid agroecosystems (Henry and Gottret 1995). 

Arthropod pests are generally not an economic issue in the lowland humid or the 
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highland tropical agroecosystems where rainfall is high and fairly distributed 

(Montagnini and Jordan 1983; Bellotti et al. 1999). Arthropod pest density 

increases in regions where rainfall is low and sparse, causing significant 

economic damage to the crop. The damage to cassava is often indirect because 

most arthropod pests are foliage- or stem- feeders, reducing leaf area or 

photosynthetic rate (Bellotti et al. 1999). 

 

Cassava arthropod pest complex includes both generalist and specialist 

feeders:  

• Specialists feeders, which apparently co-evolved with cassava, include 

Mononychellus mite complex, Mealybugs (Phenacoccus manihoti Mat. 

Ferr. and P. herreni), hornworm (Erinnyis ello L.) lace bugs (Vatiga 

illudens, V.maihotae, Amblystira machalanna), whiteflies (Aleurotrachelus 

socialis and Aleurothrixus aepim), stem borer (Chilomima clarkei), fruit 

flies (Anastrepha pickeli and Anastrepha manihoti), white scale 

(Aonidomytilus albus), thrips (Frankliniella williamsi), shootfly (Neosilba 

perezi) and gall midge (Jatrophobia brasilensis) (Bellotti et al. 1999). 

 

• Generalists feeders, which attack cassava occasionally, particularly during 

the dry periods, include whitegrubs (Phyllophaga spp.), termites, 

cutworms, grasshoppers, leaf-cutting ants, burrower bugs (Cyrtomenus 

bergi), crickets, Tetranychus mite species and stem borers (Lagochirus 

spp.), (Bellotti and van Schoonhoven 1978 a; Bellotti et al. 1999). 
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2.2.  Major  pests  of  cassava 

• Cassava mites 

Over 40 species of cassava green mites (CGM) have been reported feeding 

on cassava worldwide (Byrne et al. 1983). Most important mites of cassava are 

Mononychellus tanajoa, M. carribbeanae, Tetranychus cinnabarinus and T. 

urticae. These mites have been found to cause considerable yield losses in Latin 

America and Africa. (Herren and Neuenschwander 1991; Bellotti et al. 1999), 

particularly in the seasonally dry regions of lowland tropics, (Yaninek and 

Animashaun 1987; Braun et al. 1989). Experiments carried out by Bellotti et al., 

1983b showed that CGM infestation reduced fresh root yields by 21, 25 and 53% 

following 3 -, 4- and 6- month infestations, respectively. Under field conditions 

with higher mite populations, cassava yields were reduced by 15% in resistant 

cultivars and 73% in susceptible cultivars (Byrne et al. 1982 1983). CGM feed 

primarily on the underside of young emerging leaves, which eventually develop a 

molted whitish yellow appearance; and may become deformed or reduced in size 

(Byrne et al. 1983). 

 

• Cassava Mealybugs 

Over 15 species of mealybugs are reported to feed on cassava in Africa and 

the Americas. However, only Phenococcus manihoti and P. herreni are of 

economic importance in the Americas (Bellotti 2002). Feeding by nymphs and 

adults of both species results in yellowing of leaves, and high infestations result 

in leaf necrosis, defoliation, stem distortion and shoot death. In Africa, the 

cassava mealybug (Phenacoccus manihoti Matile-Ferrero) was accidentally 
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introduced from the Americas in the early 1970s, which caused significant yield 

losses. This pest has been controlled successfully through the implementation of 

continent-wide biological control programme (Herren and Neuenschwander 1991; 

Yaninek et al. 1993).  

 

• Whiteflies 

Whiteflies cause significant damage in cassava-based agroecosystems in the 

Americas, Africa and Asia because of direct feeding and vectoring of viruses 

(Bellotti 2002). Whiteflies are photosynthetic feeders inducing leaf chlorosis and 

abscission, the consequences of which are considerable reduction in root yield 

during prolonged feeding. 

 

Eleven species of whiteflies are reported in the Americas that infest cassava, 

namely; Aleurotrachelus socialis, A. aepim, Trialeurodes variabilis, Bemisia 

tabaci, B. tuberculata, B. argentifolii, Trialeurodes abutiloneus, Aleurodicus 

disperses, Paraleyrodes sp. Aleuronudus sp. and Tetraleurodes sp. (Bellotti et al. 

1994, 1999, Castillo 1996; Franca et al. 1996). A. socialis is the major species in 

northern South America, causing substantial crop damage. It is also found, to a 

lesser degree, in Brazil (Farias 1994). B. tuberculata and T. variabilis are 

reported in low densities from Brazil, Colombia, Venezuela and a host of other 

countries (Farias 1990a; Bellotti et al. 1999) (Table 2.7). 

 
B. tabaci has a pantropical distribution, feeding on cassava throughout Africa 

and several countries in Asia including India (Lal and Pillai 1981) and Malaysia. 
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Whiteflies are known to transmit the viruses causing two diseases of cassava 

namely; 

 (a) Cassava Mosaic Disease (CMD) in Africa, India and Sri Lanka,    

      caused by geminiviruses that are transmitted by B. tabaci (Thresh et al.   

      1998). 

(b) B. tuberculata is the reported vector of cassava frog skin disease in   

the  Americas (Angel et al. 1990). 
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Table 2.7. Global distribution of important arthropod pests of cassava 
 
Pest   Major species                 Americas   Africa    Asia 

________________________________________________________________ 

Mites   Mononychellus tanajoa          x      x    
               Tetranychus urticae           x                    x 
Mealybugs  Phenacoccus manihoti          x              x    
   Phenacoccus herreni          x 
Whiteflies           Aleurotrachelus socialis          x 
                 Aleurodicus dispersus    x      x         x 
             Aleurothrixus aepim          x   
                  Bemisia tabaci      x      x         x 
   Bemisia afer            x                 x   
Hornworm  Erinnyis ello            x 
   Erinnyis alope     x 
Lacebugs  Vatiga illudens           x 
   Vatiga manihotae            x 
Burrow bugs  Cyrtomenus bergi           x 
Thrips   Frankliniella williamsi          x      x     
   Scirtothrips manihoti    x 
Scales  Aonidomytilus albus           x      x            x     
Fruitflies  Anastrepha pickeli      x 
   Anastrepha manihoti              x 
Shootflies  Neosilba perezi            x 
   Silba pendula           x 
Gallmidge  Jatrophobis (Eudiplosis) brasiliensis  x 
White grubs  Leucopholis rorida      x      x         x 
   Phyllophaga spp.     x         x         x 
   Several others     x      x         x 
Termites  Coptotermes spp.     x      x         x 
   Heterotermes tenuis    x 
Stemborers  Chilomima spp.     x 
   Coelosternus spp.     x 
   Lagochirus spp.       x      x         x 
Leaf-cutter ants Atta spp.       x 
   Acromyrmex spp.     x 
Root mealybugs Pseudococcus mandioca     x 
   Stictococcus vayssierei    x      x 
Grasshoppers Zonocerus elegans               x      x 

Zonocerus variegates    x      x   
________________________________________________________________ 
 
 
Source: Adapted from Bellotti et al. (1999) 
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2.2.1.   Major  diseases  of  cassava 
 
 

Cassava is prone to bacterial, viral, and fungal diseases throughout the world. 

However, viral and bacterial blight are more serious pests of cassava than fungal 

diseases or nematodes. 

 

• Cassava bacterial blight 

Cassava bacterial blight (CBB) is the second most damaging disease pest of 

cassava (CIAT 1996). The disease is caused by the bacterium Xanthomonas 

axonopodis pv. manihotis (Xam), that invades the plant systemically, entering 

through the roots. The disease was first reported in Latin America, but was 

introduced into Africa in the 1970s and spread rapidly to all cassava-growing 

areas (Boher and Verdier 1994); however, the disease is of minor significance in 

Asia.  

 

Yield loss due to CBB in Africa alone is approximately 7.5 million tonnes per 

year (CIAT 1996). Yield loss of 13–50% was recorded in five ecozones of West 

Africa, with the highest losses occurring in the dry savannah zone (Wydra et al. 

2001). Symptoms of infected plants are water-soaked, angular leaf spots; leaf 

blight and leaf fall, cumulatively resulting in cankers on the stems. During severe 

attacks, shoots die-back, showing a characteristic “candle stick” symptom 

(Hillocks and Wydra 2002).  
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Control methods include crop rotation to break the life cycle of the pathogen, 

burying or burning infected debris, especially during dry conditions, as the 

pathogens may survive in crop residues for about 5 months (Fanou et al. 1998). 

Other control methods are weeding and avoidance of bush fallow around 

cassava fields, control of grasshoppers (Fanou et al. 1998; Fanou 1999), mixed 

cropping and shifting of planting date towards the end of the rainy season (IITA 

1998).   

 

• Viruses of cassava  

Because cassava is, vegetatively propagated, viral diseases are difficult to 

control as viruses are carried from one crop cycle to the next through the 

cuttings. Four virus genera are reported to infect cassava, but only two are of 

economic importance. Cassava brown streak virus (CBSV) (Potyviridae: 

Ipomovirus) and the geminivirus complex (Geminiviridae: Begomovirus) are 

considered economic virus pests of cassava (Legg and Thresh 2004). 

