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ABSTRACT 

Cassava Mosaic Disease is one of the major virus diseases limiting cassava 

production in Ghana and Africa. The disease accounts for low yields of cassava 

with over forty (40) improved cassava varieties (ICVs) bred and released to 

improve cassava production in Ghana. Household surveys in six cassava

growing districts in the Volta Region indicates that all 180 respondents had 

experienced CMD on their farms but did not know the cause and majority 

(74.4%) do not control the disease. A field survey in the six districts showed 

CMD was prevalent and severe with high incidence of coinfections with ACMV 

and EACMV after serological analysis. PCR detected ACMV (78.9%), 

EACMV (1.1 %) and co-infection (20%) in all the districts but not in all the 

farms surveyed. Next generation sequencing of field samples using lllumina 

MiSeq sequencing platform led to the assembly of twelve full length CMGs 

genomes (6 ACMV DNA-A components, 3 ACMV DNA-B components and 3 

DNA-A EACMV components) which aligned closely to already published 

isolates identified in West Africa. TAS ELISA screening of21 ICVs evaluated 

in 2018/2019 detected ACMV in all varieties but not 'Hemaa' and' AGRA' 

from the coastal savannah. EACMV was detected in varieties' Ampong, TEK, 

Sika, Lamesese, Abasafita, Amansan, and Esam'from the Coastal savannah and 

varieties 'Ampong, Lamesese, Botan, Sika, AGRA, IFAD, and Capevars' from 

the Forest zone. Graft challenge of rcvs in the screen house using CMD

infected rootstocks showed that all the rcvs are resistant to EACMV except 

Amansan, Abrabopa and AGRA. Generally, all the rcvs are showed mild to 

moderate infection to CMD following screening using T AS-ELISA, PCR and 

graft challenge with infected rootstocks in two years. 
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CHAPTER ONE 

INTRODUCTION 

Cassava (Manihot esculenta Crantz) is a major staple food for over 800 

million people around the world (Howeier, Thomas, Holst Sanju_an, Sanju_an, 

Quir_os, Isebrands & Gonz_alez, 2013) and over 500 million people in Sub 

Saharan Africa, (Atwijukire, Hawumba, Baguma, Wembabazi , Esuma, Kawuki, 

& Nuwamanya, 2019). The roots are a major source of starch and processed into 

diverse food products (Sanchez, Salcedo, Ceballos, Dufour, Mafla, Morante, 

Jaramillo, 2009). 

According to Oparinde, Abdoulaye, Manyong, Birol, Asare-Marfo, 

Kulakow, & Ilona, (2016), cassava serves as the second highest provider of 

calories in diets after maize in Africa. Due to its ability to survive drought and 

grow well on poor or marginal soils, it is considered a food security crop (Kleih, 

Phillips, Wordey, & Komlaga, 2013). 

Worldwide production of the crop stands at 291 million tons with Africa 

contributing over 50% estimated around 177 million tons (FAO, 2019). Out of 

this total global production, Ghana accounts for 18 million tons (FAOST AT, 

2016). Cassava contributes 22% out of the total 47% agricultural gross domestic 

product to the economy of Ghana (Angelucci , 2013). The crop is grown by most 

farming families in Ghana and provides more than 50% of daily calories to 

consumers (Manyong, Dixon, Makinde, Bokanga, & Whyte 2000). Presently, 

cassava is largely grown in every part of the country occupying 887,000 

hectares with an achievable yield of 45 t ha- I (Bayitse et al20 17). 

Even though the crop is known to tolerate and produce under low soil 

fertility and easy to multiply planting materials without any financial assistance 
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to the farmer, its production is hampered by several constraints, mainly biotic 

constraints (Hillocks, 2002). 

Problem Statement 

Diseases and pests are major constraints to cassava production in Africa 

(Bayitse et at. , 2017). Common insect pests of cassava include Cassava mealy 

bugs, (Pheanacoccus manihoti), green spider mite (Mononychillus tanajoa) 

(Herren, & Neuenschwander 1991), and whiteflies (Bemisia tabaci) (Perrings, 

2001). 

The most devastating disease that affects production of cassava in Africa 

and Ghana is the Cassava Mosaic Disease (CMD), caused by Cassava Mosaic 

Germiniviruses (family Germiniviridae; genus Begomovirus (Leg & Fauquet, 

2004). Yield losses due to CMD range between 20% to 90% (Moses, Asafo

Agyei , Adubofuor, Adusei , 2008) and in severe cases 100% yield loss is 

recorded (Thresh & Cooter, 2005 ; Moses, 2009). Economically, CMD causes 

annual yield loss estimated at US$ 1.9 - 2.7 billion (Legg, Owor, Sseruwagi, & 

Ndunguru, 2006). CMD is transmitted through the whitefly vector and use of 

infected planting materials (Thresh, Otim-Nepa & Nichols, 1994). Disease 

incidence and severity has been observed to be higher in crops grown from 

infected cuttings (Thresh e{ at., 1994). 

The most effective means of controlling CMD in Africa has been 

through the use of resistant varieties (Thresh, Otim-Nepa, Legg, & Fargette, 

1997). Thus, since the first report of the disease in Ghana by Dade (I 930), more 

than twenty improved and resistant cassava varieties have been released to 

control CMD (National Crop Variety Catalogue 2019). However, reports from 

Research Extension Farmer Linkage Committee (RELC) (Volta, Central and 
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Eastern Regions) indicate that CMD is still endemic in fanners' cassava farms 

(RELC report, 2016-2018). Again, personal observation at the Ohawu 

Agricultural College in the Volta Region and Asuansi multiplication Centre in 

the Central Region where some of these improved/resistant varieties are 

maintained and multiplied for local farmers confirms the RELC report. 

To identify reasons for the persistence of CMD in Ghana, especially in the 

Volta Region after the release of several improved and resistant varieties over 

20 years, answers to the following questions would be helpful : 

Are fanners aware of the existence/incidence and effects of CMD on 

their farms? 

• Are farmers aware of the mode of transmission and management of 

CMD? 

• Are they aware of the availability ofCMD-resistant or tolerant varieties? 

• Do farmers have access to improved varieties? 

• Are farmers growing CMD-resistant or tolerant varieties? 

• Are the CMD-resistant or tolerant varieties still resistant to the Cassava 

Mosaic Geminivirllses s in the field? 

• Are the improved varieties susceptible to strains of Cassava Mosaic 

Geminiviruses (CMGs) present in the Volta Region? 

• Are there new strains/species of CMGs in the Volta region? 

Justification 

Over the years a lot of effort has been made by the government and other 

international agency-led programmes to increase cassava production in Ghana. 

One of the regions that received such support is the Volta Region (Akllmatey, 

2017; Torvikey, 2017). These programmes include the Root and Tuber 
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Improvement & Marketing Programme (RTIMP), West Africa Agricultural 

Productivity Programme (WAAPP), the Caltech Venture Programme with the 

most current being the One District, One Factory drive by the government of 

Ghana (Akumatey, 2017; Torvikey, 2017). All these programmes and 

interventions have increased the production of cassava in the region. For 

example, through the Caltech Programme, about 3000 hectares of land was 

acquired for planting and processing cassava at Hodzo in the Ho municipality 

(Akumatey, 2017). This programme saved the country an estimated 200 million 

USD used for importing cassava flour and ethanol (Akumatey, 2017). 

According to the National Board for Small Scale Industries, the Volta 

Region has become the hub for cassava production with a number of private 

investments such as Reagvin Ventures Limited acquiring about 4000 hectares 

of land for production and processing of cassava (Akumatey 2017). Therefore, 

it is important to investigate farmers' awareness of CMD, management 

practices, knowledge and use of improved/resistant cassava varieties and the 

status of resistance of the improved/resistant cassava varieties in the Volta 

Region. 

Furthermore, this study will determine the prevalence and distribution 

of CMD in fanner fields , characterization of genetic diversity of CMGs and the 

development of effective and sustainable management strategies against the 

disease. Information generated on the status of CMD in the Volta Region will 

be useful in directing breeding goals, policy and development of strategies to 

control or manage CMD in the Volta Region and other cassava growing regions 

of Ghana. 

4 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



General Objective 

To assess the prevalence, distribution and genetic diversity of Cassava 

Mosaic Geminiviruses in the Volta Region of Ghana. 

Specific objectives: 

To determine farmer awareness of CMD, management practices, 

knowledge and use of released improved/resistant cassava varieties 

To determine the prevalence and spatial distribution of CMD and 

associated Cassava Mosaic Geminiviruses in the Volta Region. 

• To determine the genetic diversity of Africa Cassava Mosaic Virus and 

East Africa Cassava Mosaic Virus species in the Volta Region. 

To assess the resistance/tolerance level of selected improved cassava 

varieties to CMD in the coastal and forest agro-ecological zones and 

screen house conditions. 
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CHAPTER TWO 

LITERA TURE REVIEW 

Cassava: Origin, distribution, production and uses 

Cassava was introduced to West Africa in the year 1588 by the 

Portuguese to feed the Africa's slave trade (Okogbenin, Egesi, & Fregene, 

2006). Cultivation of cassava started early in the Fernando Po around the 16th 

century, however the spread to other West African countries delayed until the 

18th to 20th century (Oslen & Schaal 1999; Hershey, 2012; Njoku, 2012). In the 

latter half of the 18th century, cassava had become the most widely grown and 

used crop in the coastal plains. The Portuguese planted the crop near their 

trading port, f0I1s and castle in Ghana because it was a major source of food 

consumed by both the Portuguese and African slaves (Oslen & Schaal 1999). 

The crop is drought-tolerant and able to grow appreciably well in low 

soil fertility, thus, it is the most cultivated root crop by small holder farmers in 

the tropics (FAO 2013 ; Liu, Liu, Peng, He, 2014; Saranraj, Behera, & Ray, 

2019). 

The production of cassava stands at 291 million tonnes, since 2017, with 

Africa contributing 177,948 million tons (FAO, 2019). The highest producer 

globally is Nigeria contributing 59,485,947 MT representing 20.4%, followed 

by Congo DR (31 ,596,046 MT), Thailand (30,973,292 MT), Indonesia 

(19,046,000 MT), Brazil (18,876,470 MT) and Ghana (18,470,762 MT) 

respectively which all accounts for 6.32% of the world's output (FAO, 2019). 

In Africa, Nigeria ranks first followed by DR Congo, Ghana, Angola 

and Mozambique. In terms of land under cultivation, Africa uses about 56.5% 

for cultivation of cassava with Nigeria having the largest land under cultivation 
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followed by DR Congo, Uganda, Mozambique, Angola and Ghana respectively 

(FA02019). 

In Ghana, cassava cultivation spread from the southern part to the 

middle and the northern part of the country by 1930. However, its spread to 

other regions such as the Brong Ahafo, and the Northern Regions was delayed 

until after the 1983 drought (Korang-Amoako, Cudjoe, & Adjakloe, 1987). 

Currently, cassava is grown in all the regions of Ghana on small scale basis 

(MoFA, 1997; Torkpo, Gafni , Danquah, & Offei , 2018). 

Cassava cultivation 

Presently, cassava is cultivated in the tropical and sub-tropical regions 

of Africa, Asia, and Latin America, between latitude 300 N and 300 S of the 

equator and 26 to 2300 m above sea level (Alves, 2002). The crop is grown in 

areas such as North-eastern Brazil, Colombia's northern coast, Peru's coastal 

region, West Africa and Asia which are characterized by severe drought, poor 

and intermittent precipitations, high potential evapotranspiration, poor soil 

fertility and high risk of pest and diseases (Okogbenin, Setter, Ferguson, 

Mutegi , Ceballos, Olasanmi, Fregene, 2013). 

In Sub-Saharan Africa, land area under cultivation grew from 6.16 

million ha in 1968 to 20.2 million ha in 2017, rising at an average annual rate 

of 2.59% (FAO, 2019). In Ghana, cassava production is estimated at more than 

12 million metric tons per year (MoF A, 2009). Ghana's cassava food production 

grew from 1047 per 1000 tons in 1968 to 6745 per 1000 tons in 20 I 7 with an 

average annual rate of4.36% (FAO, 2019). 

Cassava cultivation requires warm and humid climate with average 

temperatures of 25 - 27 ° C, annual rainfall of 500 mm to 5000 mm and below 
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an altitude of 150m Norman, 2017). According to MoFA-SRID, (2014), Ghana 

has an annual rainfall between 800 and 2,200 mm making it suitable for cassava 

cultivation. Cassava does well in oxisols and ultisols which are highly acidic 

and marginal with pH of 4.0-8 .0 performing well without any agrochemical 

input. (O'Hair, 2005 ; EI- Sharkawy, 2004). Although cassava does relatively 

well in soils with low fertility low supply of nitrogen can decrease light 

interception and reduce growth of the cassava canopy while poor supply of 

potassium reduces water usage (EI-Sharkawy, 2007). However, nutrient 

application has been shown to increase yields in cassava (Adekayode & Adeola, 

2009; Sogbedji, Agboyi, Detchinli, Atchoglo, & Mazinagou, 2015). 

Status of cassava research and development of improved varieties in Ghana 

Cassava is a very important food security crop in Ghana although 

production is limited by pests and diseases. As a result, the majority of 

interventions are targeted at resistance breeding carried out by the Council for 

Scientific and Industrial Research (CSIR), Biotechnology and Nuclear 

Agriculture Research Institute (BNARI), the public Universities in 

collaboration with the Ministry of Food and Agriculture (Ofori, AI-Hassan, 

Afuakwa, & Noamesi 1997). 

In the 1930s, when cassava production in Ghana was threatened by the 

cassava mosaic virus disease, the government imp0I1ed different varieties from 

other West African countries, East Africa, the Caribbean and Asia (Ofori e/ al., 

1997). Genetic crosses between these imported varieties and local varieties were 

made which resulted in the introduction of four varieties, Queen, Gari, Williams 

and Ankra in 1935 (Ofori et al., 1997). These varieties were highly resistant to 

CMD and produced high yields. 
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By the 1950s, the varieties Queen, Gari and Williams showed 

susceptibility to CMD with the exception of Ankra which was still resistant and, 

thus, extensively grown throughout the country. The breakdown in resistance 

of the aforementioned three varieties resulted in the setting up of a second 

breeding programme which lasted till the mid-1960s. By the end of the 

progranune, four different genotypes (K357, K162, K680 and K491) which 

were moderately resistant to CMD and high yielding (19 tlha) were introduced 

for adoption. These genotypes displayed resistance against the CMD until the 

1970s (Ofori el at., 1997). 