 

 

 

 
 
 
 
 
 
 
 
 
 

35 
 



                                
 Texas Tech University, Ebenezer Ato Ewusie August 2008 
 
Table 2.8. The viruses of cassava (Calvert and Thresh 2002). 
________________________________________________________________ 
 
Africa 
 African cassava mosaic virus (Geminiviridae: Begomovirus) 
  

East African cassava mosaic virus (Geminiviridae: Begomovirus) 
 
South African cassava mosaic virus (Geminiviridae: Begomovirus) 
 
Cassava brown streak virus (Potyviridae: Ipomovirus) 
 

 Cassava Ivorian bacilliform virus* (unassigned) 
 
Cassava Kumi viruses* 
 
Cassava ‘Q’ virus* 
 
Cassava common mosaic virus*(Potexvirus) 

 
South/Central America 
 Cassava common mosaic virus (Potexvirus) 
 
 Cassava virus X (Potexvirus)* 
 
 Cassava vein mosaic virus (Caulimoviridae) 
 
 Cassava Colombian symptomless virus (Potexvirus)* 
 
 Cassava American latent virus (Comoviridae: Nepovirus)* 
 
 Cassava frogskin ‘virus’ 
 
Asia/Pacific 
 Cassava common virus* (Potexvirus) 
 
 Indian cassava mosaic virus (Geminiviridae: Begomovirus) 
 
 Cassava green mottle virus* (Comoviridae: Nepovirus) 
________________________________________________________________ 
 
Viruses with names in italics are officially recognized species. 
* Viruses with localized distributions and of no economic significance. 
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• Cassava mosaic disease 
 

Cassava mosaic disease (CMD) was first described more than a century ago 

(Warburg 1894) from Tanganyika, now Tanzania. It was assumed from the early 

years of the twentieth century that the disease was caused by a virus because no 

pathogens were visible on affected plants and the condition was shown to be 

grafting transmissible (Zimmerman 1906). It was not until the 1970s that the viral 

etiology was confirmed (Bock and Woods 1993). CMD is caused by 

begomoviruses (Bock and Woods 1983; Hong et al. 1993), which are transmitted 

by whitefly, Bemisia tabaci (Storey and Nichols 1938; Chant 1958; Dubern 1994). 

Cassava mosaic begomoviruses occurring in Africa are thought to be indigenous 

to that continent. It is assumed that these viruses moved into cassava from wild 

host plants following the introduction of cassava from South America (Swanson 

and Harrison 1994). Cassava brown streak virus disease in coastal areas of 

eastern and southern Africa and cassava mosaic virus disease throughout are 

the two of the most important biotic constraints that greatly decrease cassava 

yields (Calvert and Thresh 2002) (Table 2.8). 

 
The cultivar, “Bosom nsia” is one of the most widely grown cassava 

cultivar in Ghana, probably because of its good cooking quality and short 

maturation period of six months.  However, this cultivar is highly susceptible to 

the African cassava mosaic virus (ACMV) (Ahiabu et al. 1995). Efforts at 

breeding resistant varieties have been centralized at the international centers and 

the varieties released often do not meet local requirements.  
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The CMD, caused by cassava mosaic geminiviruses (CMGs) and 

transmitted by the whitefly, Bemisia tabaci, occurs in all countries where cassava 

is grown and affects more than half of all cassava plants (Harrison et al. 1997). 

Recent experimental evidence has shown this group of viruses to have a 

remarkable capacity to adapt, change and overcome host plant defences through 

recombination, pseudorecombination and interaction with sub-genomic satellite 

molecules (Legg et al. 2004). In Africa, CMD is widespread and in Ghana, the 

incidence is above 80% in all ecozones (Wydra and Verdier 2002). 

 

Cassava plants infected with CMD express a range of symptoms that 

depend on the virus species, environmental conditions, and the cultivar (Legg 

and Thresh 2004). The most frequent symptoms encountered are a yellow or 

pale green chlorotic mosaic of leaves, usually followed by distortion and 

crumpling (Legg and Thresh 2004) (Plates 3 and 4). Symptoms are easily 

distinguished from those of mineral deficiency or cassava green mite damage as 

the virus-induced chlorosis and the malformation of leaflets is asymmetrical about 

the midrib (Thresh and Cooter 2005). Most severely infected plants become so 

stunted that they produce virtually no root yield or stems for further propagation 

(Thresh and Cooter 2005).  
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Plate 3       Plate 4 
 
Severely affected cassava grown       Healthy cassava grown from 
from healthy stake but infected during       the same stake source as the      
growth by whiteflies.                                   infected one. 
 
      

In situations where the virus strain is mild or the cassava variety is 

tolerant, leaf chlorosis are isolated events, and there is virtually no leaf distortion 

and plant vigor is least affected (Legg and Thresh 2004). All cassava mosaic 

geminiviruses (CGMs) exhibit the same symptoms, albeit, dual infection causes 

more severe symptoms than either virus alone (Pita et al. 2001). 
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Table 2.9. Surveys of the incidence of cassava mosaic disease in 18 African 
countries. 
________________________________________________________________ 
 
               CMD   

Organization               Year      incidence Production Estimated loss 
Country  (reference)                         (%)       2002 m/t.  (30– 40 %) 
________________________________________________________________ 
Uganda NARO (1)  1990-1992  57    
Uganda NARO (2)            1994 
Uganda NAROMITA (14)           1997    68     5.27           1.4-2.0  
Chad  USAID (3)            1992    40     0.31 0.04-0.06 
Malawi NARS (4)            1992 21 
Malawi NARS/IITA (15)           1998 42     1.54 0.22-0.31 
Tanzania NARS/NRI (5)           1993 26         
Tanzania NARS/IITA (16)           1998 34     5.65 0.64-0.089 
Ghana ESCaPP (6)             1993-1994 72        
Ghana NARS/IITA (17)           1998 73     8.97 2.43-3.56 
Benin  ESCaPP (6)            1994 53 
Benin  NARS/IITA (18)           1998 36     2.45 0.30-0.41 
Cameroon ESCaPP (6)            1994 67   
Cameroon NARS/IITA (19)           1998 62     1.70 0.39-0.56 
Nigeria IITA (7)            1994 55 
Nigeria ESCaPP (6)            1994 82 
Nigeria NARS/IITA (20)           1998 56          33.56 6.78-9.69 
Zambia NARS/SARRNET 1995-1996 41      0.95 0.13-0.19 
Zanzibar (12)             1998 71     NA 
South Africa NARS/NRI (8)           1998 31        < 0.01 
Madagascar NARS (9)            1998 47     2.23 0.37-0.52 
Mozambique NARS/IITA (21) 1999-2000 20     5.36 0.34-0.47 
Rwanda NARS/NRI (10/12)           2001 30     0.69 0.07-0.09 
DRC  NARS/IITA (22)           2002 60         14.93 3.28-4.71 
Congo Rep. NARS/IITA (23)           2002 79     0.85 0.26-0.39 
Guinea- NARS/IITA (24)           2003 63     1.00 0.23-0.34 
Conakry NARS/IITA            1993 20 
Kenya  NARS/IITA (13)           1996 56 
(Western) KARI/NRI (13)           1998 84 
    “  KARIESARC (13)           2000 59 
    “  NARS/NRI (11)           1998 51 
Kenya  
(Coastal) NARS/IITA (25)        Est. 50   10.60 1.87-2.65 
________________________________________________________________ 
 
Source: Adapted from Legg and Thresh (2004) 
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Table 2.9. continued 
 
References 
 

1. Otim-Nape et al. 1998        2.  Otim-Nape et al. 2001  
 
3.   Johnson 1992         4.  Nyirenda at al 1993 
 
5. Legg and Raya 1998        6.   Yaninek et al. 1994; Wydra and 
                                                                        Msikita 1997   
 
7. L. C. Dempster (unpublished)             8.   Thresh and Mbwana 1998 
 
9. Jericho et al. 1999                 10.   Hillocks et al 2002 
 
11. Munga and Thresh 2002                12.   Thresh and Hillocks 2003 
 
13. Muimba-Kankolongo et. al. 1999      14.   Legg et al. 1999 
 
15. Theu et al. 2003                 16.   Ndunguru at al. 2003 
 
17.  Cudjoe at al. 2003                 18.   Gbaguidi et. al. 2003  
 
19.  Ntonifor et al. 2003                 20.   Echendu at al. 2003 
 
21.  Ranomenjanhary et al. 2003     22.   Sseruwagi, unpublished data 
 
23.  W. Tata-Hangy, unpublished-          24.  Ntawuruhunga, unpublished data 

  data.                    

     25.  Kamau et al. 2003.  

 

Table 2.9 provides recent CMD severity incidence in 18 important cassava-

growing countries of Africa which together accounts for 90% of total world 

production. Overall, CMD incidence in Africa exceeds 50% in 11 of the countries 

surveyed, including Nigeria, Democratic Republic of Congo and Ghana, the three 

leading producers (Thresh and Cooter 2005). 
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• Cassava brown streak disease 

Cassava brown streak disease (CBSD) was first reported in Tanzania in the 

1930’s (Legg and Thresh 2004). A virus was suspected to be the causative agent 

as no pathogens were found in infected tissues. This disease is mostly 

encountered in the lowland coastal areas of eastern and southern Africa. There 

are no reports of occurrence of this virus from South Africa, Angola, or any of the 

West and Central African countries (Calvert and Thresh 2002). Symptoms vary 

as disease affects nearly all plant parts including leaves, stems and roots (Legg 

and Thresh 2004). 

 

Leaf symptoms include a yellow chlorosis closely associated with the 

secondary and tertiary veins, but unlike CMD, neither leaf distortion nor leaf size 

reduction occurs (Legg and Thresh 2004). Young green stems of infected plants 

show brown necrotic lesions and these symptoms give the disease its name. 

Roots of affected plants are necrotic and become more intense as the crop 

matures largely 12 months after planting (Hillocks et al. 2001). In addition, such 

roots are generally susceptible to secondary soil-borne pathogens (Legg and 

Thresh 2004).  

 

Due to the transient and unpredictable nature of CBSD symptoms, 

diagnosis of infection is not as precise as CMD. A PCR-based identification 

suggested that CBSD is caused by a virus of the genus Ipomovirus, which is one 

of the four genera comprising the Potyviridae (Monger et al. 2001). This finding 
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also confirmed that whitefly, Bemisia tabaci, is a vector of CBSD as members of 

the genus Ipomovirus are vectored by Bemisia tabaci (Monger et al. 2001). 

 

Economically noteworthy effect of the disease is the root necrosis 

symptoms and susceptible varieties may lose about 70% of fresh root yield due 

primarily to the effect of die-back (Legg and Thresh 2004). These losses are 

aggravated by the effect of necrosis on root quality that prevents marketing of 

harvested roots, or precipitates premature harvesting to circumvent the most 

severe damage. Symptoms of root necrosis in addition, yield losses are 

dependent on the age of the crop (Legg and Thresh 2004). Losses are 

particularly acute for local varieties in which root necrosis show up six months 

after planting, thus encouraging farmers to harvest earlier than anticipated 

(Hillocks et al. 2001). Consequently, such varieties cannot be depended on as 

food reserve for use during drought. Control measures to date have been the use 

of resistant and tolerant varieties and phytosanitation; however, the issue with 

phytosanitation is the difficulty in rightly identifying CSBD-free plant (Legg and 

Thresh 2004). Given the apparent restricted distribution, implementation of strict 

quarantine procedures could also be a means of CBSD management. 