A third breeding programme seeking to curb the cassava mealy bugs and 

the cassava green spider mite pests was initiated in collaboration with F AO and 

IIT A (Ofori el at., 1997). Two biological agents, a parasitoid wasp 

(Epidinocarsis topezi) and predatory insects (Diomus 5p. and two Hyperdspis 

spp) were introduced to curb the cassava mealy bugs and the cassava green 

spider mite. Apart from the introduction of these biological agents, three other 

genotypes (TMS 50395, TMS 4 1425, and TMS 30572) were introduced to 

manage the pests as well CMD (Ofori et at., 1997). 

In 1988 and 1991, the National Root & Tuber Crop Improvement Project 

(NRTCIP) and National Agricultural Research Project (NARP) was set up to 

work in collaboration with other research institutions like Crop Research 

Institute, Soil Research Institute, Savannah Agriculture Research Institute, Plant 

Genetic Resources Institute among others to improve cassava varieties. In 1996, 

three new varieties which identified as high yielding and CMD resistant were 

released. These varieties namely were "Afisiafi", "Gblemo duade" and 

"Abasafitaa" (Ofori el at., 1997). 
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Thereafter, other tolerant and/or resistant varieties have been released to 

control or manage CMD. These varieties include "Afisiafi, Abasafitaa, 

Tekbankye, Doku duade, Agbelifia, Essam balli<ye, Bankyehemaa, Capevars 

bmli<ye, Bankye botan, Eskamaye, Filindiakong, Nyerikobga, Nkabom, IF AD, 

Ampong, Broni Bankye, Sika bankye, Otuhia, CRI-Amansan Bankye, CRI

AGRA Bankye, CRI-Dudzi, CRI-Abrabopa, CRI-Duade Kpakpa and CRI

Lamesese" (Appiah, 20 IS). In 2015 the Crop Research Institute released other 

varieties which are resistant to CMD and high yielding known as "CRI

Amansan Bmli<ye, CRI-Duadzi, CRI-Abrabopa, CRI-Duade Kpakpa and CRI

Lamesese". Similarly, the University of Cape Coast released some varieties to 

control the disease which include "Broni Bankye, Bankye Botan and Cape vars 

Bankye" which have stood the test of time in relation to CMD (As are et ai., 

2014; Personal Communication with Mr Emmanuel Ogyir-Adu, Assistant farm 

manager for the School of Agriculture and Research farm, University of Cape 

Coast 12/08/2019). 

Another focus for cassava improvement has 'been to increase 

micronutrient content, especially vitamin A (Ceballos, Iglesias, Perez, & Dixon, 

2004). Breeding for yellow flesh cassava varieties with higher levels of vitamin 

A has led to the release of four varieties by the University of Cape Coast in 

partnership with BNARI- GAEC (Amernope, Asare-Bediako, Tetteh, Asare, 

Taah, & van der Puije, 2019). 

Pests and diseases of Cassava 

Insect pests and diseases are a major cause of low yields in cassava 

production accounting for 50% of losses (Uzokwe, Mlay, Masunga, Kanju, 

Odeh, Onyeka, 2016; Fermont, Van Asten, Tittonell, Van Wijk, & Giller, 2009). 
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Insect pests include cassava green mite, cassava whitefly, mealy bugs and, 

grasshopper. A number of these insect pests are the major cause of plant disease 

transmission especially viruses and bacteria (Night, Asiimwe, Gashaka, 

Nkezabahizi, Legg, Okao-Okuja, Obonyo, Nyirahorana .. . Mutumwinka, 2011; 

Yu-sheng, Hu, Fang-hao 1, & Gui-fen, 2019). Being polyphagous, these insect 

pests can feed on about nine different plant families with cassava being the most 

preferred (Uzokwe, Mlay, Masunga, Kanju, Odeh, Onyeka, 2016). 

Cassava green mite is also a major constraint to cassava production in 

Africa reducing yields by 10-80% (Chernoh, 2014). Uganda was the gateway 

for entry of the pest into Africa in 1970s, and it has become common especially 

in the major cassava producing areas (Chernoh, 2014). Control is by the use of 

clean materials for planting at the onset of the raining season (Chernoh, 2014). 

The cassava mealy bugs were first seen in Africa in 1970 and cause yield 

losses as high as 80% (F AO, 2019). The bugs are found in almost ail the African 

countries including Ghana. The sap-sucking pests cause destruction to plants by 

sholtening the internodes, distort upper shoot, curling and yellowing (F AO, 

2019). Although existing and new cassava varieties show little resistance to the 

mealy bugs (Parsa & Winotai , 2012), use of parasitic wasp (Anagyrus lopezi) 

as biological control agent has been effective in the management of the pest 

(Parsa & Winotai, 2012). 

The whitefly (Bemisia (abaci) is an important insect pest of cassava 

which feeds on several plant families transmitting about five plant viruses 

including cassava mosaic virus and cassava brown streak virus during feeding 

(Wenbo, Wosulab, Hasegawac, Casingad, Shirimab, Fiaboee ... Feia, 2019). 
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The variegated grasshopper is another important pest of cassava which 

feeds on leaves and stem of the cassava plant thus reducing the rate of sprouting 

or dieback of stems (Mansaray, Samura, Sundufu, & Massaquai, 2012). They 

are sometimes classified as polyphagous because they feed on different plant 

families like the grass and forb families (Mansaray et aI., 2012). Farmers can 

use appropriate chemicals such as "knock off' to manage the variegated 

grasshopper (Mansaray el aI. , 2012. 

Another cause of low yields in cassava is bacterial disease, the most 

common and devastating being the cassava bacterial blight (CBB) (Sedano, 

Moreno, Mathew, Leon, Fabio, Cano, Ballvora, Camilo Carrascal , 2017). A 

study by Wydra & Verdier (2002) in Ghana and other African countries 

revealed that, the disease is found in all agro-ecological zones in Africa. It is 

caused by the bacterium Xanthomonas axonopodis pv. manihoti (Xam), which 

causes yield losses in fresh roots and planting materials resulting in low 

accumulation of starch in the tubers (Fanou, Valerien, Wydra, & Erfurt, 2018). 

The bacterium is able to cause and sustain infection by surviving in planting 

materials and epiphyte crops. The progress of the disease is influenced by 

climatic factors as well as high population of grasshopper (Fanou et aI. , 2018). 

Cassava root rot is the most common fungal disease of cassava caused 

by the pathogen Fusarium spp. The disease affects the root by reducing the rate 

of nutrient synthesis and storage (N gobisa, Dj idjou, Ntsefong, Mbenoun, Zok, 

& Fontem (2015). It is prevalent in soils with high amount of moisture which 

increases the rate of rotting (Ngobisa et aI. , 2015). A study by Ngobisa et aI. , 

(2015) revealed that the disease was ranked second in terms of constraints to 

cassava production. Different fungi associated with the occurrence of the 
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disease include Botryodiplodia theobromae Colletotrichum sp. Fusarium sp. 

Pestalolia sp. Sphaerostilbe repens Trichoderma viride and Geotrichum sp. 

(Ngobisa et aI. , 2015). An infected plant shows symptoms of swollen roots with 

internal brown colour indicating rotting (Ngobisa et aI., 2015). 

Virus diseases of cassava 

The most common virus diseases of cassava in Africa are the Cassava 

Mosaic Disease (CMD) and Cassava Brown Streak Disease (CBSD) (Legg & 

Fauguet 2004; Patil et al. 2014). 

Cassava Mosaic Disease is widespread in Africa and caused by Cassava 

Mosaic Geminiviruses belonging to the family Geminiviridae; genus 

Begomovirus (Bock & Woods, 1983; Patil & Fauguet, 2009; Swanson & 

Harrison, 1994; Thresh, Otim-Nape, & Fargette, 1998). Symptoms of CMD 

include mosaic patterns on the leaves which occur early during leaf 

development. Other symptoms include distortion of leaves, curling, small sized 

leaves and stunting (CAB!, 2020). 

The second important virus disease of cassava is cassava brown streak 

disease is caused by cassava bown streak viruses which belong to the 

Poty viridae family; genus Jpomovirus (Mbanzibwa, Tian, Tugume, Mukasa, 

Tairo, Kyamanywa . . . Valkonen, 2009; Winter, Koerbler, Stein, Pietruszka, 

Paape, Butgereitt, 2010). 

Symptoms of the virus include root lesions consisting of dry necrotic 

rotten patches, brown stem lesions, and leaf yellowing (Hillocks, Raya, & 

Thresh, 1996). Unlike CMD, CBSD is widespread in the eastern and central 

palts of Africa causing yield losses as high as 70% (Patil & Fauguet, 2009; 

Hillocks, Raya, Mtunda, & Kiozia, 2001). 
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Cassava Mosaic Disease (CMD) 

Storey (1936), first proposed the viral etiology of CMD in Tanzania 

through grafting of cassava where the causative organism was confirmed. The 

structure, composition and genomic nature were demonstrated by Stanley and 

Gay (I983). In 1993, only three distinct CMG species associated with CMD 

were identified serologically, namely African cassava mosaic virus (ACMV) 

(Bock & Woods, 1983) East African mosaic virus (EACMV) (Swanson & 

Harrison, 1994), and Indian cassava mosaic virus (lCMV) (Hong, Robinson, & 

Harrison, 1993). Currently, seven more cassava mosaic geminivirus (CMG) 

species have been identified with CMD in Africa (De Bruyn, Harimalala, Zinga, 

Mabvakure, Hoareau, Ravignne ... Lefeuvre, 2016). These are, East African 

cassava mosaic Cameroon virus (EACMCV) (Fondong, Pita, Rey, de Kochko, 

Beachy, & Fauguet, 2000a), East Aji-ican cassava mosaic Malawi virus 

(EACMMV) (Zhou, Robinson, & Harrison, 1998), East African cassava mosaic 

Zanzibar Virus (EACMZV) (Maruthi, Susan, Colvin, Briddon, Simon, 2005), 

South African cassava mosaic virus (SACMV) (Berrie, Palmer, Rybicki, Rey, 

1998), East Aji-ican cassava mosaic Kenya virus (EACMKV) (Bull, Briddon, 

Sserubombwe, Ngugi, Markham, & Stanley 2006), African cassava mosaic 

Burkina Faso virus (ACMGSFV) (Tiendrebeogo, Lefeuvre, Hoareau, 

Harimalala, De Bruyn, Villemot. .. Lett, 2012) and Cassava mosaic Madagascar 

virus (CMMGV) (Harimalala et al., 2015). 

CMD was first discovered in Tanzania in 1894 (Hillocks &. Thresh 

2000). The virus was thought to be of African origin with the name 

krauselkrankheit and spread throughout the continent (Fauquet & Fargette 

1990). The infection was not severe in most countries until it caused devastating 
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losses to cassava in East Africa in the 1920s (Fauquet & Fargette 1990). The 

disease spread to other countries including Nigeria, Sierra Leone and Ghana 

(Fauquet & Fargette 1990). By 1987, the spread ofCMD was confirmed in most 

cassava producing areas (Fauquet & Fargette 1990). 

Before the year 2000, the ACMV and EACMV species were thought to 

be distinct occupying specific geographical areas on the continent. The ACMV 

for instance was believed to occur in Southern, Central and Western Africa 

while EACMV was limited to the coasts of East Africa, Madagascar, Malawi 

and Zimbabwe specifically the eastern parts of Africa (Swanson & Harrison, 

1994). Currently, ACMV and EACMV species are now widespread commonly 

occurring in the same geographical regions. For example, t~e EACMV species 

can be found in the Western and Central palis of Africa (Fondong, Pita, Rey, de 

Kochko, Beachy, & Fauquet 2000a; Pita, Fondong, Sangare, Otim-Nape, 

Ogwal, & Fauquet, 200 I a). 

In Ghana, CMD was reported in 1926 (Doku, 1966) and is one of the 

important diseases of cassava with high incidence and severity in most cassava 

growing areas (Cudjoe et aI., 2005; Lamptey, Okoli , & Frimpong-Manso 1998; 

Torkpo & Offei 2007, Torkpo, Gafni, Danquah, & Offei 2018). In Ghana, the 

Africa Cassava Mosaic Virus and East Africa Cassava Mosaic Virus are the two 

species of CMGs that have been identified (Lamptey et al. , 2012; Offei et al., 

1999). 

Spread and transmission of CMD 

CMD has spread across Africa by transmission through the whitefly 

(Bemisia tabacci (Gennadius) vector (Maruthi, Colvin, Seal, Gibson, & Cooper, 
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(2002b) and mechanically through use of infected planting materials (Alabi , 

Kumar, & Naidu, 2011). 

Besides Manihot esculenta, CMD can be transmitted between other 

plant members of the Euphorbiaceae family (Jatropha curcas, Manihot 

glaziovii and Ricinus communis) (Lister, 1959), Fabaceae family (Centrosema 

jJubescens, Glycine max, Leucaena leucocephala, Pueraria phaseoloides and 

Senna occidentallis) (CAB I, 2020) as well as Nicotiana benthamiana, N. 

clevelandii and Datura stramonium (Lister 1959; CABl, 2020). 

The use of infected planting material is one of the effective means of 

spread of CMD. In Africa and Ghana, most farmers re-use material from their 

own cassava farms or collect from other farmers' fields. Others obtain planting 

materials from outside their locality (and name the material after that locality), 

from extension officers or from non-governmental organizations (NGOs) 

(Thresh et al., 1998). This practice has led to an increase in virus inoculum even 

in regions where there is little or no vector population (Thresh et al. , 1998; 

Chikoti , Melis, & Shanahan, 2016). 

The lack of farmer awareness on the devastating effect of CMD on 

cassava yields (Chikoti et al., 2016) and unavailability of disease-free materials 

to use as a check (Thresh et aI., 1998; Szyniszewska, Chikoti, Tembo, Mulenga, 

Gilligan, van den Bosch, & McQuaid, 2021) have accounted for the spread of 

CMD across Africa and Ghana. 