 

2.2.2. The whitefly pest (Homoptera:  Aleyrodidae)  

Whiteflies are tiny, soft-bodied insects, belonging to the insect order 

Homoptera. This group includes economically important insects such as aphids 

(Aphidoidea), scales (Coccoidea), leafhoppers (Cicadellidae), mealybugs 
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(Pseudococcidae) and plant lice (Pyslloidea). The adults coat their bodies, 

particularly their wings, with white, waxy substances secreted by special glands 

on their abdomen, hence the name “whiteflies” (Mau and Kessing 1992). The 

immature stages (nymphs) also secrete wax in various forms, and the 

appearance and shape of these waxy strands, plates and filaments is often useful 

in identification (Wikipedia March 2008).  The body is completely covered with 

minute spinules. Antennae are elongate and are 7-segmented. The compound 

eyes are either completely divided into dorsal and ventral eyes or are joined by 

one ommatidium. Mouthparts are elongate and developed for piercing and 

sucking plant tissue (USDA Whitefly web Page March 2008).  

 

                   

Plate 5   Eggs of Bemisia tabaci             Plate 6  Newly emerged adult Bemisia 

                                                                 Tabaci 
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2.2.3 Origin, taxonomy and nomenclature of Bemisia tabaci 

Bemisia tabaci  was described first in 1989 as a pest of tobacco (Nicotiana 

tabacu, L) (Gennadius, 1989 – Aleurodes) in Greece and is considered to have 

originated from the Old World (Frohlich et al. 1996). Several taxonomic revisions 

occurred until its morphological variability was recognized (Mound 1993; Mound 

and Halsey 1978).  

The existence of host races or biotypes was proposed in the 1950s to 

describe distinct populations of B. tabaci with specific associations and virus-

vector capabilities. In the mid-1980s, reports emerged of a newly evolved ‘B 

biotype’, a highly polyphagus variant that was twice as fecund as previously 

recorded populations (Brown et al. 1995). The B biotype has become a major 

pest of world agriculture and been described as a separate species, B. argentifolii 

Bellows and Perring, based on RAPD-PCR banding patterns, isoelectric focusing 

electrophoresis, crossing experiments, mating behaviour and morphological 

evaluation (Bellows et al. 1994). It can stimulate phytotoxic disorders in some 

plant species, for example, silvering of leaves in squashes (Cucurbita sp.), 

consequently the common name ‘silverleaf whitefly’ (Frohlich et al. 1996). Till 

date, 41 discrete populations of B. tabaci have been characterized with the aid of 

an array of techniques and 24 of these populations given a specific biotype 

designation (Perring 2001). Molecular (Frohlich et al. 1999) and allozyme (Brown 

et al. 2000) data from these studies give credence to the idea that B. tabaci is a 

suite of highly cryptic sibling species that cannot at present be distinguished 

morphologically. Perring (2001) lately appraised the species complex and 
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outlined the reality of seven distinct groups, based on comparisons with other 

populations from various geographical locations. In the work presented here, 

however, the name B. tabaci refers to all described variants in the B. tabaci 

species complex. 

B. tabaci has been known to be an important agricultural pest in Africa 

since the 1930s. Many of the earlier reports relate to damage in cotton 

(Gossypium hirsutum L.)  (Kirkpatrick 1931) and cassava (Manihot esculenta 

Crantz) (Kufferath and Ghesquiere, 1932; Storey and Nichols 1938). By the 

1950s, B. tabaci was reported causing major losses in cotton due to population 

resurgence of this species when it developed resistance to pesticides applied 

against other pests (Joyce 1955). By the 1980s, B. tabaci had been associated 

with a major pandemic of cassava mosaic disease (CMD) in East Africa (Otim-

Nape et al. 1997; Legg 1999).  

 

2.2.4.  Ecology    

Bemisia tabaci has been reported from all continents except Antarctica (Ko 

et al. 2002). It is assumed that B. tabaci has spread worldwide through 

international transport of plant products with infested stocks. Once established 

(EPPO 2004) B. tabaci spreads and transmits diseases. EPPO (2004) states 

that, “B. tabaci are usually found by close inspection of the undersides of leaves, 

which will reveal adults and/or nymphs. Shaking the plant alarms the adults, 

which fly out and quickly resettle. Adults could also be found on sticky traps 
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placed above infested plants”. B. tabaci adults fly about, move between crops, 

and occur in agricultural areas as well as urban areas (Perring 2001). 

 

2.2.5. Biology 

B. tabaci are small plant-feeding insects with piercing-sucking mouthparts, 

and both nymphs and adults feed on the underside of leaves. Females lay eggs 

either singly or in circles on the underside of leaves (Malumphy 2003). The eggs 

are ovoid (Plate 5) and have a pedicle that is inserted into a slit made by the 

female’s ovipositor in the leaf surface (EPPO 2004). A glue-like substance 

deposited at the base of the pedicle cements eggs in place. The pedicle siphons 

water into the egg from the leaf and thus prevents dehydration before hatching 

(Oliveira et. al. 2001). 

 

Most whitefly species are arrhenotokous (EPPO 2004) and B. tabaci is not 

an exception, thus females can lay eggs that have not been fertilized and these 

eggs will result in male offspring. Fertilized eggs will result in female offspring. 

Each female can produce as many as 200 eggs, in her lifetime, depending on the 

suitability of the host plant (Malumphy 2003). The proportion of male and female 

whiteflies in a population depends on temperature and male longevity. Males 

usually live for shorter periods and populations appear female biased as a 

consequence (Oliveira et. al. 2001). 
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  It has six life stages - the egg, four nymphal stages, and the adult (EPPO 

2004). Upon hatching the first instar nymph (crawler) looks for a suitable portion 

of the leaf to insert its stylet mouthparts into the plant to suck up phloem. After 

finding its site, the crawler molts to the second instar, its legs are pulled up under 

its body and the rest of the immature stage is sessile (EPPO 2004). The last 

nymphal instar develops red eye spots, and is commonly called the “red-eyed” 

nymph. This stage is often referred to as the pupal stage, but this is incorrect 

because hemipterans have incomplete metamorphosis and so does not have 

pupa (EPPO 2004). The developmental time from egg to adult may vary from 15-

70 days depending upon temperature and plant host (McAuslane 2000). 

Development occurs in temperatures ranging from 10 to 32°C (50 - 89.6°F), but 

27°C is considered an optimal temperature for development (USDA 2008). In 

cotton, the pest completes its development in 17 days at 86°F (30°C) (Mau and 

Kessing 1992). Adults usually emerge from their pupal cases in the morning 

hours and may copulate a few hours later (Plate 6). Oviposition occurs from 1 to 

8 days after mating. Adult life span ranges from 6-55 days (Oliveira et al. 2001). 

 

2.2.6.  Economic importance 

Whiteflies characteristically feed on the underside of plant leaves removing 

nutrients from the plant, which results in stunting, poor growth, defoliation, 

reduced yields, and sometimes plant death (EPPO 2004). The ability of whiteflies 

to transmit or spread viruses has had the greatest impact on global food 
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production. In the tropics and subtropics, whiteflies have become one of the most 

serious crop production problems (Perring 2001). Despite the fact that several 

species of whitefly cause crop losses through direct feeding, a species complex, 

or group of whiteflies in the genus Bemisia are important in the transmission of 

plant diseases (Malumphy 2007).  

Bemisia tabaci is one of the most important pests in tropical and 

subtropical agriculture, as well as in production systems in glasshouses in 

temperate zones (Byrne and Bellows 1991; Byrne et al. 1990). It is a plant sap-

sucking insect, broadly polyphagus, with over 600 plant host species (Oliveira et 

al. 2001). Families with the highest number of host species are Fabaceae, 

Asteraceae, Malvaceae, Solanaceae and Euphorbiaceae (Mound and Halsey 

1978). Whiteflies are considered a significant economic pest of both field and 

protected agricultural crops and ornamental plants, including avocado, cucumber, 

eggplant, guava, tomato, sweet potato, soybean, watermelon, lettuce, cauliflower, 

Chinese cabbage, cotton, cassava, okra, hibiscus, rose, poinsettia, lantana, 

verbena, garden mum, Gerber daisies and mandevilla (Goolsby et al. 2004).  

Weeds often serve as alternate hosts of these crop pests. Some of the non-crop 

hosts are Asystasia, Coccinia sp., Euphorbia, Impomea spp., Momordica spp, 

Xanthium sp., castor bean, spurge (Mau and Kessing 1992) and alfalfa.  

Since the 1980s, it has caused huge economic losses in the southern United 

States ($1 billion) (USDA Whitefly Knowledgebase 2008), Mexico, Venezuela, 

the Eastern Caribbean Basin, and Central and South America due to its proven 
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efficiency as a virus vector, together with damage caused by direct feeding and 

excretion of honeydew (Brown et al. 2001). Many biotypes have been recognized 

in different regions of the world, an indication that B. tabaci may be a complex of 

species and biotypes (Perring 2001) undergoing continuous evolutionary 

changes. Worldwide spread of emerging biotypes, such as B. tabaci biotype B, 

also known as ‘B. argentifolii’ and a new biotype Q, continue to cause severe 

crop losses that will likely continue to increase, resulting in higher pesticide use 

on many crops, with environmental and human health consequences (Perring 

2001). 

Heavy infestations of B. tabaci may reduce host vigor and growth, cause 

chlorosis and uneven ripening, and induce physiological disorders (EPPO, 2004). 