For secondary transmission of CMD, the whitefly Bemisia tabaci 

(Hemiptera: Aleyrodidae) (Maruthi, Jeremiah, Mohammed, & Legg, 2017) has 

been the main vector although other whitefly species, such as B. aiel' can also 

transmit CMD (Palaniswami, Nair, Pillai, & Thankappan 1996; Fondong, Pita, 
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Rey, de Kochko, Beachy, & Fauquet, 2000a). There have been arguments 

against the transmission of CMGs by whiteflies and the percentage of CMD 

infection attributed to the vector (Dubern 1994). However, vector transmission 

studies have shown that 3% of CMD infection out of an infection level of 27% 

in cassava fields in Tanzania could be attributed to B. {abacci (Legg & Raya, 

1998). Furthermore, Maruthi, Colvin, Seal, & Thresh (2002a, 2002b) recorded 

60% to 79% of CMD infection as a result of B. (abacci transmission. 

As a polyphagous vector, B. {abacci can infect over 500 species 

including herbaceous and annuals from about 74 families (Brown, Frohlich, & 

Rosell 1995; Cossa, 20 11). The hosts of B. (abacci include cassava, pepper, 

avocado, banana, cabbage, soybean, tomato among others (Pal ani swami, & 

Henneberry, 2011). Indirectly, whiteflies are known to transmit more than 150 

plant viruses with majority belonging to the genus begomovirus (family 

geminiviridae) (Khan, Ghani, Ghaffar, & Tamkeen, 2011; Navas-Castillo, 

Fiallo-Olive, & Sanchez-Campos., 2011; Horowitz, Antignus, & Gerling, 2015; 

Smith, Seijo, Vallad, Peres, & Druffel, 2015). Thus, B. (abacci exist as a species 

complex causing extensive damage to important crops directly or indirectly. 

Biologically, certain characteristics of B. {abacci such as, high 

reproductive rate, multivoltism (multiple generations per year), ability to 

migrate long distances and broad host range (Gerling, Alomar, & Arno, 2001) 

have made control and management a challenge worldwide. According to 

Legg., French, Rogan, Okao-Okuja, Brown, (2002) and Legg, Sseruwagi, 

Boniface, Okao-Okuja, Shirima, & Bigirimana (2013), high incidence of the 

two major virus diseases of cassava (Cassava Mosaic Disease and Cassava 
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brown streak virus) 111 sub-Saharan Africa can be attributed to increase in 

whitefly population. 

Economic importance of CMD in Africa 

Whitefly-transmitted geminivirus diseases can cause substantial, and 

sometimes complete, yield losses of important food and industrial crops 

(Morales & Anderson, 200 I). According to Thresh and Cooter (2005) the effect 

of CMD on yield is dependent on the variety. Cours (1951) reported a direct 

relationship between CMD severity and vegetative growth and tuber root yield. 

Fargette, Fauquet and Thouvenel (1988) observed that the effect of CMD is 

dependent on the source of planting materials and/ or the timing of whitefly 

infection. Plants grown from CMD-infected cuttings display severe symptoms 

than plants of the same variety infected by whiteflies (Thresh et al., 1994). 

Healthy or clean materials however experience little to no damage (Fargette et 

al., 1988). 

CMG-induced symptoms range from moderate to extreme based on the 

strain of viruses, isolates, cassava cultivars and environmental factors. Cassava 

plants, which display mild symptoms, usually grow with leaves displaying 

moderate, light-green mosaic symptoms (Fauquet & Fargette, 1990; Pita et al., 

2001 a). Plants with serious symptoms exhibit excessive leaf shrinking along 

with distortion at the bottom of the leaflets. It is therefore important to consider 

the incidence, severity, prevalence, productivity and sensitivity of cassava 

varieties in order to estimate losses due to CMD (Fargette el al., 1988, Otim

Nape, Shaw, & Thresh 1994; Legg, & Fauquet 2004). 

CMD reduces cassava yields in Africa by 15 to 24 percent, equivalent 

to 12 to 13 million tons per year (Thresh el al., 1997). The extreme CMD 
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epidemic in Uganda for instance resulted in a decline in the area planted to 

cassava from 26,000 ha in 1989 to 3,000 ha in 1990 (Otim-Nape et al., 2000). 

Genome organization of Cassava Mosaic Geminiviruses 

The genome ofCMGs is bipartite, made up of DNA-A and DNA-B each 

2.7 - 2.8kb in size (Hanley-Bowdoin, Settlage Orozco, & Robertson, 1999; 

Stanley et al., 2005). Among the two, the DNA-A was sequenced first and 

encodes six genes (AV2, AVI, ACI, AC2, AC3 and AC4). The AVI which 

codes for the coat protein is important in vector transmission and also plays a 

role in genome encapsulation. 

The DNA-B has less conserved regions making it more diverse than the 

DNA-A which has more conserved region (Rybicki , 1994; Harrison & 

Robinson, 1999). The DNA-B set of genes (BV 1 nuclear shuttle protein and 

BC 1, movement protein) are responsible for intra and intercellular movement 

(Etessami, Callis, Ellwood, Stanley, 1988; Ntui, Kong, Khan, 19awa, Janvi, 

Nakamura, 2015). 

Both genomes have an intergenic region which is highly variable but 

contains the invariable nonanucleotide sequence T AA T A TTl AC which is 

required for initiation of replication by the Rep protein (Hanley-Bowdoin, 

Settlage, Orozco, Nagar, & Robertson 1999). Replication in geminiviruses 

depends on their host nuclear DNA replication machinery since . they do not 

encode their own DNA polymerases (Gutierrez, 2000). CMGs replicate their 

circular genomes in two phases; the ssDNA genome is first converted into an 

intermediate dsDNA product by cellular enzymes (Saunders, Lucy & Stanley, 

1992) before the viral Rep protein together with other cellular factors produce 

dsDNA and ssDNA viral forms through rolling circle mechanism (Stenger, 
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Revington, Stevenson, & Bisaro 1991; Heyraud, Matzeit, Kamman, Schaefer, 

Schell, & Gronenborn 1993a; Stanley, 1995). To achieve systemic infection, 

viruses must transport their genomes from an infected cell via the 

plasmodesmata to other parts of the plant, overcoming borders between nOI1-

vascular and vascular tissues (Carrington, Kasschau, Mahajan, & Schaad, 

1996). 

The role of recombination and pseudo recombination in viral pathogenicity 

There is great diversity among geminivirus genomes and for that matter 

begomoviruses due to recombination or pseudo-recombination (Preiss & Jeske 

2003, Saeed & Samad, 2017). Recombination is the sharing of genetic material 

between two nucleotide sequences (Posada & Crandall, 2001), an essential 

mechanism that affects biological evolution of species, especially viruses. 

Cassava Mosaic Geminiviruses (CMGs) provide evidence of recombination in 

their DNA-A and DNA-B genome components (Padidam, Beachy, & Fauquet 

1999; Pita, Fondong, Sangare, Kokora, & Fauquet 200 1 b) . 

.. 
For CMGs, the ACMV species demonstrates a high degree of homology 

regardless of where it is located compared to EACMV -like viruses, for which 

there is frequent recombination and considerable variation (Pita el al., 200 I a). 

Recombination between the DNA-A of ACMV and EACMV resulted in the 

formation of the hyper-virulent recombinant EACMV -Uganda, which caused 

severe CMD epidemic in Uganda (Deng, Otim-Nape, Sangare, Ogwal, Beach, 

& Fauquet, 1997; Zhou, Liu, Calvert, Munoz, Otim-Nape, Robinson, & 

Harrison 1997). Similarly, evidence for recombination was detected in the 

EACMV -Cameroon virus (EACMCV) (Fondong el al., 2000a). 
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Pseudo-recombination is the sharing of all genomic materials between 

similar isolates and separate species (Stanley & Townsend, 1986; Hou & 

Gilbertson, 1996). Evidence of this was reported by Pita et al., (200Ia) in 

Uganda where pseudo-recombination in EACMV resulted in the EACMV -UG2 

DNA-A and EACMV -UGJ. Briddon, Liu, Pinner and Markham (1998) also 

found an artificial pseudo-recombination between ACMV -Nigeria and ACMV

Kenya which resulted in the ACMV-Nigeria (DNA-A) and ACMV-Kenya 

(DNA-B) being non-infectious. However, ACMV-Kenya (DNA-A) and 

ACMV -Nigeria (DNA-B) exhibited severe mosaic symptoms on cassava with 

their progeny being transmissible by B. tabaci. Mixed infections of CMGs 

(ACMV and EACMV) have become common in farmer fields increasing the 

probability for recombination and evolution of new virulent species. 

Furthennore, the presence of satellite molecules have contributed to 

diversification and emergence of new strains that are able to overcome host 

resistance (Garcia-Arena I & McDonald, 2003). This genetic recombination 

usually occurs in the intergenic region (Tsai , Hu, Shung, Lee, Wang, Kenyon, 

2011 ). 

Detection and characterization of Cassava Mosaic Geminiviruses 

CMGs are detected and characterized using two' methods namely; 

serological and nucleic acid based methods. The nucleic acid method is based 

on characterization of nucleotide sequences in genomic DNA molecules of 

CMGs while the serological method is based on the reaction of CMGs with a 

panel of monoclonal antibodies (Hong et a!.. 1993; Stanley & Gay, 1983; Zhou 

et al., 1997; Swanson & Harrison, 1994). 
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Serological methods 

Serological studies give proof of the diversity of geminiviruses that 

infect cassava by the use of triple (T AS) and double (DAS) antibody sandwiches 

(Sequeira & Harrison, 1982; Swanson & Harrison, 1994). These tests can be 

done by using two types of antisera, either polyclonal or monoclonal. The 

polyclonal antisera contain antibodies that binds specifically to targets of 

interest, hence it can detect several viruses. Polyclonal antisera can be used to 

distinguish several pathogenic strains although sensitivity could be problematic 

(Hull , 2009). On the other hand, monoclonal antisera contain antibody that 

detects one specific virus, meaning its antibody is for only one epitope (Hull, 

2009). This method has been used extensively and effectively to distinguish 

between ACMV, EACMV and other plant viruses (Zhou et al., 1997). 

Nucleic acid-based methods 

This is by use of either RNA or DNA to diagnose viruses. Nucleic acid

based methods have been extensively used for detection of CMO's diagnosis 

(Zhou el al., J 997). 

While nucleic acid hybridization tests are feasible, the increased 

specificity and sensitivity of polymerase chain reaction (PCR) make it the 

recommended assay in several cases. Coupled with the occurrence of 

recombination in CMOs, PCR is mostly recommended (Zhou et al., 1997). 

About tIu'ee methods have been used in PCR (Zhou et al., 1997). 

One strategy is based on the use of primers based on nucleotide 

sequences that do not exist in other CMO's meaning only the target virus is 

detected (Deng et al., 1994). 
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In another method, degenerate primers based on sequences that exist in 

many CMG's are used in PCR and the viruses are characterized by the pattern 

of fragments obtained by endonuclease treatment restriction 

Heteroduplex mobility assays (HMA 's) is another useful method used 

in differentiating CMGs (BelTY & Rey, 2001). This strategy is sensitive, fast 

and can detect virus mixtures in cassava grown in the field. However, this 

technique is not commonly used for the detection of CMG's because it is 

restricted by use of a single primer pair that might not identify recombination 

oflarge DNA fragments in many genomic regions (Berry & Rey, 2001). Hence 

it may require the use of such a wide variety of reference samples to classify 

unidentified isolates more easily and in detail. 

Management of CMD 

Generally, there are three approaches to reducing losses due to CMD 

which include removal of infected crops; delaying infection (by planting late or 

early) to later stages of crop growth and reducing the extent of damage sustained 

after infection has occurred (Thresh & Cooter, 2005). According to Thresh 

(2003), CMD can be managed by implementing phytosanitary measures, use of 

disease-resistant varieties, cultural practices, vector control and mild-strain 

defense (Thresh, 2003). 

Phytosanitary Measures 

This involves improving the health status of planting material as well as 

removal of other sources of inoculum from further spread through whitefly 

vector activity. 

This involves crop hygiene; the removal of all diseased cassava plants 

or other host plants to reduce the potential transfer of pests and pathogens to 
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newly planted fields, the use ofCMD-free stem cuttings as a vegetative planting 

material and the exclusion (roguing) of diseased plants from within the field 

(Thresh & Cooter, 2005). Also, it is important to clear crop residues and other 

host plants of Cassava Mosaic Oeminiviruses (CMOs) such tree cassava 

(Manihot glaziovii), Jatropha 5pp. and others from newly planted fields 

(Sserubombwe, Briddon, Baguma, Ssemakula, Bull , Bua, Alicai, Omongo, 

Otim-Nape, & Stanley, 2008). 

Another form of phytosanitation on farms involves the removal of the 

apical portions of cassava plants known as de-topping (Pacumbaba, 1987). This 

method encourages the growth of fresh leaves which may not show virus 

symptoms due to the systemic nature of the infection (Pacumbaba, 1987). 

However, this practice helps in the build-up of whitefly population probably 

due to the presence of fresh leaves (Ariyo, Dixon, Atiri, 2003). 

Planting CMD-frcc matcrials 

Using healthy materials for planting is an effective method to control 

virus diseases. Healthy cuttings develop more readily and grow faster than 

infected ones which can translate to yield (Thresh & Cooter, 2005). The use of 

.. 

disease- free materials should be followed by sanitation to prevent or delay the 

onset of CMD (Thresh & Cooter, 2005) 

However, there are a number of challenges that must be addressed for 

this management practice to be effective. First is the easy accessibility to 

sufficient stock ofCMD-free planting materials which are affordable to farmers 

(Thresh & Cooter, 2005). Another challenge associated with the use of CMD-

free material is latency of CMD symptoms in resistant varieties especially 

during the selection of materials (Thresh & Cooter 2005). It is therefore 
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important to select cuttings from an area of the field where there is low 

incidence of CMD or stock grown in relative isolation (Thresh & Cooter 2005). 

This method has proven to produce low incidence of CMD in cassava plants 

(Otim-Nape, Bua, Thresh, Baguma, Ogwal, Ssemakula, Acola . .. Martin, 2000). 

Another approach to solving this challenge is by the selection of cuttings from 

symptomless plants and the upper portion of the stem because recovery from 

CMD starts from the upper part of the plant (Fondong, Thresh, & Fauquet, 

2000b). 

Rouging 

Rouging is one of the approved practices for managing CMD. Rouging 

involves getting rid of diseased plants in a crop stand Which can serve as a 

source of inoculum for spread of disease. This was evident in the studies carried 

out by Colvin, Otim-Nape, Holt, Omongo, Seal, Stevenson, Gibson ... Thresh 

(1999); Fondong, Thresh, and Zok, (2002), where incidence and severity of 

whitefly and CMD were higher in diseased plants than healthy plants. Weekly 

rouging of CMD-infected plants in the field for two to three months after 

planting is encouraged (Guthrie, 1990) in both cassava multiplication centres 

and faImers ' fields . Furthermore, rouging is more effective when adopted by 

many farmers in a well-planned programme. However, in fields where CMD

susceptible varieties are planted, rouging becomes difficult due to the high 

incidence of CMD (Thresh & Cooter 2005). 

Use of resistant varieties 

Management of virus diseases by use of resistant varieties has shown to 

reduce incidence and severity of begomovirus diseases in cassava (Colvin, 
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Nagaraju, Moreno-Leguizamon, Govindappa, Reddy, Padmaja .. . Muniyappa 

2012). 

Resistance breeding studies of cassava started in the 1920s through 

intraspecific crosses between cassava varieties and other species, notable 

between M esculenla x M glaziovii (Thresh & Cooter 2005). Breeding 

programmes initiated by IIT A generated a collection of genotypes termed 

Tropical Manihot Series (TMS) which was deployed to farmers in Nigeria and 

parts of Africa (Nweke, Spencer & Lynam, 2002). Some of these varieties (TMS 

303337, TMS 30395, TMS 30572 and TMS 30003) showed some resistance to 

CMD but resulted in yield losses when they were infected (Thresh & Cooter 

2005). To improve the level of resistance, IIT A embarked on another breeding 

programme using landraces from Nigeria and other African countries. These 

resistant varieties were called Tropical Manihot esculenta (TME) and exhibited 

stability to CMD infection under compromised environmental conditions 

(Thresh & Cooter 2005). The crossing of the TMS and TME lines led to the 

introduction of the resistance genes CMD 1 and CMD2 into the local varieties. 

Besides these varieties and hybrids generated through inter and intraspecific 

crosses, CMD-resistant materials were collected from farmers' fields (Thresh 

& Cooter 2005). 

Famers' knowledge on viral disease 

Management of plant viruses is a major problem to farmers due to the 

similarity in symptoms caused by viruses with soil deficiency-like symptoms 

(Schreinemachers, Balasubramaniam, Boopathi. Viet, Ha. Kenyon . . . Wu 2015). 

This makes it challenging for farmers to identify and manage virus diseases in 

the field. For example, a farmer who may have experienced symptoms of a 
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particular virus may not have knowledge when such a virus presents a different 

etiology and epidemiology (Van den Bosch, leger. , & Gilligan, 2007; Jones 

2014; Islam, 2017). 

A number of surveys have been conducted to identify and assess 

farmers' knowledge and perceptions on plant viruses and their management. 

Findings from these surveys show that majority of farmers could not correctly 

diagnose and/ or manage the disease (Adams, Lefkowitz, King, Harrach, 

Harrison, Knowles .. . 2017; Islam, 2017) resulting in misapplication of 

pesticides causing financial loss to the farmer since such infected crops are left 

unmanaged. Even those who had received some training on the same disease 

could not diagnose and manage the virus. These findings support with a similar 

study by Asare-Bediako, Wonkyi-Mensah, van der Puije, Amenorpe and Osei 

(2017) on Tomato Yellow Leaf curl Virus, where 92.6 % out of 150 farmers 

were able to identify the symptoms of the disease using pictures but could not 

diagnose the correct causative virus. 

Knowledge and access to improved crop varieties 

CMD is transmitted by whiteflies and use of infected planting materials. 

The transmission of CMD by whiteflies is known to be low and directly 

proportional to the number of whiteflies (Houngue el ai., 2019). Paramount in 

the management of CMD is the use of clean and resistant varieties. This is very 

essential since there is a close correlation between infected materials and 

incidence of CMD (Houngue el ai., 2019). A study by Gibson (2006) revealed 

that many farmers have knowledge on the names of local varieties compared to 

the resistant varieties. These names varied from locality to locality based on 

factors such as degree of disease resistance, yielding ability of the variety, its 
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origin, the name of the individual who introduced the variety to the region for 

the first time, morphological traits of the variety or growth habit, flowering 

habit, maturity period among others. 

It was widely observed that the farmers still cultivate their own varieties 

of cassava which was mainly due to scarcity of resistant materials for planting 

(Gibson, 2006). It is known that farmers who are in Farmer Base Organizations 

(FBOs) and involved in multiplying these resistant varieties distribute them to 

their members. They however do this at a fee to generate income for their 

Farmer Base Organization (Gibson, 2006). Those who could not afford, sourced 

their planting materials from their own farms or from family and friends 

(Gibson, 2006). However, most farmers prefer to plant local available varieties 

other than adopting resistant and improved varieties provided by stakeholders 

due to low adoption of improved varieties (Gibson, 2006). 

Factors influencing adoption ofImproved Crop Varieties (ICVs) 

Studies on factors that affect adoption of improved crop varieties (lCV) 

have centred on demographics or household factors, farm characteristics and 

institutional factors (Ouma & De Groote, 2011; Nmadu, Sallawu, & Omojeso, 

2015 ; Denkyirah, Okoffo, Adu, Aziz, & Ofori, 2016). 

A number of demographic characteristics influence the adoption of 

rcvs. These include age of farmer, number of years in farming, family size, 

level of education among others (Thomson, Gelson, & Elias, 2014). 

Age is a major factor that indirectly affects farmers' adoption level since 

older farmers have more experience. Kaliba, Verkuijl and Mwangi (2000) and 

FAO (2013) reported that farmers' adoption level decreases with age. This 

means that, older farmers are more risk averse, conserved and therefore prefer 
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known or local varieties. This however contradicts with Islam el al. (2012) who 

reported that experienced fanners are likely to adopt new varieties. Danso

Abbeam, Antwi Bosiako, Ehiakpor, & Nantui (2017), in a study with maize 

farmers observed that experience in farming was a major contributing factor to 

adoption of improved varieties. He revealed that farmers with less experience 

will adopt only improved crop varieties while those with more years of 

experience will continue to plant their local varieties and still adopt improved 

varieties. 

Family size is a very important factor that determines farmers adoption. 

Most agricultural technologies come with a change in how farnlers practice 

agriculture and may require more farm hands (frequent weeding, spacing, 

pesticide and fertilizer application etc). According to Danso-Abbeam et al. 

(2017), the probability of maize fanners adopting Improved Maize Varieties 

(IMVs) was 1.13, which means that anytime one individual is added to a 

household, the adoption level of the household in adopting ICV increase by 1.13 

times. In a study by Sodjinou, Glin, Nicolay, Tovignan and Hinvi (2015), it was 

seen that households with high number of people agreed to adopt the cultivation 

of organic cotton compared with households with lower number of people. 

Afolami, Obayelu, & Vaughan (2015) gathered that households that have 

technological gadget like television, mobile phones, radios, among others 

increase faImer's accessibility to information and therefore positively 

influenced adoption level. 

In terms of education, there is a positive and significant relationship 

between adoption and education. Danso-Abbeam et al. (2017), Diiro, Ker, & 

Sam (2015) and Gebresilassie & Bekele, (2015) affirmed that farmers who are 
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educated can easily process, understand and look for information on improved 

varieties which can increase their level of adoption. Again, access to seminars, 

workshops, farmers day schools among others will help farmers be aware of 

new varieties and their benefits, thus, increasing their confidence to adopt 

improved crop varieties. 

With respect to farm conditions, long distance from farmers house to 

field has been seen to be a major limiting factor influencing adoption. This is 

because, fanners may have to walk long hours carrying improved planting 

materials to their fields or spending money transporting improved planting 

materials. This according to Danso-Abbeam et at. (2017) discourages farmers 

from adopting improved crop varieties as shown by negative relationship 

between distance and level of adoption. Again, distance from farmer's 

community to where farmer can access improved varieties and other inputs also 

affects adoption level (Fisher & Carr, 2015). Returns (income and yield) from 

previous varieties also influence adoption level. Farmers who made less profits 

from growing local varieties compared to improved varieties are more likely to 

adopt new and improved varieties (Danso-Abbeam el at., 2017). 

Extension contact is very important in shaping the decision-making 

process of farmers. Farmers get first line information on improved varieties, 

their benefit and how to get access to improved varieties from extension 

services. Extension interaction helps to inform and provide answers to questions 

regarding agricultural innovation (Danso-Abbeam el at., 2017). The extension 

contact should be coupled with on-farm trials, demonstration farms and other 

hands-on activities to build farmers technical abilities and skills. These lead to 

an increase in adoption of technologies by farmers (Danso-Abbeam el at. , 
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2017). Another institutional factor is the membership to farmer-based 

organization (FBO). Stakeholders as well as extension officers are encouraged 

to help farmers' form and mange fanner-based organizations (Salifu 

Francesconi, Kolavalli , 2010; AgSSLP, 2007). A study by Mmbando and 

Baiyegunhi (2016) found a positive relationship between membership to FBO 

and level of adoption of improved maize varieties in Tanzania. This relationship 

was confirmed by Danso-Abbeam et al., (2017) in Ghana. However, Ahmed 

and Anang (2019) realized that the influence of FBO on the level of adoption 

depends on knowledge and effectiveness of the leadership of the group. If the 

leaders have enough knowledge and infonnation on the said technology and are 

able to influence their members then, this positive relationship will be achieved. 

In conclusion, many farmers do not have knowledge on the causative 

species and management of virus diseases, a number ofthem are able to identify 

symptoms of plant virus disease in the field. Therefore, this study recommends 

that breeding for resistance to virus diseases should be in collaboration with 

farmers and fanner groups or cooperatives. Furthennore, education of farmers 

on the benefits of adopting new and improved varieties through extension 

agents should be an integral PaIt of breeding programmes. 
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CHAPTER THREE 

ASSESSING FARMERS' KNOWLEDGE OF CASSAVA MOSAIC 

DISEASE (CMD), MANAGEMENT PRACTICES, SOURCES AND USE 

OF IMPROVED CASSAVA VARIETIES IN THE VOLTA REGION OF 

GHANA 

Introduction 

Cassava is one of the most economical and widely grown root crops in 

tropical and sub-tropical Africa (Ambang, Amougou, Ndongo, Nantia, Nyobe, 

Ongono, 2007). Owing to its ability to withstand harsh environmental 

conditions, it remains the most adopted staple food in the world providing 

calories to about 800 million people (EI-Sharkawy et at., 2006; F AO, 2013). 

West Africa contributes 58% of Africa's total production (FAOSTAT, 2016). 

Ghana is Africa's third-largest producer of cassava and has a global 

share of 6.3% (MoFA, 2009; Shipman, 2017; Nsiah-Frimpong et at., 2021). 

According to MoF A, (2009), the per capita consumption of cassava for Ghana 

is 152.9 kg per year (Shipman, 2017; MoF A, 2009). Cassava contributes 46% 

to Ghanas' agricultural GDP (Nag, 2017). It has been identified as 'food for the 

poor because of its in-ground storage capacity and flexibility that allows flexible 

harvesting to ensure all-year-round food supply (FAO, 2013; Sanginga & 

Mbabu, 2015;Torkpo et at., 2017). Domestic production grew from 15,989,940 

to 19,137,94 metric tons in 2017 attributable to the flagship program (Planting 

for food and Jobs) of the Government of Ghana (MoFA, 2017; Nsiah Frimpong 

et at., 2021). Despite its potential, the productivity of cassava is still below the 

optimum level in African smallholder farming systems (Elegba, Appiah, Azu, 
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Afful, Agbemavor, Agyei-Amponsah ... Danso, 2013; Nsiah Frimpong e/ al., 

2021 ). 

In Ghana, Cassava mosaic virus disease is one of the main reasons for 

the low productivity of cassava (Moses, Oppong, & Lamptey, 2015; Nsiah 

Frimpong el al., 2021). This is done to the increased cross-border trade, the 

movement of people from one country to another and the exchange of planting 

materials among farmers and countries resulting from regional integration 

(Echodu, Edema, Wokorach, Zawedde, Otim, Luambano ... Asiimwe 2019). 

With the rising pest-and disease-related losses, the acceptance of 

improved crop varieties and proper management practices in Ghana have not 

been inspiring, presumably, because farmers have little to or no access to quality 

and improved crop varieties and little awareness of pests and diseases as well 

as relevant management practices. This accession has been confimled in studies 

by Akyeampong (2009), Cudjoe, Gyamenah and Braima (2005) and Manu

Aduening, Lamboll , Mensah & Gibson (2007). 

Falmers' knowledge is described as the body of knowledge established 

by farmers through interaction between indigenous and scientific knowledge, 

and for which they continually adjust their knowledge based on changes in 

environmental, socio-cultural and political conditions (van Mele, 2000). This 

knowledge can either increase or decrease plant disease incidence. For example, 

losses in Faba beans due to chocolate spot disease reached 100% as a result of 

farmers ascribing their causes to increased soil humidity (Kiros Meles & Abang, 

2008). This means that human survival is partly dependent on farmers' 

awareness of crop diseases (Bentley & Thiele, 1999). 
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The epidemiology of a disease in an area is partly influenced by 

perception and knowledge of farmers (Sherwood 1997). It is an area where 

farmers, extensionists and researchers can reap tremendous benefits from closer 

cooperation through exchange of knowledge (Sherwood, 1997; Meles-Kiros & 

Abang, 2008). Perceptions and knowledge of farmers will inform researchers 

about farmers' attitude in the management of plant disease (Sherwood, 1997). 