Nymphs produce honeydew on which sooty moulds grow, reducing the 

photosynthetic capabilities of the plant, resulting in defoliation and stunting 

(EPPO, 2004). Over 900 host plants have been recorded for B. tabaci with known cases of 

transmission of 111 virus species in the genera Begomovirus (Geminiviridae), 

Crinivirus (Closteroviridae) and Carlavirus or Impomovirus (Potyviridae) (Jones 

2003). Begomoviruses are the most numerous of the B. tabaci transmitted 

viruses and can cause crop yield losses from 20 - 100% (Brown and Bird, 1992).  

 

Over 1200 species of whiteflies have been described worldwide, a quarter 

of which occurs in Africa (Mound and Halsey 1978). However, only a few of those 

species are of significant economic importance including Aleurocanthus 

spiniferus (Quaintance), Aleurocanthus woglumi Ashby, Aleurodicus disperses 
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Russel, Aleyrodes proletella (Linnaeus), Bemisia tabaci (Gennadius), 

Dialeurodes citri (Ashmead), Parabemisia myricae (Kumana), Siphonius 

phillyreae (Haliday), Trialeurodes vaporariorum (Westwood) and Vasdavidius 

indicus (David and Subramaniam) Ressel. Most important of these species 

belong to the genus Bemisia that transmit plant diseases. Bemisia tabaci and 

Bemisia argentifolii transmit African cassava mosaic, bean golden mosaic, bean 

dwarf mosaic, bean calico mosaic, tomato yellow leaf-curl, tomato mottle and 

other Begomoviruses, in the family: Geminiviridae  

(http://en.wikipedia.org/wiki/Whitefly, 2007). 

 
2.2.7. Management of the virus  

 

High reproductive rates and polyphagy result in rapid population growth of 

whiteflies in transient habitats that provide suitable environment for virus 

epidemics. Thresh and Cooter (2005) suggested three probable approaches to 

reducing the losses owed to a cassava virus: (i) decrease the proportion of plants 

that become infected; (ii) delay infection to late stage of crop growth so that the 

infection does not render economic loss in crop growth and root maturity; and (iii) 

decrease the severity of damage sustained after infection has occurred. The two 

most feasible and widely adopted methods are with phytosanitation and disease-

resistance varieties (Thresh et al. 2005). 
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(i) Phytosanitation 

Phytosanitation is a term that encompasses diverse ways of improving the 

health of cassava planting material as well as eliminating sources of inoculum so 

that further spread of CMD is minimized. Colvin et al. (1999) stressed the 

importance of adopting strict phytosanitation subsequent to their finding that 

whiteflies breed more rapidly on CMD-affected than on healthy cassava. 

Phytosanitation has three features for the control of CMD (Thresh and Cooter 

2005):  

• Crop hygiene which requires the removal of all diseased cassava or other 

host plants from within and immediately around sites to be used for new 

plantings;  

• Use of CMVD – free stem cuttings as vegetative planting materials;  

• Removal (roguing) of diseased plants from within crop stands. 

 

(ii)       Crop hygiene 

  Removal of crop residue and surviving plants from previous crop decrease 

the risk of carry-over of pests or pathogens to new plantings (Thresh et al. 2005). 

The danger of carry-over of pests or pathogens to new plantings could be 

significant as cassava plants, including those affected by CMD, redevelop easily 

from stems left in or on the ground at harvest. Additionally, harvesting the entire 

field and providing some “host-free” periods between two plantings decrease pest 

severity. This will reduce the sources of virus inoculums, pathogens and pests 
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such as cassava green mite (Manihot tanajoa) and cassava mealybug 

(Phenacoccus manihoti) (Thresh and Cooter 2005). 

 

(iii)        CMD – free planting material 

The best approach to control CMD is to use uninfected propagules for all new 

plantings. Cassava is most vulnerable to CMD infestation during the early crop 

growth stage; therefore, disease-free cuttings provide a healthy start for plants to 

overcome early disease spread. Additionally, whiteflies reproduce quickly on 

CMD-infected than on healthy plants, thus infected plants contribute more to a 

rapid spread of virus throughout the field (Colvin et al. 1999).  Planting of 

disease-free stakes delays or eliminates the inception of CMD and thus reduces 

the period over which spread can occur during the early, most susceptible stages 

of cassava growth (Thresh and Cooter 2005).    

 

(iv) Roguing 

Roguing of infected plants is a proven tactic to control CMD (Van den 

Bosch et al. 2006). Guthrie (1990) advised that cassava plantings must be 

inspected on a weekly basis for the first 2 - 3 months of growth so that infected 

plants are removed immediately.  Roguing is most effective when embraced by 

all farmers in the region (Thresh and Cooter 2005). Nonetheless, farmers are 

hesitant to adopt this method mainly for two reasons: a) Farmlands are small and 

thus if they maintain a “clean” crop, their farms might be infected from inoculum 

sources from a neighbors’ field, b) Farmers are unwilling to remove infected 
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plants with the hope that they will make at least make some marginal yield. 

These apprehensions therefore make the adoption and implementation of 

phytosanitation difficult. (Legg and Thresh 2004).  

 

2.2.8. Use of varietal resistant  

The use of resistant or tolerant varieties is perhaps the most effective 

approach in managing CMD (Russel 1978). Programmes to develop host plant 

resistance to CMD began in the 1930’s in both Tanzania (Nichols 1947) and 

Madagascar (Cours 1951). Both were successful, and the Amani programme in 

Tanzania provided seed to Nigeria where clone 58308 was selected and later 

used extensively in IITA germplasm development programme in Ibadan, Nigeria. 

(Nweke et al. 2002). The first resistant varieties developed by backcrossing M. 

esculenta and M. glaziovii hybrids to cassava had very favorable attributes, 

including low susceptibility to infection, satisfactory root starch content, low 

symptom intensity, low virus content, and high levels of recovery (symptom 

remission in new growth) (Fargette et al. 1996; Thresh et al. 1998). CMD – 

resistant varieties developed at IITA were introduced to Uganda in the 1980s to 

manage the CMD pandemic that began in the early 1990s (Otim-Nape et al. 

1994, 1997; Thresh et al. 1994). 

 

A large-scale replacement of susceptible varieties by resistant ones led to 

a large increase in yield and productivity in Madagascar (Thresh and Cooter 

2005). In Ghana to date, five resistant/tolerant varieties have been released 
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namely; “Abasafetaa”, “Gblemoduade”, Tek Bankye”, “Nkabom” and 

“Filiandeaco”.  

 

2.2.9 Other options under consideration 

(a) Biological Control 

There has been virtually no attempt to implementing biological control 

approach in managing B. tabaci in African countries. Whiteflies have many 

natural enemies such as spiders, lady beetle and lacewings. However, these 

predators are not effective in controlling whitefly populations if there is frequent or 

widespread use of insecticides to control other pests. In Florida, in the United 

States, B. tabaci rarely exceeds economic threshold levels in natural 

environments or in agricultural situations where no insecticides are applied. In 

such circumstances, natural biological control keeps B. tabaci below 

economically injurious levels (Hoddle 1999). Minute parasitic wasps (parasitoids) 

in the Aphelinidae family cause a significant mortality in whitefly populations 

(Hoddle 1999). Female parasitoids lay their eggs inside the whitefly nymph or 

between the whitefly and the leaf surface. The immature parasitoids develop 

within the whitefly host, eventually consuming the entire host, except the 

integument (Hoddle 1999). The immature parasitoid pupates within the 

integument of the host and the adult parasitoid emerges through a round whole. 

B. tabaci populations can also be reduced by predation (Evans and Hamon 

2002). Many species of insects, mites, and spiders feed on immature and adult 

whiteflies. Some well-known generalist predators that prey on whiteflies include 
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Chrysoperla species larvae (lacewings), Orius spp. (pirate bugs), and Geocoris 

spp. (bigeyed bugs). Several coccinellid species are specialist whitefly predators, 

such as Delphastus catalinae (LeConte) and Nephapsis oculatus (Blatchely) (Liu 

and Stansly 1999). Recognized parasitoids attacking Bemisia in Florida are in 

two genera, Encarsia and Eretmocerus. Encarsia pergandiella (Howard) and 

Encarsia transvena (Timberlake) are widespread throughout the state, while 

Encarsia nigricephala Dozier is common in north central Florida (McAuslane 

2007). A number of Eretmocerus species are also common throughout the state. 

Eretmocerus species cause mortality to whiteflies by host-feeding, in addition to 

parasitism. Females stab the immature whitefly repeatedly with their ovipositor 

and then turn around and feed from the wound, obtaining valuable protein with 

which to provision their eggs (McAuslane 2007). 

 

(b) Cultural practices  

The creation of barriers, for instance row covers, and repellent mulches 

that affect phototactic responses of whiteflies, have considerably delayed or 

reduced CMD disease incidence (Cohen and Melamed-Madjar 1978). This 

control tactic is, however, of little value when whitefly populations and virus 

inoculum levels are high. In a study with tomatoes in Israel, soil mulching with 

yellow polythene sheets delayed the spread of tomato yellow leaf curl virus for 20 

days against a crop without mulching (Cohen and Melamed-Madjar 1978). 

Control of weeds adjacent to cultivated fields, the use of trap crops, and 
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implementation of host- free periods could be valuable tactics to suppress vector 

populations in some cropping systems.  

 

Cassava is usually intercropped in traditional settings, a practice that has 

been shown to be effective in reducing many pest populations, because under 

such situations, numbers of beneficial insects are often increased and their 

activity enhanced. Cassava intercropped with cowpea reduced fecundity of 

Aleurotrachelus socialis and Trialeurodes variabilis compared with that in 

monoculture (Bellotti 2002). Cucumber planted in alternating rows 30 days before 

the planting of tomato delayed infection of the tomato with the whitefly - vectored 

tomato yellow leaf curl virus (Mau and Kessing 2007). Cotton planted within a 

surrounding melon trap crop resulted in a significantly fewer whiteflies compared 

with that in cotton with no trap crops (Castle 2000). 

 

(c)  Vector control by insecticides  

A potential approach to arthropod-borne viruses control is the use of 

pesticides against the insect or mite vectors. (Thresh 2003). A host of reasons 

explains why this approach is rarely adopted to control CMD, aside toxicological 

and environmental effects (Thresh and Cooter 2005). Firstly, whiteflies are found 

mostly on the underside of the leaf and this makes it difficult to deliver 

insecticides to the site where they are found. In addition, whiteflies have become 

resistant to major classes of active ingredient such as neonicotinoids and insect 

growth regulators (Elbert and Nauen 2000; Horowitz et al. 2003). 