As shown by Bentley and Thiele (1999), scientists often have to contact 

farmers to find out about their knowledge of certain diseases to promote further 

partnership between farmers and scientists in the effecti~e management of 

diseases. This partnership also helps in the integration of traditional and 

scientific information systems that support farmers and scientists in developing 

effective disease management practices (van Mele, 2000). Morse and Buhler 

(1997) reiterated the point that the synthesis of scientific and traditional 

knowledge is important to achieving sustainable agriculture and for that matter 

pest management. 

Beyond synthesis of the two types of knowledge in the implementation 

of new management strategies or technologies, another critical issue is adoption 

(Bentley & Thiele, 1999; van Mele, 2000). Adoption of a new technology by 

farmers is usually driven by a combination of many factors (Bentley & Thiele, 

1999; van Mele, 2000). Adoption plays a crucial role in the socio-economic 

aspect of plant disease management (Bentley & Thiele, 1999; van Mele, 2000). 

The critical issues are the attitudes, perceptions and awareness offarmers about the 

latest technologies (Bentley & Thiele, 1999; van Mele, 2000). There have been 

variations in choices of attribute depending on the farmer's economic position, 
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geographical area and his / her agricultural objective (Bentley & Thiele, 1999; van 

Mele, 2000). 

A number of management strategies including release of resistant and 

improved varieties have been put in place to limit spread of CMD but these 

improved cassava varieties are mostly poorly adopted, farmers have not shifted 

and continue to use existing local planting materials vulnerable to pests and 

diseases (Salum, 2016). According Salum, (2016), only about 2% out of 

500,000 farmers in Zanzibar adopted improved varieties for the management of 

CMD. Low adoption of technologies is one reason why new technologies have 

weak impacts (Michelles, 2005). 

In managing plant diseases, it IS vital to assess the awareness, 

perceptions and management practices of farmers, which are useful for 

developing research goals, finding disparities between the knowledge of 

farmers and scientists in order to plan strategies and other communication 

avenues to bridge information gap between the mentioned stakeholders (van 

Mele, 2000). Knowing the knowledge gaps among farmers is an essential step 

in the process of developing a pest management programme (van Mele, 2000). 

In this study, we assessed fall11ers' knowledge ofCMD and management 

practices in six key cassava-growing districts in the Volta Region of Ghana. In 

addition, we assessed farmers' knowledge on the sources and use of improved 

varieties to manage or control CMD in Ghana. Although farmers had some 

knowledge on CMD, they did not implement management practices on their 

fields to control CMD. 
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Materials and methods 

Study areas 

The research was carried out in six key cassava growing districts in the 

Volta Region of Ghana. The districts are Akatsi South, Addaklu District (coastal 

savannah), Bohoe Municipality, Afadjato South Municipality (forest zone), 

Krachi East and Krachi Nchumuru districts (guinea savannah). These districts 

were selected because they have the characteristics of majority of most of the 

major agro ecological zones in Ghana (coastal savannah, forest zone and the 

guinea savannah). 

Description of study districts 

Akatsi South District 

Akatsi South District was created from the old Akatsi District and has a 

population of 93 ,477 people (MoFA, 2020). It lies between latitude 6° S - 7° N 

and 0° W - 1 ° E, in the south-eastern part of the Volta Region. The district is 

surrounded by the Keta, Ketu East, South Tongu and Adaklu-Anyigbe Districts. 

It has a rural economy with agriculture accounting for about 75 .5%, commerce 

services and industry accounting for 18.35%, 3.5 % and 2.7% respectively 

(MoFA, 2020). In the district, crop production is primarily at the subsistence 

level with cassava, maize, sweet potatoes, cowpea, pepper, tomato, garden eggs, 

okra, groundnut and tobacco being the common crops grown. There are a 

number of projects that have been introduced by the government and NGOs to 

boost the production of cassava. Such programmes include Export Marketing 

and Quality Awareness Project (EMQAP), Root and Tuber Improvement and 

Marketing Programme (RTIMP) and West Africa Agrictlitural Productivity 

Programme (W AAPP) (MoF A, 2020). 
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Figure 3.1: Map of the Volta Region of Ghana indicating the study areas 

Adaklu District 

Adaklu is a new created district with its mother district being Adaklu

Anyigbe. It lies between latitude 6° - 161 and latitude 6° - 371 North of the 

Equator and longitude 0° - 241 and 0° - 501 East of the Greenwich meridian. It 

has both coastal and transitional ecology (MoF A, 2020). Throughout the year, 

temperatures are high with mean monthly temperatures varying from 22°C to 

32°C. Average temperatures during the dry season are so high that the planting 

of food crops are kept at a minimum (MoF A, 2020). The district's mean annual 

rainfall is about 850 mm-1000 mm with the peak in June and the lowest in 

December and increasing from the coastal to the transitional part. Agricultural 

production in the district is dominated by production of crops and livestock 
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(MoF A, 2020). The key crops produced in the district include maize, cassava, 

sweet potatoes, yam, cowpea, groundnuts, exotic and local vegetables such as 

tomato pepper, garden eggs, okro, and melons (MoF A, 2020). Maize and 

cassava are the main commodities grown in the district by majority of the 

fanners to feed the locals (MoF A, 2020). Some of the communities involved in 

cassava production are Kpeleho Aziedukope Hlihave Torda Sofa Ahunda , , , " , 

Ablonu, Akwete, Kpetoe (MoF A, 2020). 

Hohoe and Afadzato South 

These two districts are located in the central part of the Volta Region. 

They are situated between 0° - IS'E and 0° - 4S'E and 6° - 4S'N and 7° - IS'N 

latitudes, covering a land area of 1,172 square kilometers (117, 200 ha). Rice, 

maize, and cassava are the preferred crops for cultivation. Both districts have 

four major soil types that display characteristics of both savannah and forest 

zones, which facilitate the cultivation of crops such as cocoa, coffee, oil palm 

among others. It has a bimodal rainfall cycle with annual rainfall ranging from 

1100 mm to IS00 mm. Heavy rainfall begins from April to July, while the minor 

season starts from September to November (MoF A, 2020). Some communities 

involved in the production of cassava include Santrokofi, Have, Loba, Obi 

Woebe, Ooviefe kowu, Fodome, Fodome Ve, Alavanyo, Nyagbo, Tafi, and 

Akpafu (MoF A, 2020). Cassava production for the two districts is around 

7S 000 metric tons . There are a number of programmes to support cassava , 

production this includes the Root and Tuber Improvement and Marketing 

Programme (RTIMP) and West Africa Agricultural Productivity Programme 

(W AAPP) (MoF A, 2020). Cassava is used for starch, gari, tapioca and biscuits 

(MoF A, 2020). 
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Krachi-Nchumuro 

The municipal was carved out of the old Krachi West. It lies between 

Latitude 70 0 _4 0 Nand 80 0-25 0 N and longitude 25 0 Wand 20 °E of the Volta 

Region of Ghana (Ghana districts, 2009). It is one of the most important 

marketing hubs for agricultural products in the Volta Region as well as in Ghana 

and a major producer of crops such as yam cassava maize rice sorghum , , " , 

soybean and vegetables (MoF A, 2020). It occupies a land area of 2969 square 

kilometers. The mean maximum temperature is 30°C which is recorded in 

March, while the mean minimum temperature is 25.5 °c recorded during the 

rainy season in August (MoF A, 2020. The annual rainfall indicates 

incoherencies ranging from 1,735,20 mm to 970,50 mm (MoFA, 2020). The 

district produces approximately 174,000 tons of cassava per annum with the 

potential to increase to 800,000 metric tons within one year (MoF A, 2020). 

Cassava in the district is usually processed into starch, gari, tapioca, animal feed 

and for domestic purposes (MoFA, 2020). Programmes like the Root and Tuber 

Improvement and Marketing Programme (RTlMP) and West Africa 

Agricultural Productivity Programme (W AAPP) have been introduced to 

improve cassava production (MoF A, 2020). 

Sample size and sampling techniques 

A total of 180 cassava farmers were selected from the six districts for 

the study using different sampling procedures such as multistage random 

sampling, purposive sampling and convenience sampling to select the 

respondents. These sampling methods were selected taking into consideration 

factors such as time, cost and degree of accuracy. The multistage random 

sampling was used to select the districts in Volta Region, communities within 

39 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



the districts and households within the communities. Six districts were 

randomly selected from several cassava-producing districts in the Volta Region 

during the first level. [n the second level, 18 cassava-producing communities (3 

from each of the six districts) were purposively selected. Ten cassava-growing 

households from each community were chosen by convenience (Danso

Abbeam el ai., 2017). 

Data collection 

Pretesting of the questionnaires and the interview schedules were done 

in Ohawu township in the Ketu North District since it has characteristics similar 

to the study areas. Due to the language barrier, an interpreter was sought to assist 

in the data collection. Data on fanners' awareness and knowledge on CMD, 

management practices, use of improved varieties and sources of planting 

materials were obtained by the use of questionnaires and interview schedules. 

Cards bearing pictures of plants showing typical CMD symptoms were shown 

to farmers to aid disease identification. Before showing these cards, farmers 

were asked questions to gauge their knowledge of CMD. Demographic data 

were collected for all the respondents. 
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Table 3.1: Agro-ecological zones, districts and communities for the study 
Agro-ecological Districts Communities 

zones 

Coastal savannah Akatsi South 

Adaklu 

Forest Hohoe 

Afadzato South 

Guinea savannah Krachi east 

Krachi Nchumuru 

Data analysis 

Gefia 

Abedrafor, 

Atidzive 

Kpeleho 

Aziedukope 

Hlihave 

Santrokofi 

Fodome 

Gbi-Woebe 

Have Ando 

Goviefe kowu 

Logba 

Kparikpari 

Anyanbor 

Yariga 

Chinderi 

Lumbusu 

Boreae 

Data were analysed with statistical packages for social sciences (SPSS), 

version 16 and Microsoft Office Excel, version 2010. Socio-economic 

characteristics were defined using descriptive statistics such as percentage, 

frequency, distribution tables, chi-square, among others. 
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Results 

Demogl'aphic characteristics of cassava farmers 

Table 3.2 sunm1arizes the socioeconomic characteristics of cassava 

farmers in the study communities. From the results, 128 respondents (71.1 %) 

were male and 52 respondents (28 .9 %) were female . 

A majority (60%) of farmers interviewed were old (between the ages 

50-69) with only 17 respondents (9.4%) between the ages 000 - 39. Farmers 

between the ages of 40 - 49 constituted 30.6% of respondents. Of the total 

number of farmers interviewed, 47.2% had non-formal education with 52.8% 

having some level of formal education. Out of the 47.2% that had non-formal 

education, 96.5% representing 82 respondents had literacy training with 3.5% 

representing three farmers having numeracy training. Interestingly, a majority 

(58.3%) of respondents with formal education were primary school graduates 

while only 4.2% of the respondent had tertiary education. About 26.3% of 

farmers had Junior Higb School Certificate or Middle School Certificate and 

11 .5% had Senior High School Certificate. 

Table 3.2: Demographic characteristics of cassava farmers 
Variable Frequency Percentage 

a) Sex of the respondent 
Male 
Female 
Total 

b) Age of respondent (years) 
30-39 
40-49 
50-59 
60-69 
Total 

c) Education Level 

Non formal education 
Formal 
Total 

42 

128 
52 
180 

17 
55 
80 
28 
180 

85 
95 
180 

71.1 
28.9 
100 

7.4 
30.6 
44.4 
15.6 
100 

47.2 
52.8 
100 
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Table 3.2 continued 

d) Non formal education 
Artisanal 82 96.5 
Numcracy 0 0 
Litet'acy 3 3.5 
Total 85 100 

e) Formal education 
Primary 55 58 .3 
JHSIMLCS 25 26.3 
SSS 11 11.5 
Tertiary 4 4.2 
Total 95 100 

Farm characteristics and access to extension services 

The number of years farmers have been engaged in cassava production 

(Table 3.3, see Appendix Bi), ranged from 1- 5 years (16.7%), 6 -10 years 

(36.1%), 11-15 years (21.7%) and 16-20 years (\5%). Only 19 (10.5%) 

respondents have been engaged in cassava production for more than 20 years. 

In the area of land use (Table 3.3, see Appendix Bi), 32.8% of farmers 

interviewed had land sizes ranging from 1-2.9 acres. About \ 09 respondents 

representing 60.5% had land sizes between 3.0-4.9 acres and 6.8% having land 

sizes that were above 5 acres. 

In this study, we found out that none of the respondents planted only 

improved varieties (Table 3.3, see Appendix Bi). Majority of the farmers 

(77.2%) planted local varieties, while 22.8% of farmers planted both local and 

improved varieties. Some of the local varieties planted were limited to specific 

areas while others were planted in more than one district or across the entire six 

districts. 

A crosstab between the districts and the local varieties planted revealed 

that 38 farmers (21 %) planted the variety "Ho", followed by "Saboba" (19.4%) 

planted at the two Northern districts of the Volta Region and "Grace" (15%), 
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which is grown in the middle and the coastal savalmah districts but not the two 

northern districts. 

Furthermore, 14 (7.8%) of the respondents grew "Dogbo and Gabon" in 

the two coastal savannah and forest zones respectively. Eleven respondents 

(6.1%) planted "Awarante" only in the two northern districts. Only 7 (3.9%), 6 

(3 .3%),3 (1.7%) and 3 (1.7%) of the respondent planted "Hushiga" "Mafi" 

Abibiagi and Gbedevi respectively in only Adaklu whereas 5 (2.8%) planted 

Dekpo in only Akatsi south. About 17 (9.4%) respondents from the two Coastal 

Savannah districts grew "Hushivi". 

In Ghana, cassava is cultivated as a monocrop or intercropped with 

maize or legumes such as cowpea (Ennin, Asafu-Agyei, Dapaah, & Ekyem, 

200 I; Elmin, Clegg, & Francis, 2002). In this study, the majority of farmers 

(56.7%) intercrop cassava compared to 43 .3% of farmers that plant cassava as 

a monocrop (Table 3.3, see Appendix Bi). Out of the 102 farmers, 63.7% 

intercropped cassava with maize. 13.7% with either cowpea or groundnut and 

8.8% with vegetables. 