57 
 



                                
 Texas Tech University, Ebenezer Ato Ewusie August 2008 
 
  While whiteflies are difficult to be controlled by insecticides, rapid 

resurgence could result following the insecticide application as it removes 

naturally occurring predator/parasitoid complex Moreover, subsistence farmers in 

sub-Saharan Africa cannot afford insecticides let alone gain access to spray 

machines (Thresh and Cooter 2005).  As a result, it is highly improbable that 

insecticides will be used to control CMD (Owor et al. 2004).  

 

Based on the aforementioned account, it is apparent that none of the 

control methods can be used solely to control CMD. As an alternative, in all 

regions, the fundamental approach will be the use of resistant varieties, 

complemented with at least some use of phytosanitation and manipulation of the 

crop environment. Sadly, a fully integrated approach in this wise is not yet 

practical because CMD-resistant varieties are not always available with the 

desired attributes such as palatability, taste and other quality characteristics 

required by farmers and consumers (Otim-Nape 2000) or are released in 

insufficient quantities. In addition, farmers may be reluctant to select healthy 

planting material or to rogue diseased plants, or have not been encouraged to do 

so. Farmers hardly have much leeway in the choice of site, as land is not 

unlimited and usually have little or no control as to the activities of their neighbors 

who may possibly use infected planting material or desire to cultivate non - 

resistant varieties (Thresh and Cooter 2005). 
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2.3.  Selected trap crops to be used 

(a)  Jatropha curcus Plant 

Jatropha curcus (Linnaeus), (Plate 7) known also as Barbados nut, bubble 

bush, physic nut and purging nut, is a drought-resistant perennial versatile shrub 

that belongs to the family Euphorbiaceae, growing to a height of about 3 – 5 m in 

3  years. 

 

 

Plate 7 Jatropha curcas plant 
 
 

Jatropha curcus has many attributes, varied uses and enormous potential. 

The plant is used to prevent and/or control erosion, to reclaim land, and is grown 

as live fence to hold back or bar farm animals (Openshaw 2000). Boiled leaves of 

the plant are used as medication for treatment of the gums and throat diseases, 

constipation, backache and inflammation of ovaries and against stomach-ache in 

children (Duke, 1983). The latex contains an alkaloid (jatrophine) which has 

cancerous properties. Piles, snakebites, paralysis, and dropsy have been treated 
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with preparations from this plant (Duke, 1983). Jatropha is also cultivated as a 

commercial crop for the production of oil used for making candles, soaps and 

most importantly for biofuel production (Prakash 2006). It produces more than 

four times as much fuel per hectare as soybean and about half as much as corn. 

A hectare of Jatropha produces 1,892 litres of fuel (6.5 barrels per acre) (USDA 

2007). The seed oil is also reported to possess insecticidal (Emeasor et al. 2005), 

mollucicidal (Hamid 2003), fungicidal (Lakshmanan et al. 1990) and nematicidal 

(Shanker and Dhyani 2006) properties.  

 

Distribution and Agronomy 

The centre of origin for Jatropha is unclear, but it is believed to be in 

Mexico and Central America (CJP 2007). It was introduced to Africa and Asia by 

Portuguese traders and is now cultivated worldwide. It grows in tropical and sub-

tropical regions of any type of soil from poorest, stony to saline soils. It generally 

occurs at lower altitudes (0 – 500 m) with average annual temperatures above 20 

ºC, but it can grow at higher altitudes and tolerates slight frost (CJP 2007). It 

grows under a wide range of rainfall regimes from 200 to over 1500 mm per 

annum. In low rainfall areas or during prolong drought, the plant sheds its leaves 

when plants are drought stressed. Jatropha can be established from seeds, 

seedlings and cuttings. Plants from seeds develop a taproot and four lateral 

roots, whereas cuttings do not develop a taproot (Heller, 1996). Jatropha grows 

quickly and could live for 50 years. Jatropha curcas could be used for several 

purposes, but the economic potential of this plant and ecological and agricultural 

aspects appear to have remained neglected and underutilized (Heller 1996). 
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The Ghana Government is most interested in promoting the use of 

Jatropha because it can be grown in a wide variety of places and has the 

potential to employ a large number of individuals (Amoah 2007). The government 

of Ghana is committed to generate 5% biodiesel of the country’s total 

consumption by 2010 and to 20% by 2015 from this plant (GEC 2005). To this 

end, government plans to increase small-scale cultivation of Jatropha by 

providing land to young farmers for the production of Jatropha seeds for the 

biodiesel industry (Kufuor 2007).  

 
 
(b) Cotton 
 
 

The place of origin of the Gossypium genus is not known, but the primary 

centres of diversity are west-central and southern Mexico (18 species), north-east 

Africa and Arabia (14 species) and Australia (17 species).  DNA sequence data 

from the existing Gossypium species indicate that the genus arose about 10 – 20 

million years ago (Seelanan et al. 1997).  

Cotton consists of four species in the genus Gossypium and family 

Malvaceae. The four genera are; G. hirsutum L., G. barbadense L., G. arboreum 

L. and G. herbaceum L., and all were domesticated separately as source of 

textile fibre. Globally, the Gossypium genus comprises about 50 species 

(Brubaker et al., 1999). The cotton shrub can grow up to 3 m (10 ft). The leaves 

are broad and 3-5 lobed. The seeds are contained in a capsule called a boll, 

each seed surrounded by downy fibres called lint (Wikipedia, 2002). Commercial 
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species of cotton are G. hirsutum L., (90%) of world production, G. barbadense 

L., (8%), G. herbaceum L and G. arboreum L (together, 2%) (Wikipedia 2002).   

Currently cotton is the leading fibre crop worldwide and is grown 

commercially in over fifty (50) countries across both temperate and tropical 

regions (Smith, 1999).  Areas with highest production include countries such as 

China, India, USA, Latin America, the Middle East and Australia, where climatic 

conditions suit the natural growth requirements of cotton, including periods of hot 

and dry weather and where adequate moisture is available 

(http://www.cotton.org/org/econ/cropinfodata/rankings.cfm). 

 

Production and Agronomy 

Cotton is chiefly grown as fibre crop and is harvested as ‘seed cotton’ 

which is then ginned to separate the seed and lint. The long lint fibres are then 

processed by spinning to produce yarn that is woven into fabrics. 

Cotton requires a long frost-free period, plenty of sunshine, and a 

moderate rainfall, usually from 600 to 1200 mm (24 – 48 inches) (CNET 

Networks, 2008). Soils need to be somewhat heavy, with a fair amount of 

nutrients. These conditions are satisfied within the seasonally dry tropics and 

subtropics in the Northern and Southern hemispheres. Nonetheless, a large 

proportion of the cotton grown today is cultivated in areas with less rainfall but 

augmented with irrigation. 
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The promotion of cotton production in Ghana started in 1968 and it is the 

fourth largest foreign exchange earner in Ghana and a source of livelihood for the 

people of the three northern regions and has a great potential for poverty 

alleviation (Accra Mail, 2007). Ghana is the 37th out of 109 leading producing 

countries, producing 70 thousand bales of cotton and exported 15 thousand 

bales in 2003/2004 (NationMaster.com).  

 
Uses of cotton and its by-products 
 

The delinted cotton seed can be processed to produce oil, meal and hulls.  

Cotton seed oil has been used since the middle of the nineteenth century and 

achieved GRAS (Generally Recognised As Safe) status under the United States 

Federal Food Drug and Cosmetic Act because of its common use prior to 1958 

(ANZFA  2002).  

Cotton seed oil is used in an array of products including edible vegetable 

oils and margarine, soap, and plastics. Cotton seed, or meal, flour or hulls 

derived from it, is also used in food products and for animal feed (ANZFA 2002).  
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CHAPTER  3 
 

  MATERIALS  AND  METHODS 

3.1.  Study  location 

 
The study was conducted at the Ghana Atomic Energy Commission’s 

Biotechnology and Nuclear Agriculture Research Institute farm in Accra, Ghana 

The actual study site was located about 20 km north of Accra (05º 40’ N and 0º 

13’ E), with an elevation of 76 m above sea level. Ghana is situated in West 

Africa, just above the Equator (Figures 1 and 2). It lies between latitude 4o 44” 

and 11o 11” north and extends from longitude 1º 14 minutes East to 3º 17” west. 

Ghana has a population of 22,409,572 and a total land area of 238,540 Km2 

(92,100 sq. miles), out of which 550 km is coastline. Among the population, there 

are six major ethnic groups, which are Akan 44 %, Moshi-Dagomba 16 %, Ewe 

13 %, Ga 8 % and Yoruba 1 %. (Caminiti et al. 2007). 
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Figure 1    Map of Ghana. 

Source: http://www.ghanaweb.com 

 

The vegetation is Coastal Savannah, and the area is characterized by a 

bimodal rainfall pattern with the major season falling between the months of 

March and June, and a minor rainy season around October. The mean annual 

rainfall is 810 mm distributed over less than 80 days, and temperatures are 
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moderate with maxima rarely exceeding 32 ºC while the minimum does not fall 

below 17 ºC. 

 

Figure 2   Location map of GAEC. 

 Source: GAEC at a Glance 

 

3.1.1. Land preparation 

 

The land has been left fallow for over two years. No cotton has ever been 

planted on any part of the research field. Stumps were removed from the field 
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before being ploughed. Disc harrowing was done a week after ploughing. Strips 

of cotton hybrid (Sarcot 5), cassava and Jatropha were grown around 8 x 25 

Meters (M) “Bosum nsia” cassava plots. The experimental treatments were 

deployed in a Randomized Complete Block Design (RCBD), replicated three 

times (Figures 3 and Plate 8). Each strip crop treatment consisted of five rows of 

cassava (control), Jatropha or cotton strip on all sides of a 10-row (1 m row width) 

x 25 m cassava plot, hereinafter referred to as CCAS, CJAT, and CCOT as main 

treatments, respectively. Plots were separated by 4 meters of fallow land (alley) 

and the intervals between adjacent plots were 1.5 M. Neither irrigation nor 

pesticides were used during these experiments.  
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Figure 3   Deployment of experimental units in a randomized complete block with 

three replications. 
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Plate 8  Experimental set up showing a section of the test. 