There are different purposes for which farmers' plant cassava (Table 3.3 

Appendix B). From the results, most of the respondents (145) cultivate cassava 

for the production of different products (Gari, dough, fufu etc.). Only 32 farmers 

cultivate cassava solely for use as gari . 

A cross-tabulation indicates the majority of these farmers are from the 

Akatsi South and the Adaklu Districts. Very few (3) farmers in Akatsi South 

indicated dough was the only reason they cultivate cassava. 

The majority of farmers (51.7%) do not have access to extension 

services with about 45.6% sometimes having access to extension services 
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(Figure 3.2a). Similarly, the majority of farmers (92.8%) do not belong to a 

farmer-based organisation (FBO). Only 7.2% of farmers are members of an 

FBO (Figure. 3.2b) 

Table 3.3: Crosstab between districts and the LV l!lanted 
Districts 

Akatsi Afadjato Krachi 
South Adaklu Hohoe South East Nchumuru Total 

Abibiagi 0 3 0 0 0 0 3 
Awarante 0 0 0 0 3 8 II 
Dekpor 5 0 0 0 0 0 5 
Dogbo 3 4 9 7 0 0 14 
Gabon 0 0 0 5 0 0 14 

Local 
varieties Gbedevi 

0 3 12 0 0 0 3 

Grace 4 2 9 9 0 0 27 

Ho 4 2 9 9 7 7 38 

Hushiga 0 7 0 0 0 0 7 

Hushivi 14 3 0 0 0 0 17 

Mati 0 6 0 0 0 0 6 

Saboba 0 0 0 0 20 15 35 

Total 30 30 30 30 30 30 180 

7..20% 

Yes 
• Yes 

lI iNo 
iNo 

Som etimes 

Figure 3.2a Access to extension service Figure 3.2b Member ofFBO 
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Farmers knowledge of eMD 

The awareness and knowledge of farmers with regards to the existence, 

cause, symptom identification and growth stages at which Cassava Mosaic 

Disease occurs are presented in Table 3.5. 

All 180 farmers surveyed had knowledge or had experienced CMD on 

their farms . Farmers were very aware of the existence of the disease and were 

able to identify and mention the symptoms as presented in Fig 3.2 (see 

Appendix Bii). Majority of farmers (177) associated mosaic patterns on the 

leaves of cassava plants to CMD followed by yellowing of leaves (166), curling 

(151) and stunted growth (99). Although rotting of storage roots is not a known 

symptom of CMD; about 66 respondents mentioned it as a symptom they 

experienced in addition to CMD. About 44 farmers attributed the presence of 

whiteflies as a symptom of CMD with only a few farmers attributing necrosis 

(25) and shedding ofleaves (9) to CMD (Figure 3.3). 

Mosaic 

. YellGWing 

Curling 

Rotten tubers 

II Whitefly 

• Sheddil\g of leaves 

• Necrosis 

• Stunting 

Figure 3.3. Symptoms mentioned by respondents as CMD ****Multiple 

response 
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However, only 51 (28.3%) respondents indicated awareness aware of 

the causes ofCMD with 129 (71.7%) not aware (Table 3.5). Of the number of 

farmers who indicated awareness aware of the causes of CMD, 47% (24) 

attributed the cause to climatic conditions (drought, high temperatures among 

others). About 14 (27.5%) and II (21.6%) linked CMD to challenges in soil 

fertility and whiteflies respectively. Only two (3 .9%) of the respondents 

attributed CMD to the spraying ofweedicide. 

On the mode ofCMD transmission, most of the respondents (64.4%) did 

not know the mode of transmission. Approximately 19.4% and 11.1 % stated 

that transmission is by wind and infected soil. Interestingly, only 5.1 % of 

respondents listed planting material/whiteflies as the mode of transmission 

(Table 3.5). 

The most popular local names for CMD in the districts surveyed were 

"Zongolachichi"(Eczema because of the whitefly), "Ayifle", "Kwata" (leprosy) 

and the least popular "Kokobi". 

From the responses, 48.3% of farmers observe CMD symptoms during 

the major season with 41.7% observing symptoms in both minor and major 

seasons. Only 10% of farmers observe CMD symptoms in only the minor 

season. Furthermore, 130 farmers representing 72.2% first observed the 

symptoms of the disease within the first 3 months of growth compared to 50 

farmers (27.8%) observing symptoms within 4 - 6 months after planting. 
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Table 3.4: Farmers knowledge on CMD 
Variable 

Do you know the cause of CMD? 
Freq uency (I) Pe.·centage (%) 

Yes 
51 28.3 

No 
129 71.7 

Total 180 100 
What is the cause 

Whiteflies I I 21.6 
Soil-borne 14 27.5 
Spraying of weedicide 2 3.9 
Climate 24 47 
Total 51 100 
Mode of transmission 

No idea 116 64.4 
Wind 35 19.4 
Whiteflies 9 5. I 
Planting material 0 0 
Infected soil 20 II. I 
Total 180 100 
Do you know the name? 

Yes 119 66.1 
No 61 33 .9 
Total 180 100 

Name ofCMD in respondents 

communities 

Ayifle 21 17.6 

Dayo 4 3.4 

Kwafo 8 6.7 

Kwata 20 16.8 

Mosaic 7 5.9 

Nsoson 9 7.6 

Zongolachichi 31 26 

Kokobi 2 1.7 

Kwatari 3 2.5 

Edzekpo 14 11.8 

Total 119 100 

What season do you see CMD 

Minor 18 10 

Major 87 48.3 

Both 75 41.7 

At what growth stage/Month do 

you encounter the disease? 

<1-3MAP 130 72.2 

>3-6MAP 50 27.8 

7-9MAP 0 0 

Others 0 0 

Total 180 100 
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Management of CMD by farmers 

From the study, we observed that a greater number (134) of farmers 

representing 74.4% did not control CMD while only 46 (25.6%) did apply some 

control measures (Figure. 3.4). The reasons given by farmers for not applying 

measures to control CMD are that, they did not have ai1Y idea of control 

measures and the ability of infected plants to recover, a phenomenon known as 

recovery (FargeUe, Jeger, Fauquet, Fishpool, 1994) (Figure. 3.5). A crosstab 

between education level and management of CMD revealed that most farmers 

with non-formal or formal education do not apply control measures on their 

farms to manage CMD (Table 3.7 see Appendix Biv). Table 3.8 (see Appendix 

Bv) however revealed that the 36 farmers who did control CMD were made up 

of, 15 farmers with primary qualification, 9 respondents with JI-IS/MLSC, 8 

farmers with SI-IS and 4 respondents with tertiary education. 

Management of CMD included the application of pesticides, rouging 

and de-topping (Figure 3.6). A crosstab between management practices and 

their effectiveness indicates that the majority of farmers believe rouging is an 

effective approach to manage CMD while the opposite is true for the use of 

pesticide and de-toping (Table 3.9 see Appendix Bvi). 
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Respondent s 
who contro l 

Respondents 
who do not 
control 

Figure 3.4. Number of respondents who control CMD 

IS P-est ic;de 

• Roueing 

• Detopping 

Figure 3.6: Management ofCMD 

50 

Rocovers 

No Idea 
controling 

Figure 3.5. Reasons fanners do not control 

Figure 3.7: Success of Management 

_ Yes 

.. No 
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Farmers' awareness ofImproved Varieties (ICVs) 

Most fanners (69.4%) were aware of the availability of improved 

varieties (Table 3.10). Chi-square analysis shows a significant (p < 0.05) 

number of farmers who were aware of the rcvs. These farmers had formal 

education compared to 52 farmers who had non-formal education (Table 3.11). 

However, 30.6% of respondents were not aware of improved cassava varieties 

(ICV). The most mentioned rcvs were "Sika" (36.7%), "Ampong" (34.4%) and 

"Ankrah" (27.2%). Others mentioned include "Afisiafi" (10.6%), "Bosom esia" 

(10%), "Abasafita" (3.3%) AGRA (0.6%) and "Abrabopa" (0.6%). However, 

about 4.4% of fanners did not know any of the rcvs although they were aware 

of its availability from friends. Of the 125 respondents who were aware of rcvs, 

34.4% had not planted any of the rcvs before giving reasons such as woody 

storage roots, unpalatability, have little information about rcvs, difficulty to 

access planting materials and low demand for these varieties. About 65.6% of 

farmers have planted rcvs before and the highest cultivated rcvs were 

"Ampong" (17.8%), "Sika" (13 .3%), "Ankrah" (11.7%), "Afisiafi" (8 .9%), 

"Bosomensia" (5%) and "Abasafita" (2.2%). Also 95.1 % of those who had 

planted these varieties did experience CMD symptoms with only 4.9% not 

experiencing CMD symptoms. Currently not all the respondents still plant rcvs 

on their farms (Table 3.10; Figure 3.8). Chi-square analysis of the yield of 

improved cassava varieties and whether farmers still plant these improved 

varieties was significant (p < 0.05) (Table 3.12). 

From Figure 3.9 it can be seen that majority of farmers who plant ICVs 

face challenges like to access planting materials (PM), cost of transporting 
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planting materials to farms, the incidence of CMD, woody/colour issues, less 

demand and access to extension services. 

Table 3.5: Respondents awareness of improved varieties 
Aware of improved varieties Frequency (f) 
Yes 125 
No 55 
Total 180 
Mention them if yes (*** Multiple responses) 
Abasafita 
Afisiafi 
Ampong 
Bosomensia 
Ankrah 
Sika 
AGRA 
Abrabopa 
None 
Have you planted any before 
Yes 
No 
Total 
Why haven't you planted before *Multiple 
responses 
Woody 
Less info about them 
Difficult accessing 
Not demanded 
Which have you planted ***Multiple responses 
Abasafita 
Afisiafi 
Ampong 
Bosomensia 
Ankrah 

S~a d? 
Any CMD symptoms when plante . 

Yes 
No 
Total 
Did you record high yield 

Yes 
No 
A bit higher than IV 
Not sure 
Total 
Do you still plant IV 
Yes 
No 
Total 

52 

6 
19 
62 
18 
49 
66 
I 
I 
8 

82 
43 
125 

7 
37 
39 
15 

4 
16 
32 
9 

21 
24 

78 
4 
82 

14 
15 
31 
22 
82 

45 
37 
82 

Percent (%) 
69.4 
30.6 
100 

3.3 
10.6 
34.4 

10 
27.2 
36.7 
0.6 
0.6 
4.4 

65.6 
34.4 
100 

3.9 
20.6 
21.7 
8.3 

2.2 
8.9 
17.8 

5 
11.7 
13.3 

95.1 
4.9 
100 

17.1 
18.3 
37.8 
26.8 
100 

54.9 
45.1 
100 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Table 3. 6: Chi-square analysis of farmer awareness of improved varieties 
and the highest education level attained. 

Aware of 
improved varieties 
Yes 
No 
Total 

Highest 
education 

Non-formal 

52 
32 
84 

Formal 

73 
23 
96 

Df - degrees of freedom; Asym. Sig= p value 

Chi-square Asym. 
Total value Df sig 

125 4.219a 1 0.04 
55 
180 

Table 3.7: Chi-square analysis of yield of improved cassava varieties and 
whether farmers still plant improved varieties 

Did you record a high 
yield 
Yes 
No 
A bit higher than ICVs 
Not sure 
Total 

Do you still 
plant it 

Yes 

14 
0 

30 
1 

45 

Chi-
No Total squre 

74.237a 

0 14 
15 15 
1 31 

21 22 
37 82 

• \ Vood'l tube r~ 

• .r . ... tabffity is sue.!: 

., t Jot sure o f 'j" :e!d and 
,!;seast 

• C.o':OUf rlS!;Ut S 

• .. at demanded 

Asympt. 
Df Sig 

3 0.000 

Figure 3.B. Reasons cassava fanners have stopped planting ICVs 
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• Acc1! ss:b -':tv to IV PM 

L1!55 dem and aft1!r 
production 

WoodvjCo:our issues 

eM 0 .sym ptom s 

H-gh transport cost 

acc'ess~ng 'ill PM 

. 'Acc,ess to -extension 
,serv;ce 

Figure 3.9: Constraints of farmers who still plant ICVs 

Source and Selection of Planting Materials 

The present study revealed that farmers source their planting materials 

from three sources, which include their farms, family and friends and the 

Ministry of Food and Agriculture (Figure 3_10). Farmers in the study areas 

consider many factors such as early yielding, appearance and healthy-looking 

Figure 3.10: Farmers sources of planting materials (Multiple responses) 
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PM, high yielding, availability, demand, multipurpose, taste and ability to stay 

in the soil for long periods in deciding which varieties to cultivate (Figure 3.11 

see Appendix Bi). 

Interestingly, majority (137) representing 76.1% of farmers did not 

consider CMD in the selection of planting material with only 43 (23.9%) 

considering. Out ofthe 137, 100 (72.9%) of then do not consider CMD during 

selection due to a shortage Of planting materials or recovery of diseased plants 
! , 

(21.1 %) or drought and soilborne (3% each). Only 23.8% of farmers select 

symptom-free cuttings in order to obtain high yields (Table 3.13 See appendix 

B vii). 

Ear¥ yie~d ; ng 

Appearance/ hea~thy 

~ook:ng 

• H;gh yle<d' ng 

. Demand 

• Mu it:-purpose 

" Taste 

Stay ~n the .soJI for !ong 
pe n~d 

Figure 3.11: Factors respondents consider in selecting varieties 
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Discussion 

Socio-economic and fa h . . , , rm c aractenshcs of respondents 

Male farmers as revealed in this study dominate cassava production in 

Ghana. This probably is due to the high demand for labour and energy required 

in cassava production particularly by small-scale farmers due to low 

implementation of mechanisation. This observation confirms an earlier report 

by Nweke, Dunstan, Spencer, & Lynam (2001) which shows that females 

provide less than half of the entire labour input in cassava production. In 

contrast, reports by Oyegbami, Oboh, & Omueti (2010) and Thompson (2013) 

show that a greater percentage of women are involved in cassava production. 

This observation could be due to higher numbers of women involved in the 

downstream activities of the cassava value chain such as processing, storage 

and sale of products (Nweke et aI. , 2001; IFAD. 2012; Onyemauwa, 2012). 

The majority of cassava farmers are middle-aged (around 40 - 59 years) 

which suggests that fewer young people engage in cassava production. Low 

yields and the energy-demanding nature of cassava production might account 

for the low number of young people engaged in cassava production in the study 

areas (Ogundari & Ojo, 2006). Nonetheless, Akorade (2004) reported that it 

takes around 7 -12 years for farmers to acquire adequate knowledge on how to 

improve cassava production. 

Formal education is important in the adoption of improved crop varieties 

or technology. The inability offarmers to read and write can hinder the adoption 

of improved cassava varieties (Nwabueze & Odunsi , 2007). In this study, 

majority of farmers had formal education mostly at primary level with low 

numbers from the tel1iary while quite a number of the respondents had no fonnal 
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education. This might h . 
ave negatively affected cassava production in the study 

areas due to the low d t' f' a op Ion 0 Improved cassava varieties with higher yields 

and resistance to CMD A I I I' . . ow eve of educatIOn among farmers can result 111 

the persistent use of conventional farming practices that lower cassava 

productivity (Anyanwu, Kalio, Manilla, & Ojumba, 2012). 

The majority of farmers interviewed planted old or traditional varieties 

with a few cUltivating both old and improved varieties. A number of improved 

varieties that are planted in the districts surveyed include Afisiafi Ankrah , , 

Abasafita, Sika and Ampong (Table 3.3). The most planted ICV were Ankrah, 

Sika and Ampong. Ankrah is one of the first lCV released in Ghana to control 

CMD (Ofori, et aI., 1997), thus it is widely known and cultivated. The 

introduction of the West Africa Agricultural Productivity Programme 

(W AAPP) in Ghana in 2007 led to the promotion of the varieties Sika and 

Ampong in the Volta Region Region (MoF A, 2020). Several factors such as 

level of education and age influence the adoption of new and improved cassava 

varieties (Abbeam-Danso et al., 2017; Muhammad-Lawai, SalmI, & Ajayi, 

2012). Furthermore, lack or scarcity of planting materials of improved varieties 

can lead to low adoption (Gibson, 2006). 

The majority of cassava farmers interviewed intercropped cassava with 

maize since it is a key cereal providing a staple diet for many households in sub-

Saharan Africa (Undie, Uwah, & Attoe, 2012). In addition, farmers lin the 

present study cultivated cassava for domestic use and other purposes (e.g. 

processing). Farmers in Ghana and across Africa prefer the cultivation of 

cassava varieties that can be processed into different products besides food 

(Acheampong, Owusu, & Gyiele 2013; Bentley, Olanrewaju, Madu, 
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Olaosebikan Abd I W 
' ou aye, ossen ... Tokula, 2017; Nakabonge, Samukoya, & 

Baguma, 2018). 

Farmer Based Organizations (FBOs) are pivotal to sustaining agriculture 

productivity because they improve access to markets, facilitate extension 

services to farmers d' t ·' b t' of ~ . . , IS 1I U Ion 0 lann mputs and empower their members to 

contribute to policies that affect their livelihood (Swanson & Rajalahti 2010, 

Salifu, Funk, Keefe, & Kolavalli , 2012). 

In the present stlldy, the majority offarmers do not receive any extension 

services and are not members FBOs, a situation that, results in a lack of cohesion 

among farmers/FBOs (Bam poe, 2015). The absence of or a low number of 

active FBOs in the surveyed districts could be due to lack of funding support or 

absence of agricultural productivity programmes. The implementation of the 

W AAPP programme in Ghana resulted in the formation of a number of FBOs 

(Bampoe, 2015). However, farmers in the study area attested that after the 

W AAPP programme, resources are not enough to keep and sustain the groups. 

Thus, funding to support the activities of FBOs and training of Agricultural 

Extension Agents (AEAs) is needed to improve agronomic practices 

implemented by cassava fanners in Ghana. 

Farmers' Knowledge on Cassava Mosaic Virus Disease 0 

The results show that all respondent farmers had heard of or encountered 

CMD in their fields and as a result were able to identify the symptoms of CMD 

(Figure 3.2, see Appendix Bii). This could be as a result of the ease with which 

CMD symptoms can be identified (Sherwood, 1997). The sensitization and 

training of fanners usually through improvement programmes on how to 

identify and manage virus diseases such as CMD in the field is important to 
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control the spread int . 
o new geographic regions or hosts (Bampoe, 2015, Gibson, 

2006). However due t . '1 " . 
, 0 SllllI antIes In symptoms caused by plant viruses and 

soil deficiency effects, it can be a challenge for farmers to identify virus 

symptoms in their field It' I . S. IS wort 1 noting that only a few of the respondents 

mentioned mosaic as the name of the disease with most farmers assigning names 

("Ayifle", "Kwata" (leprosy), "Edzekpo Dayo", "Kwafo, "Nsoson" (worms or 

margot), "Kokobi" and "Zongolachichi" (ezema) to CMD in their local 

language. Similarly in millet farmers refen-ed to the Neck blast disease (fungal 

disease) as "batcha" which means mockery because diseased millet plants might 

not bear seeds (Kiros-Meles, & Abang, 2008). 

CMD is caused by nine distinct virus species known as Cassava Mosaic 

Geminiviruses and transmitted through the use of infected cuttings or whiteflies 

(Bemisia tabacci) (Zhou, Robinson, & Harrison 1998, Fondong et al., 2000a, 

Bull et al., 2006, De Bryun et al., 2016). Transmission through infected cuttings 

is a major cause of reduced yield and can lead to 100% yield loss (Jericho, 

Thompson, Gerntholtz, & Viljoen, 1999). The observation of CMD symptoms 

during the major, minor or both seasons can be attributed to the use of infected 

material (Chikoti, Mulenga, Tembo, & Sseruwagi, 2019) although the severity 

of the symptoms may vary because of high temperature, viral strain, disease 

pressure or host susceptibility (Chikoti, Ndunguru, Me1is, Tairo, Shanahan, & 

Sseruwagi, 2013a; Chikoti, Tembo, Chisola, Ntawuruhunga, & Ndunguru, 

2015; Thresh, Otim-Nape, & Fargette, 1998). In this study, most of the farmers 

did not know the cause ofCMD and attributed it to the climate (drought) or soil 

borne (nutrient) deficiencies, which exhibit similar symptoms (van den Bosch, 

Jeger, & Gilligan, 2007; Jones, 2014). Education offarmers on hovv to identify 
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symptoms and the use of clean planting materials IS crucial for effective 

management of the CMD in Ghana and Africa. 

It is worthy to note tl t t-I f . la le stage 0 growth at which symptoms appear 

is very important because it can affect the yield of cassava (Thresh et al., 1994). 

Studies have shown that . f C . expressIOn 0 _ MD symptoms 111 the first month after 

planting is « 1 MAP) likely due to planting of infected material and can lead to 

significant (above 80%) yield loss (Thresh et al., 1994: Fauquet & Fargette 

1990; Adriko, Sserubombwe, Adipala, Sua, Thresh, & Edema, 2012). In 

contrast, the transmission of CMD by whiteflies results in the expression of 

symptoms later compared to infection via planting material (Fauquet & Fauquet 

1990; CABI, 2020). In the present study, we realized that most of the 

respondents (72.2%) observed CMD symptoms between 1 - 3 MAP with only 

a few (27.8%) observing symptoms between 4 - 6 MAP. This observation 

suggests that CMD infection in the study areas can be mainly attributed to the 

use of infected planting materials and not whiteflies. 

Management of CMD by Farmers 

The control and management of Cassava Mosaic Disease (CMD) just as 

any other plant virus disease requires knowledge of the causes, mode of 

transmission and symptoms (Chikoti et al., 2019). Several approaches have 

been used to control CMD, which include planting improved cassava varieties 

(ICYs), de-topping, which encourages the growth of fresh leaves. However, the 

practices of de-topping according to Ariyo et al., (2003) helps in the build-up 

of whitefly population. The most effective approach of controlling CMD has 

b 
. g (CABl 2020). According to Thresh & Cooter (2005) roguing is een rogu1l1 , 

f t:. t've when adopted by many farmers in a well-planned programme. more e lec I -
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However, the practic b .' " 
e ecomes mOle difficult and ineffective where CMD-

susceptible varieties a I d 
re p ante . It was surprising to find out that many of the 

respondents (74 4<Y()' tI ... . 
• 0 III le surveyed dlstncts did not Implement management 

practice to control CMD tl ' c: . . on lelr larms. The few numbers that practiced rogUing 

still left some CMD-infected plants on the field to produce storage roots for 

harvest Th It' . f . . e cu IvatlOn 0 Infected material year after year leads to an increase 

in mixed infections with multiple Cassava Mosaic Oeminiviruses (CMOs) on 

the field resulting in severe symptoms (Fondong el 01., 2000a, Patil & Fauguet, 

2009,). The increase in mixed infections can result in the .recombination and 

evolution of new geminivirus species (Pita et al., 200 I a, b, Zhou el 01., 1998, 

Lefeuvre et al., 2007). It was interesting to know that farmers that had higher 

levels of education (Senior High school or above) implemented management 

practises to control CMD on their fields. This finding highlights the importance 

of education in the control of CMD in Ghana and Africa. 

AWaJ"eness of Improved Cassava Varieties (ICVs) 

Farmers' awareness and access to planting materials are essential drivers 

in the adoption of improved cultivars (Acheampong & Owusu, 2015 ; Abbeam-

Danso, 2017). Besides awareness, other factors such as the involvement of 

farmers in the selection of traits for the development of new cultivars 

(participatory approach to breeding) can improve the adoption ofICVs (Alene, 

Khataza, Chibwana, Ntawuruhunga, & Moyo 2013; Acheampong & Owusu, 

2015; Abbeam -Danso, 2017; Chikoti et al., 2019). In this study, the majority 

of respondents were aware of the existence oflCVs and could mention a number 

f I S such as "Sika" "Ampong" "Ankrah "Afisiafi" "Bosome nsia" 
o examp e 

"Abasafita" AORA and "Abrabopa. It was contirmed that the education level 
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of cassava farmers sig . fi I' 
m Icant y mfluenced their awareness ofICVs (Table 4.1). 

Similar significant reI t' I . a Ions lipS have been observed between the education 

level and adoption of im' d ' " pIOve maize vanetles among fanners (Gorfe, 2004; 

Million & Belay 2004' A h , , c eampong, & Owusu, 2015 ; Abbeam-Danso, 2017). 

In addition the flow of '.1:' . . , 1J1l0fmatIOn among fnends and family members of 

farmers played a role in their attitudes and behavior in adopting ICVs. 

It should be noted that after the WAAPP programme, multiplication 

centres (e.g. Ohawu Agricultural College) were established to multiply ICVs 

especially Ampong and Sika. However, the distant location of these centres 

makes it costly for farmers to access and transport planting materials, limiting 

the adoption of rcvs. Therefore, the nearer the multiplication source of rcvs 

to farmers , the more likely such varieties would be adopted (Salasya, Mwangi , 

Mwabu, & Diallo, 2007). 

Although some rcvs have undesirable characteristics such as being 

woody and a change in color after milling, farmers still planted these ICVs. For 

example, farmers in Ajagbale in Nigeria continued to plant the cassava variety 

TME-4I9 due to its high yielding nature although it had some undesirable 

characteristics (Bentley et al., 2017). This finding shows that, once farmers 

adopt ICV s, they would cultivate for a long period. It was interesting to note 

that, respondents who grew rcvs in the study areas still reported symptoms of 

CMD on their farms. The continuous use of planting materials saved from 

fanners' fields' season after season can lead to accumulation ofCMGs, thereby 

. . tIle CMD disease pressure as confirmed by Asgedom, Strllik, mcreasmg 

Heuvelink, & Araia (2011) and Adriko, Sserllbombwe, Adipala, Bua, Thresh, 

& Edema (20 11). 
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Source and Selection of Planting Materials 

In addressing CMD, it is very important to identify the source of planting 

materials grown by farmers because this is the main mode of spread (Jericho el 

aI. , 1999). In Africa, most farmers use planting materials saved from their own 

farms or from family and friends , which has facilitated the widespread ofCMD 

(McQuaid, Gilligan, & Bosch, van den, 2017; Houngue, Pita, Cacai, 

Zandjanakou-Tachin, Abidjo, 2018). Use of planting materials from previous 

seasons leads to an increase in the severity of the disease because of the systemic 

nature of CMD (Ntawuruhunga, Legg, Okidi , Okao-Okuja, Tadu, Remington, 

2007). In the present study, farmers explained that CMD symptoms reduce over 

time, thus they do not consider CMD during the selection of planting materials 

particularly when there is a shortage of planting materials (Table 3.13 see 

appendix B vii). In cassava, the phenomenon of recovery where CMD-infected 

plants recover from virus symptoms or produce virus-free stem cuttings 

multiplied from infected parents has likely contributed to the use of infected 

materials by farmers in Africa (Fargette el al., 1994). 

Preference is an important factor in the adoption of a particular variety 

since farmers are likely to adopt or use variety when such varieties meet their 

requirement as observed by Houngue el al., (2018). Respondents in the present 

study mentioned many factors or characteristics they consider in selecting a 

particular variety to grow (Figure 3.11). These characteristics include the 

availability of planting materials, early yielding, high yield, multi-purpose use, 

taste, healthy appearance/healthy-looking, demand by buyers and its ability to 

be harvested at any time when there is no market. This finding confirms earlier 

reports by Acheampong el al. , (2013) that the varieties famiers in Ghana select 
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is dependent on the above-mentioned characteristics and traits. Most of the 

improved varieties lack farmer-preferred traits and focused on high yield under 

ideal , and well-managed conditions (Reeves & Cassaday, 2002). However, 

most of the tropical soils for cassava cultivation are marginal and do not produce 

the expected high yields. Plant breeders must involve farmers in the 

development of new and improved varieties from the start. Furthermore, siting 

of multiplication centres close to cassava farms will make them accessible for 

farmers, eventually improving the adoption of these rcvs. 

Conclusion 

Generally, respondents in the six major cassava-producing districts in 

the Volta Region have knowledge ofCMD, can identify and describe symptoms 

and the season and month in which the disease occurs. However, very few 

farmers could give the correct cause(s) and mode of transmission of the disease. 