 

3.1.2. Physical and chemical soil properties analysis 

Soil samples were taken randomly from four sites within the 2.5-ha 

experimental land using tube auger. Samples were taken at predetermined 

depths of; 0 – 10; 10 – 30; 30 – 50; 50 – 70; and 70 – 100 centimeters. Samples 

were and air-dried and roots and other debris were removed. Samples were 

thoroughly processed using the mortar and rubber-covered pestle and 

representative portions that passed through a 2 mm sieve stored in sacks until 

their use. Soil samples were analyzed at the Soil Research Institute of the 

Council for Scientific and Industrial Research (CSIR – Ghana).  
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Particle size analysis was done by the pipette method as described by 

Gee and Bauder (1986). Soil reactions (pH) were measured in 1:2.5 soils: 

1MCaCl2 suspension. Total nitrogen in the samples was determined by the 

modified Kjedahl method (Bremner, 1996). Available phosphorus and potassium 

contents in the soils were extracted by Bray’s P1 solution and measured on a 

flame photometer (Bray and Kurtz, 1945). Organic carbon was determined by the 

wet oxidation method of Walkley and Black (1934). Exchangeable bases were 

determined with 0.1 M ammonium acetate solution at pH 7.0. Sodium and 

potassium contents in the extracts were determined by flame photometer while 

calcium and magnesium contents were obtained by atomic absorption 

spectrophotometer. Thomas (1982) method was used for the determination of 

exchangeable acidity. Cation exchange capacity (CEC) was determined using the 

ammonium distillation method. Total exchangeable bases and percent base 

saturation were then calculated using values obtained from the exchangeable 

bases and exchangeable acidity. 

 

3.1.3. Arthropod sampling: sweep net catches 

A 15" diameter sweep net was used to monitor arthropod complex 

throughout the growing season. Each sample consisted of 20 sweeps from each 

experimental plot. Sampling was conducted in all the main plots as well as in the 

surrounding strip crops Sweep net sampling was conducted for 10 weeks (July 

27 to September 28). Sampling was terminated at the end of September because 

samples failed to capture any whiteflies. 

69 
 



                                
 Texas Tech University, Ebenezer Ato Ewusie August 2008 
 
3.1.4. Arthropod sampling:  trap catches  

Yellow sticky traps were deployed to monitor relative abundance of 

whiteflies in cassava main plots influenced by surrounding strip crops (Ekbom 

and Xu, 1990). Wooden boards with dimensions of 20 cm x 13 cm were made 

from ¼” plywood. The edges of the boards were covered with masking tape to 

minimize water seepage into the board during rain events. The boards were 

painted with yellow oil paint and mounted on a 1 m wooden stakes. The board 

surfaces were coated with a commercially available jelly adhesive (Tanglefoot 

Company, Grand Rapids, MI) to form whitefly sticky traps (Plate 9). Five to six 

traps were placed randomly on each of the nine experimental units (cassava 

plots surrounded by a strip crop namely CCAS, CJAT, and CCOT x 3 

replications), with a total of 45 traps in the entire study field. The stakes of the 

traps were driven into the soil close to the plants that were to be monitored. Traps 

were placed such that the sticky side faces the plants but is out of direct sunlight. 

Trap catches were recorded weekly throughout the study period and the boards 

were cleaned to remove insects and debris from the boards using soapy water 

and adhesive glue reapplied to maintain the sticky surface. Sticky trap sampling 

was conducted from July 27 to December 28, 2007, with a total of 23 sample 

dates.  
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Plate 9  Yellow sticky traps 

 

3.1.5. Arthropod sampling:  visual observation 
 

           Visual sampling of arthropods began six weeks after planting (July 27, 

2007) both in all cassava main plots and in adjacent strips and continued weekly, 

until the end of December 2007. For each main cassava plot and strip plots, 10 

plants were randomly selected and arthropod abundance counted. Sampling was 

conducted by randomly selecting the first plant in the plot and then sampling the 

20th plant along the sampling trajectory. A modified Otim-Nape et al. (1994) 

method was used to determine the numbers of arthropod pests on the first five 

most expanded apical leaves of each selected plant.  
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3.1.6. Parasitoid abundance 

          The type and numbers of parasitoid in the field was monitored weekly from 

26 July (six weeks after planting) to 11 December 2007 (six months after 

planting). Matured leaves with whitefly nymphs were collected from 20 cassava 

plants on a zigzag pattern from the entire cassava plots every week. Discs were 

cut and kept in vials and incubated under laboratory conditions (25± 1ºC and 

12:12 L: D photoperiod) until adult parasitoids emerged. Whiteflies were 

considered parasitized only when a parasitoid emerged from a nymph.  

 

3.1.7. Whitefly development and survivorship in cassava, cotton, and 
J.curcas: field cage experiments 

 
           Whitefly eggs were collected from the under surface of cassava plants and 

kept in a plastic bowl with a netting lid. The eggs were incubated under laboratory 

conditions (25± 1ºC and 12:12 L: D photoperiod). Newly emerged adults were 

anesthetized by cold air currents and one male and one female were confined in 

clip cages attached to the underside of terminal leaf of the third fully expanded 

leaflet of healthy cassava, Jatropha and cotton. Clip cages were made from cover 

slip containers. A hole was created in one side and fitted with muslin cloth glued 

for ventilation. After 72 hours, adults were removed and eggs counted. For each 

treatment, fifteen females were used and experiments were replicated three 

times.  
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3.1.8. Cassava mosaic disease severity ranking 

 
          CMD severity was evaluated monthly from the third month after planting 

(MAP) to 6) MAP. The number of shoot tips (young flushes with at least five 

opened leaves) was counted and disease severity ranked for each of the tips. A 

scale of 1 – 5 was used to assess severity: 1 = no symptoms; 2 = mild chlorotic 

patterns and slight distortion of only the base leaves; 3 = mosaic patterns on all 

leaves, leaf distortion; 4 = mosaic patterns on all leaves, leaf distortion, and 

general reduction in size; 5 = leaves twisted/misshapen and stunting of whole 

plant (Hahn et al. 1980) (Plates 10, 11, 12, 13). On each experimental plot, 20 

cassava plants were randomly selected on two diagonals through the plot. The 

first five leaves on each plant were inspected for symptoms and an overall 

ranking for symptom severity scored as stated above. 
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Plate 10       Plate 11        
 
Healthy cassava plant      Cassava plant showing mild symptoms 
                                                                   of CMD            
                              

        
 
Plate 12       Plate  13  
 
Cassava plant showing moderate             Cassava plant severely affected by 
symptoms of CMD                                     CMD                 
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3.2.    Statistical analysis 
 

     The experimental design was a Randomized Complete Block Design (RCBD), 

replicated three times. Ten plants each from the strip crops and main cassava 

plots were sampled by direct/visual method weekly for 23 weeks. Five yellow 

sticky traps were placed in each of the main cassava plots and sampled weekly. 

 

     Number of whitefly (Bemisia tabaci) adults, eggs and nymphs found on the 

first five leaves per plant, sticky card counts for each treatment by sampling date 

were analyzed using mixed model techniques (Proc MIXED, SAS 2003).  The 

numbers of whiteflies were accumulated by date to produce a better test of the 

treatments for each replication, treatment, method.  For each method of 

sampling, data were analyzed as a randomized block design with 3 blocks and 3 

treatments. Data collected throughout 23 weeks of sampling were analyzed as 

repeated measures factor. Normality of errors was tested with the Shapiro-Wilk 

(1965) test; sphericity was assessed with Mauchly’s (1940) test. Assumptions 

were more nearly satisfied when data were analyzed on a log-transformed scale. 

When treatment and week interacted, I tested the simple main effect of treatment 

at each week with an error term specific to the contrast (Kirk 1995), if this test 

was significant, pairwise comparisons among treatments for each week of 

sampling was accomplished with protected LSD. When treatment and week did 

not interact, the main effect of treatment was tested; if this was significant, 

pairwise comparisons among treatments were made with protected LSD; 

separate error terms were used if sphericity was violated.  

75 
 



                                
 Texas Tech University, Ebenezer Ato Ewusie August 2008 
 

CHAPTER  4 

RESULTS 
 

4.1.   Weather data, 2007 
 

The highest mean temperature was recorded in the month of February 

(Figure 4). Rainfall followed the usual bimodal pattern of the southern part of 

Ghana, however, the first rainy season which normally occurs from May to 

August, started rather early from March and the minor season peaked in 

December instead of October – November. Unfortunately, no rainfall occurred in 

October as expected in normal years. 

 

Climate data from BNARI Research Farm
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Figure 4   Mean temperatures (oC) and mean precipitation (cm) for year 2007 
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4.1.1.  Soil physical and chemical properties 
 
 

The result in table (3.1) indicates that the soil is predominantly sandy, with 

the top soil (0 – 50 cm) being sandy loam while the sub-soil (50 – 100cm is sandy 

clay. This result compares favorably with the general soil types of Ghana that are 

highly weathered with predominantly light textured surface soils in which sandy 

loams and loams are the common textural classes. The lower soil horizons have 

relatively heavier textures varying from coarse sandy clay loams/sandy loams to 

clays. The soil physical properties also agree with the general soil type of Accra, 

which is ferric acrisol, soils with argic horizon (a subsurface horizon with distinct 

higher clay content than the overlying horizon) (FAO, 1974). The coarse nature of 

the soils has an adverse impact on their physical properties, particularly their 

water holding capacity. Thus, crop water stress is generally expected during the 

growing season. 

 
Table 3.1 Physical properties of composite samples at different depth intervals 
________________________________________________________________ 
Depth (cm) Sand   Silt  Clay   Texture____ 

0 – 10  73.67   13.67  12.67   Sandy Loam 

10 – 30 67.00   18.00  15.00   Sandy Loam 

30 – 50 65.00   22.67  12.33   Sandy Loam 

50 – 70 56.67     5.33    3.80   Sandy Clay 

70 -100 39.00   34.00  38.00   Sandy Clay 

 

 With the exception of organic matter and nitrogen contents, (Table 3.2) the 

ranges of values for the other chemical properties were within the regional soil 
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fertility status (SRI, CSIR, 2000). When these results are compared with 

published data from correlation studies (Howeler, 1996 a, b), the range of values 

for magnesium, calcium, organic carbon and soil pH were medium for cassava 

cultivation. Available phosphorus and potassium were above medium and very 

high, respectively, whereas organic matter and nitrogen contents were low for 

cassava cultivation. 

 

Table 3.2 Selected Soil chemical properties of composite samples from different 
depth intervals. 
________________________________________________________________ 

Depth     Available   Available  Calcium       Magnesium 

(cm)        pH       N   O/M   OC K mg/kg     P mg/kg   Cmol(+)/kg     Cmol(+)/kg 

0-10     5.14   0.08  1.66  0.56    23.00      19.53      24.00       1.16 

10-30     5.08   0.04  0.82  0.47   19.78       17.44       2.34       0.94 

30-50     4.91   0.03  0.58  0.34  16.96        10.46       2.33       0.90 

50-70     4.53   0.03  0.57  0.33  11.96          7.66       2.32       0.89 

70-100   4.37   0.01  0.28  0.16  10.56          6.28       2.28               0.72    _   

 

4.1.2. Arthropod pest species complex  

There was a rich complex of arthropod species in all crops evaluated 

including whiteflies [Bemisia tabaci and Aleurodicus disperses (Homoptera: 

Aleyrodidae)], aphids (Aphis gossypii (Homoptera: Aphidoidae), leaf eater (Lagria 

cuprina) (Coleoptera: Lagriidae), ants (Lasius niger) (Hymenoptera: Formicidae), 

plant flea [Crioceris asparagi, Longtarsus exoletus (L), Zeugophora subspinosa, 
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Monoleta sp, Galeruca sp., and Podagrica uniformis (Jac). (Coleoptera: 

Chrysomelodae)], lacewing (Monoleinta goldlings) (Neuroptera: Chrysopidae), 

plant hopper [Poophus sp. (Homoptera: Cecorpidae)], cotton stainer [Dysdercus 

suturellus and Dysdercus voelker (Hymenoptera: Pyrrhocoridae), flower leaf 

beetle (Microtheca ochroloma)( Coleoptera: Chrysomelidae), lady beetles 

[Scymnus sp., Exochomus sp., and Cheilomenes vicina Muls. (Coleoptera: 

Coccinellidae)], green mite (Mononychellus tanajoa) (Acari: Tetranychidae), 

thrips (Caliothrips fasciatus, Franliniella williamsi) (Thysanoptera: Thripidae), fruit 

chafer (Diplognatha gagates (Frost) (Coleoptera: Scarabaeidae), plant bug 

(Lygus sp.)(Hemiptera: Miridae), grasshopper (Zonocerus variegatus) 

(Orthoptera: Acrididae), wasp (Vespula vulgaris (L) (Hymenoptera: Vespidae), 

praying mantid (Stagmomantis carolina (Johannson) (Mantodea : Mantidae), and 

various species of spiders.  

 

The average abundance of arthropod pests (percent of the total) 

determined for the strip crops and the various treatments are presented in Table 

3.3. The dominant arthropod order in the main treatment plots was Homoptera, 

comprising 93.2, 77.9 and 88.6 % in cassava with cassava (CCAS), cassava with 

cotton (CCOT) and cassava with Jatropha curcas (CJAT), respectively. In the 

strip crops, J. curcas favoured lower percentage of Homoptera 24.3% compared 

with that by cassava (94.3%) and cotton (74.1%) strips, respectively.  

Hymenoptera was the second largest order of insects in the main plot treatments. 

The CJAT favoured 6.6%, whereas CCAS and CCOT had 2.2 and 2.4%, 
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respectively. The second larger component of arthropods in the cassava and 

cotton strips was Hymenoptera, 2.0 and 1.7%, respectively, while the second 

larger component in J. curcas was Coleopterans (66.7)%. 

 

Table 3.3.  Average abundance of arthropods (percent of total arthropods) in strip 
crops. 

________________________________________________________________ 
Arthropod Class Cassava strip  Cotton strip      Jatropha curcas strip 

Homoptera  94.32   74.14   24.29 

Coleoptera    0.03     8.66   66.70 

Hymenoptera   2.04     1.72     1.20 

Neuroptera    1.72     1.72     0.00 

Orthoptera    0.05     0.00     0.18 

Mantodea    0.07     0.05     0.35 

Acari     1.09     2.00     2.27 

Araneae    0.01     0.86     3.72 

Homoptera  93.20   77.86   88.63  

Coleoptera    0.13      0.13     0.45   

Hymenoptera   2.16      2.40     6.57   

Neuroptera    1.39      1.03     1.32     

Orthoptera    0.00      0.00     0.00   

Mantodea    0.00      0.00     0.00   

Acari     1.17      1.58     1.05  

Araneae    1.67      0.47     0.10___________ 
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4.1.3. Predator abundance 

Figure 5 shows the percentage abundance of predators in the three main 

plot treatments. Number of predators on cassava plants in the three treatments 

did not vary between the months of July and November 2007, but the predator 

abundance was significantly higher in CJAT than the other two treatments in 

December.   
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Figure 5    Predator distributions per plant on cassava in the three treatments.  

 
4.1.4. Visual cumulative weekly egg counts  

           The trends of cumulative whitefly eggs oviposited in cassava plots 

surrounded by various strip crops and in the strip crops are shown in figure 6 A 

and B.  
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Visual cumulative whitefly eggs in strip crops
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B 

Figure 6    (A) Cumulative weekly whitefly (Bemisia tabaci) eggs in cassava,  

(B) Cumulative weekly whitefly (Bemisia tabaci) eggs in strip crops     

GAEC, Ghana, 2007.   
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Cumulative weekly eggs oviposited in CCAS began increasing earlier 

compared with those for CCOT and CJAT. This increase continued throughout 

the 28 weeks of monitoring. Total number of eggs oviposited in CCAS surpassed 

those in CCOT and CJAT from 9 to 28 weeks. Statistical analysis of these 

differences showed that CCAS had significantly higher number of eggs (353.30 ± 

144.30 P=0.0466); however, similar numbers of eggs were oviposited in both 

CCOT and CJAT. Among the strip crops, higher numbers of eggs were found in 

cotton than cassava and J. curcas from 12 – 28 WAP. J. curcas strip had the 

lowest number of eggs (62.70±29.80 P=0.9267). 

 
4.1.5. Visual cumulative nymphs  

           There were three nymphal activity peaks on cassava (18, 22 and 28 WAP) 

for CCAS, CCOT and CJAT (Figure 7a). Statistically, similar whitefly nymphs 

were observed in CCOT (162.00 ± 25.40) and CJAT (120.30 ± 37.60). 

 

           However, it was only in 18 WAP that this peak was significant in all 

treatments. Nymphal density counts in CCAS were significantly higher compared 

(275.00 ± 59.50, P = 0.0437) with those of CCOT and CJAT. With regard to strip 

crops (Figure 7b), J. curcas as a strip crop supported significantly lower nymphal 

population (7.30 ± 7.30, P = 0.0492) compared with cotton and cassava, which 

had 222.70 ± 93.30 and 108.00 ± 2.60 respectively. 
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Visual cumulative number of whitefly nymphs on cassava
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Figure 7a Cumulative weekly whitefly (Bemisia tabaci) on cassava, GAEC, 

Ghana, 2007.  

 

Visual cumulative whitefly nymphs in strip crops
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Figure 7b Cumulative weekly whitefly (Bemisia tabaci) nymphs in strip crops, 

GAEC, Ghana, 2007. 
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4.1.6. Visual cumulative adults  

The effect of strip crop was significantly different, (P = 0.0184). Adult 

whitefly numbers in CCAS and CCOT were similar (P = 0.0699); however, there 

were significantly fewer adult whiteflies in CJAT than CCOT (P= 0.0604), and 

significantly fewer whiteflies in CJAT than CCAS (P = 0.0072) at P=0.05 level 

(Figure 8a).  
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0

100

200

300

400

500

600

700

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Weeks after planting

Cu
m

ul
at

iv
e 

nu
m

be
r

Cassava
Cotton
Jatropha

 

Figure 8a   Mean cumulative weekly whitefly (Bemisia tabaci) adults in CCAS, 

GAEC, Ghana, 2007. 

 
Type of strip crop had a significant effect on the number of whitefly adults 

(P = 0.0028). Strip cropped cassava (Figure 8b) had a significantly higher (P = 

0.0197) adult counts than that of cotton (441.70 ± 52.50 and 259.70 ± 11.30 

respectively).  J. curcas had the lowest abundance of adult whiteflies (35.00 ± 

3.10, P=0.0097). 

 

85 
 



                                
 Texas Tech University, Ebenezer Ato Ewusie August 2008 
 

Visual cumulative adult whiteflies in strip crops
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Figure 8b   Mean cumulative weekly whitefly (Bemisia tabaci) adults strip crops, 

GAEC, Ghana, 2007. 

 

4.1.7. Sticky card counts 

The effect of strip crop was significant. (P = 0.0334) The number of adult 

whiteflies caught by the sticky traps rose slowly from 6 WAP and did not show 

signs of levelling off in all treatments (Figure 9). Sticky traps placed in CCAS 

caught greater number of adults (1159.33 ± 162.87) compared with that in CCOT 

(1153.00 ± 162.87) but this difference was not significant (P = 0.1278). However, 

significantly fewer numbers of whitefly adults (622.00 ± 162.87) were recorded in 

CJAT than both CCAS (P = 0.0135) and CCOT (P = 0.0824). 
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Cumulative sticky card counts of adult whiteflies in cassava
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Figure 9   Mean cumulative weekly whitefly (Bemisia tabaci) sticky card catches, 

GAEC, Ghana, 2007. 

 

4.1.8. Parasitoid- activity and abundance 
 
Level of parasitism in field populations of whitefly was generally low (Table 

3.4). Eretmocerus spp. and Encarsia spp. were the two common parasitoids 

observed consistently throughout the field. Total of 17 parasitoid specimens were 

retrieved from the laboratory rearing of the field collected whitefly specimens. All 

parasitoids observed were hymenopterans from the family Aphelinidae. Two of 

the parasitoids were not identified because they were damaged. Total of 10 

specimens of Eretmocercus species (58.8%) and five of Encarsia species 

(29.4%) were retrieved.  
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Table 3.4. Parasitoids emerged from whitefly nymphs collected in cassava, 
GAEC, Accra, Ghana, 2007. 
________________________________________________________________ 

 No. No.                     Genus  

Month   set Parasitized      Order  Family      species    
________________________________________________________________ 
 
July   10      0   
 
Aug.   15      2  Hymenoptera Aphelinidae     Encarsia spp. 
             
Sept.   30      2  Hymenoptera Aphelinidae     Eretmocerus spp. 
 
   “       2  Hymenoptera Aphelinidae     Encarsia mundus 
 
   “       1  Hymenoptera Aphelinidae     Eretmocerus spp. 
 
Oct.   30      3  Hymenoptera Aphelinidae     Eretmocerus spp. 
 
  “       1  Hymenoptera Aphelinidae     Encarsia sophia 
 
 
Nov.    30      3  Hymenoptera Aphelinidae     Eretmocerus spp 
 
Dec.    25      1  Hymenoptera Aphelinidae     Eretmocerus spp 
 
  “       2  Not identified        
________________________________________________________________ 
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4.2. Cassava mosaic disease severity 

At three MAP, CMD symptoms were observed in all the nine plots (Table 

3.5).  

 
Table 3.5.  Percent severity of cassava mosaic virus at 3, 4, 5 and 6 months after 
planting (MAP). 
________________________________________________________________ 
Treatment                     Severity  MONTHS AFTER PLANTING 
                                       score        3 MAP  4 MAP     5 MAP       6 MAP                               
________________________________________________________________ 
Cassava with cassava  1        18.3   18.3         16.7       8.3 

    2        11.7   31.7         38.3     46.7 

    3        38.3   26.7         36.7           38.3 

    4        21.7   13.3          8.3             6.6 

    5        10.0   10.0          0.0             0.0  

Cassava with cotton  1        16.7   21.7        16.7     13.3 

    2        21.7   25.0        35.0     50.0 

             3        30.0   31.7         35.0     28.3 

                       4        21.7   11.7        10.0     10.0 

             5        10.0   10.0          3.3       0.0 

Cassava with Jatropha  

 curcas            1        11.7   16.7        16.7            16.7 

    2        30.0   33.3        41.7      66.7 

    3        33.3   30.0        26.7     18.7 

    4        16.7   15.0        26.7       0.0 

   5        10.0     5.0        15.0       0.0   

_______________________________________________________________                          
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Overall, CMD infestations did not vary across the three main crop 

treatments. Average of 38.3, 30.0 and 33.3% of plants in CCAS, CCOT, and 

CJAT, respectively, were moderately infected (level 3) with conspicuous mosaic 

pattern throughout leaf, narrowing and distortion of the lower half of leaflets. 

 

Similarly, a sizable proportion of plants showed level 4 infestation, with 

21.7% each in CCAS and CCOT and 16.7% in CJAT that had mosaic distortion 

of 2/3 or more leaflets and a reduction of leaf size. Approximately 10% plants in 

all treatment plots had severe mosaic distortion of 4/5 or more of leaflets, twisted 

and misshapen leaves. 

 

At 4 MAP, CCAS, CCOT, and CJAT showed 26.7, 31.7, and 30.0% 

moderate CMD infestations, while 13.3, 31.7 and 30.0% had severe CMD 

infection, respectively. At 5 MAP, 36.7, 35.0 and 26.0% had moderate and 8.3, 

10.0 and 15.0% had severe CMD infection in CCAS, CCOT, and CJAT, 

respectively. Severity of CMD infection generally declined 6 MAP, with 38.3, 28.3 

and 16.7 % moderately infected and 6.6, 10.0, and 0.0% severely infected plants 

in CCAS, CCOT, and CJAT, respectively. CMD severity in cassava generally 

decreased as crop aged. 
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4.2.1. Field cage studies 

Host plant suitability influenced the population dynamics of whiteflies 

(Figure 10).   

 
 

 

 

 

Texas Tech University, Ebenezer Ato Ewusie, August 2008 
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Figure 10   Distribution of population dynamics of Bemisia tabaci. 

 

Cassava and cotton were the best host plants for the development of B. 

tabaci. Under clip cage conditions, cassava, supported 11.41 % whitefly adult 

survival compared to cotton (8.01 %). Numbers of eggs laid and hatched, were 

lowest in J. curcas and none of the adults emerging on it survived to day 10 after 

emergence. J. curcas was thus not a suitable host plant for B. tabaci. This could 

be due to nutritional status of J. curcas.  
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CHAPTER  5 

DISCUSSION 
 

Arthropod species composition varied significantly among the strip crops. 

Cassava and cotton strips harbored predominantly Homoptera (94 and 74%) with 

<2% of Neuroptera, whereas 24% Homoptera and no Neuroptera occurred in 

Jatropha curcas. On the other hand, Jatropha curcas strip harbored more 

Coleoptera (~67%) and Araneae (~ 4%) than both cassava and cotton strips. 

Three possible scenarios can be presented to explain this difference: (1) both 

cassava and cotton had denser canopies and therefore more exposed area for 

landing (2) nutritionally related plant qualities of the crop s on the field (3) 

Jatropha curcas might be releasing semiochemicals that are inhibitory or 

repellent to both Homopterans and Neuropterans, but favorable to Coleopterans 

and Araneae. Arthropod species composition did not vary in CCAS and CCOT, 

an indication that there is a lack of relationship between arthropod species 

composition in strip crops and the diverting of those arthropods from the main 

cassava plots. For instance, cassava and cotton strips had 94 and 74% 

Homoptera (whiteflies, aphids and leafhopper) and the main cassava plots 

surrounded by cassava and cotton strips had 93 and 77% Homoptera, 

respectively. The apparent lack of strip crop effect on species complex in the 

main plot may be attributed to the smaller landscape than desirable for such a 

study. 
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It has been reported that natural enemies may play important roles in 

regulating whitefly population dynamics (Gerling 1990). However, during the 

study, I seldom encountered the nymphal parasitization in the field.  Natural 

enemies, particularly the parasitoids, were not an important factor affecting the 

whitefly populations in this study. Thus, the potential of selected strip crops in 

conserving or relaying natural enemies of whiteflies though a plausible cultural 

control strategy was not evidenced in this study.  

 

  A consistent lower density of B. tabaci was observed on strip planted J. 

curcas and adjacent cassava plant plots for all developmental stages. Therefore, 

J. curcas functioned more as a repellent than as a sink or source for B. tabaci. 

The dispersal and infestation of a crop by whiteflies depends on its acceptance 

for landing, feeding, oviposition and its suitability for nymphal development 

(Omondi et al., 2005). Population reduction of whiteflies has been found 

associated with host plant quality and availability (Liu 2000). Components of host 

plant quality (such as carbon, nitrogen, and defensive metabolites) (Awmack and 

Leather 2002) of leaves of J. curcas either may have been unsuitable or may 

possess insecticidal or inhibitory properties (Tewari and Shukla 1982). Byrne and 

Draeger (1989) reported that first instars of B. tabaci failed to survive on mature 

lettuce, and they suggested that nutrition-related plant quality might be the most 

important factor affecting survival rather than the inability of young nymphs to 

reach the phloem tissue. Elucidation of the precibarial and cibarial chemosensilla 
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of B. tabaci by Hunter et al. (1996) indicates that B. tabaci may be able to 

evaluate plant sap before ingesting it. 

 

Significantly, higher densities of B. tabaci (eggs, nymphs and adults) were 

found in strip planted cotton compared with that of J. curcas. Additionally, 

significantly higher numbers of adults were observed in CCAS than in CJAT. This 

clearly demonstrates that cotton strip acted as a source and relayed whiteflies to 

adjacent cassava plots. 

 

While the reliability of yellow sticky traps in estimating population densities 

and within-field movement behavior is debatable, (Horowitz 1986), the number of 

B. tabaci detected by sticky traps in this study provided a generally similar trend 

to what was observed in the visual sampling.  Melamed-Madjar et al. (1982) 

showed a significant correlation between adults caught by yellow traps and the 

numbers of larvae found in leaf samples in cotton field (r = 0.91, P = 0.01). Matsui 

(1992) showed a similar correlation in tomato grown in a greenhouse infested 

with B. tabaci. Gerling and  

 

Horowitz (1984) and Horowitz (1986) showed a high correlation (r = 0.99, 

P < 0.001) between the number of adults caught by vacuum cleaner and those 

sampled by direct visual methods in tobacco field. Yellow sticky traps sampling 

seem therefore to reflect at least general population trends (Hirano et al. 1993). 
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“Busom nsia” is one of the most widely grown cultivar in Ghana, probably 

because of its good cooking quality and short maturation period of six months. 

Visual assessments of the presence/absence of CMGs in field-grown cassava 

plants are normally reliable (Legg and Thresh 2004). The significantly lower 

mosaic disease severity in CJAT 6 MAP, may be attributed not only to the 

inherent ability of this cultivar to overcome the effects of CMD since severity 

mostly decreased as the age of the plant increased (IITA 2004), but the likelihood 

of an inhibitory compound in J. curcas leaves. The latex of J. curcas contains an 

alkaloid known as jatrophine, which is believed to be having anticancerous 

properties, thus this alkaloid may be inhibitory to whiteflies.  

 

The potential of selected strip crops in managing whitefly (Bemisia tabaci) 

population clearly indicates that strip cropping can be a viable management 

strategy for the control of Bemisia tabaci populations in cassava production. 

Future studies including investigations into the insecticidal and ovicidal properties 

in the leaf latex of J. curcas, and cassava yield comparison in this scenario, 

together may further our knowledge and capacity to control CMD.  
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