This lack of knowledge may have contributed to the widespread ofCMD in the 

surveyed region. 

It was alarming to discover that the majority of farmers did not 

implement control measures to manage CMD in their fields. This is disturbing 

because the lack of management of the disease could lead to the build-up of 

Cassava Mosaic Geminiviruses in cultivated cassava varieties, facilitating 

recombination between geminivirus species and leading to the evolution of 

novel virus species. Educating farmers in the use of control measures such as 

rouging and de-topping and avoidance of using PMs from family and friends in 

the management of CMD will help reduce the incidence of the disease in the 

Volta Region. Besides the education of farmers, the situation of multiplication 

centres close to farms and the involvement of farmers in the selection of desired 
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traits and development of new cultivars will result in higher adoption of these 

ICVs by fanners in Ghana and Africa. 
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CHAPTER FOUR 

PREVALENCE OF CASSA VA MOSAIC GEMINIVIRUSES IN THE 

VOLTA REGION OF GHANA. 

Introduction 

Cassava Mosaic Disease (CMD), first reported in 1894 is a major 

constraint to cassava production in Africa (Storey & Nichols, 1938). CMD is 

caused by Cassava Mosaic Geminiviruses (genus: Begomovirus, family: 

Geminiviridae) (Legg & Fauquet, 2004). CMD is transmitted by the whitefly 

Bemisia tabacci (Gennadius) vector (Thresh et al. , 1998; Maruthi et al., 2005). 

Currently, nine CMG species have been identified and characterised in 

Africa (Stanley & Gay, 1983 ; De Bryun et al., 2016, Zhou et al., 1998; Berrie 

et al. , 1998; Tiendrebeogo et al., 2012; Harimalala, et al. 2015). CMGs occur 

as a single infection or as co-infection with more than one CMG species (mixed 

infections) leading to more severe symptoms due to high accumulation of viral 

DNA (Pita et ai. , 2001 a; Ogbe, Legg, Raya, Muimba-Kankalongo, Theu, 

Kaitisha, Phiri, & Chalwe, 1997; Ogbe, Thottappilly, Dixon, & Mignouna, 

2003). A classic example of co-infection of cassava with African Cassava 

Mosaic Virus (ACMV) and a recombinant strain of East African Cassava 

Mosaic Virus (EACMV) led to a severe CMD pandemic in Uganda in the early 

1990s (Zhou et al. , 1998; Zhou et ai., 1997; Fondong el ai., 2000a; Pita et ai., 

2001 a). The new variant EACMV -U02 was prevalent in Eastern Africa 

occurring mostly in dual infections with EACMV and ACMV (Fondong et ai., 

2000a; Pita et ai., 200 I a; Ogbe et al. , 1997, 2003). Consequently, the EACMV

UG2 was identified in South Africa (Jericho, 1999). Mixed i11fections of cassava 

with ACMV and EACMV species have become common in Africa (Fondong el 
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al., 2000a; Ndunguru, 2005 ; I-Iarimalala, et al., 2015; Torkpo et al., 2017) and 

increases the probability for recombination and evolution of new CMG species. 

A number of factors including an increase in whitefly population, new 

biotypes and the movement of cassava planting materials across different 

growing areas have accounted for the spread of CMD and CMGs in Africa 

(Padidam et al., 1999; Legg et al., 2015). Whitefly vectors transmit CMGs in a 

persistent manner irrespective of the coat protein, thus increasing prevalence 

and incidence (Storey & Nichols, 1938; Dubern, 1994; Brown, Frohlich, & 

Rosell , 1995; Morales & Jones 2004; Polston, De Barro, & Boykin, 2014; 

Maruthi, Colvin, Seal , & Thresh, 2002a; Morales & Jones, 2004). Furthermore, 

climatic factors such as temperature, rainfall and wind affect the abundance of 

whitefly vectors (Fauquet & Fargette, 1990). The exchange of infected stem 

cuttings by farmers is a major source oflocal and long distance spread ofCMGs 

across Africa. This practise can result in the introduction of new CMG strains 

into previously uninhabited environments resulting in higher virulence or 

recombination of CMG species (Mabasa, 2007). 

To understand the magnitude of CMD in Ghana, a ·survey of farmers' 

fields is important to identify and characterise CMG species diversity and 

prevalence of CMD in farmers' fields. Field surveys are key aspects of 

epidemiological studies of plant diseases because they provide baseline data for 

plant disease identification and characterisation (Campell & Benson, 1994). 

In addition, due to variations in CMD expression in different locations, 

field surveys can provide useful information for development of effective 

management strategies (Ndunguru, 2005). To that end, protocols that allow for 

quick and accurate identification of CMGs and subsequent characterisation 
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facilitate virus studies and management. The Enzyme Linked Immunoassay 

Assay (ELISA) is one of the most widely used immunoassay methods for the 

detection of antigen-antibody interaction due to its high specificity, standard 

configuration and convenient reading (Dunne, 2004; Satija, Punjabi, Mishra, & 

Mukhelji , 2016). The double antibody sandwich (DAS) ELISA (Sequeira & 

Harrison, 1982) and the triple antibody sandwich (T AS) ELISA (Swanson & 

Harrison, 1994) have been used to detect Cassava Mosaic Geminiviruses in the 

field . Both tests have been efficiently used to distinguish between ACMV and 

EACMV species. 

The DAS and the T AS are performed using either monoclonal only or 

monoclonal and polyclonal antibodies respectively. These react with the plant 

viruses in distinguishing between two or more viruses (Zhou el 01. , 1997). DAS 

has a simple protocol , time saving and there is no cross reactivity from 

secondary antibody, it however lacks signal amplification since only a primary 

antibody is used in the absence of a secondary antibody (CUSABIO, 2007-

2020). T AS, however, has high flexibility, sensitivity, and specificity since 

different antibodies bind to the same antigen for detection (Seepiban, 

Charoenvilaisiri , Warin, Bhunchoth, Phironrit, Phuangrat. . . Gajanandana, 

2017; CUSABIO, 2007-2020). 

In Ghana, after the first report of EACMV by Offei , Owuna-Kwakye, & 

Thottappilly (1999), other studies have confirmed the high level of mixed 

infections of ACMV and EACMV in farmer fields (Elegba el ai. , 2013; Torkpo 

et ai., 2017). Due to the increasing diversity of CMGs in sub-Saharan Africa 

and Ghana (Sseruwagi, Sserubombwe, Legg, Ndunguru, & Thresh, 2004; 

Torkpo et ai., 2017), there is the need to continually assess the prevalence and 
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incidence of CMGs in the field to aid effective disease management. Sseruwagi 

el al., (2004) suggests that effective monitoring and management of CMGs 

should be done every two to four years. 

Therefore, the principal objective of this study was to determine the 

prevalence, spatial distribution and diversity of Cassava Mosaic Geminiviruses 

in the Volta Region of Ghana years after Torpkp et al. (2017). 

Specifically, the study sought to determine the: 

1. Prevalence and spatial distribution of CMD in the Volta Region 

2. Abundance of whitefly population in fanners' fields. 

3. Diversity of Cassava Mosaic Geminivirus species in the Volta Region. 

Materials and Methods 

Field survey for prevalence and spatial distribution of CMGs 

A field survey for prevalence and spatial distribution of CMGs was 

conducted in all six (6) districts in the Volta Region (Table 3.1) between June 

and August of the 2019 cropping season. The eighteen (18) communities 

surveyed in this study are indicated in Figure 4.0. 

69 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



i 

I. , 
• 
r. 
I . 

I ! 
• 

I 
, 0 
~ I I ,. 

Farms 
- ROld, 

~. 

a 
-., V Sam t DI>lrlm 

Figure 4.1: Map of Ghana showing the surveyed area 
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Sampling techniques and Sample size 

The random sampling method was used to select cassava farms in the 

six communities. Five farms were selected from each 3 community per each six 

districts, and 30 plants (25 symptomatic and 5 asymptomatic) were sampled in 

each farm. Leaf material was collected from the younger leaves 00 to 4-month-

old plants (Figure 4.1). 

In selecting the farms, an interval of 30 km and above was considered 

as suggested by Cochran (1977). The stratified random sample design (SRSD) 

was used in sampling the test plants. With this method, fields were divided into 

equal strata, and the test plants were selected from each of the sectors. 

Averagely, each farm surveyed measured one acre or more. In total, data were 

collected on 2700 test plants (30 * 90 farms: 2250 symptomatic and 450 

asymptomatic). In each of the districts, 375 diseased plants and 75 healthy 
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plants were tested. 

:\ 

B 

Figure 4.2: Typical asymptomatic plant (A) and symptomatic plant (B) in 

farmers fields 
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Detection of CMGs using Triple Antibody Sandwich (T AS) ELISA 

Young leaf samples (symptomatic and asymptomatic) were collected 

from all 2700 plants assessed. The samples were transported to the laboratory 

in labelled Ziplock bags on ice. The leaf materials were transferred to a freezer 

at a temperature of -18 ° C until processed. For detection ofCMGs using ELISA, 

microtitre plates were coated with the IgG (20 J.lL diluted in 20ml of coating 

buffer (1.59 g Na2C03 + 2.93 g NaI-IC03 + 0.20 g NaN3). 100 J.lL of the 

mixture was added to each well on the plate, covered, and incubated at 37 °C 

for 4 hours. After which the plate was washed three times with Phosphate

buffered saline (PBS) + 0.5 ml Tween 20 per liter and blocked with 100 J.lL of 

2% skimmed milk. The plate was then covered and incubated for another 30 

min at 37 °C, after which it was washed and tapped dry . 

Sap from diseased and healthy leaves was extracted from 0.5 g leaf 

samples with 5ml of extraction buffer (8.0 g NaCl, 0.2 g KH2P04, 1.15 g 

Na2HP04, 0.2 g KCI at pH 7.4), Tween 20 and 2% Polyvinyl pyrrolidone in a 

ratio of I: 5 (lg plant sample in 5 ml of buffer). 100 J.lL of the extracted samples 

were loaded in duplicate wells on the plate. Similarly, the positive and negative 

controls were loaded onto the same plate. The plates were covered with rubber 

film and kept overnight in a fridge at 4 °C. Plates were washed tlu'ee times with 

washing buffer (PBS-T). The monoclonal antibody (MAb) was diluted in 

conjugate buffer (l : 1000) and 100 J.l-L of the mixture loaded into each well and 

incubated at 37°C for four hours. The plate was washed as previously described 

and RAM-AP diluted in 1: 1 000 in conjugate buffer was loaded (l 00 ~IL) into 

each plate and incubated for an houl'. The plate was washed three times at three 

minutes interval and 100 J.l-L aliquots of a freshly prepared substrate (1 mg/ml 
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para-nitrophenyl-phosphate in substrate buffer) was added to each well. It was 

then covered and incubated at 37 DC for one hour to aid colour development. 

The plate was visually assessed, and the absorbance read using a 

spectrophotometer (Multiskan Ascent V1.25-Version 1.3.1) at a wavelength of 

405 nm. 

Data collection 

Prevalence and spatial distribution of CMD 

Data was collected on the whitefly population, disease incidence, and 

symptom severity in 90 farms (15 farms per district) in the Volta Region. GPS 

coordinates for each farm was recorded for all 90 farms visited. Total whitefly 

population was assessed by counting the number of adult whiteflies on the five 

topmost, fully expanded leaves of the selected plants (Fargette, Fauquet, & 

Thouvenel 1988; Asare, Galyuon, Asare-Bediako, Sarfo, & Tetteh, 2014). The 

percentage disease incidence was obtained by counting the number of plants 

showing the disease in each stratum in each farm (Cochran, 1977; Sseruwagi et 

aI. , 2004). CMD severity was assessed using a scoring scale rated I to 5, (Table 

4.1) where 1 = no disease symptoms and 5 = severe chlorosis, distortion of 

leaves and retarded growth (I ITA, 1990). 

Table 4.1: CMD rating scale with corresponding symptom expression 
Rati 
ng Symptoms 

I No symptoms observed 
Mild chlorotic pattern on entire leaflets or mild distortion at base of 

2 leaflets appearing green and healthy 
Strong mosaic pattern on entire leaf, and narrowing cum distortion of 

3 lower 1/3 of leaflets 
Severe mosaic distortion of2/3 ofleaflets and general reduction of 

4 leaf size 
Severe mosaic distortion of 4/5 or more of leaf1ets, twistecl and 

5 misshapen leaves 
(lIT A, 1990) 
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T AS-ELISA detection of eMD 

Based on the ELISA absorbance values, samples were either declared 

positive or negative for the virus. Samples with an absorbance value more than 

twice that of the negative control were considered positive for the virus 

(Charoenvilaisiri , Seepiban, Kumpoosiri , Rukpratanporn, Warin , Phuangrat. . . 

Gajanandana, 2021). 

Data Analysis 

Mean whitefly counts were transformed using the square root 

transformation approach. Data on percentage incidence was calculated 

according to Imran, Shakeel, Azhar, Farooq, Saleem, Saeed, Nazeer, Riaz, 

Naeem, & Javaid (2012). The values were transformed using angular 

transformation before statistical analysis. Data on the severity of CMD for 

individual farms were first calculated using a formulae by to Chomdej , 

Chatchawankanpanich, Kositratana, & Chunwongse (2007) before analysis: 

. .. Numberofinfected plants 
Disease mCldence= x 100 (Imran el at., 2012) 

Total number afplants 

Disease severity index= 

L(Rating scaleXNumberafplants) X 100 (Chomde· el at. 2007) 
Total Number of PlantsxHeighest Rating ~, 

The values generated were subjected to ANOV A usmg GenStat 

Statistical package version 11 (VSN International) and means separated by the 

use of LSD at 5 % significance level. Graphs were drawn using Microsoft excel 

on 95% confidence interval. 
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Results 

Abundance of whitefly population in farmers' fields in the Volta Region 

Mean whitefly population was significantly higher (F5 , 80 = 58.59 P< 

0.05) in Krachi Nchumuru (10.01 ± 0.22 b), Krachi East (9.80 ± 0.29 b) and 

Akatsi South (9.03 ± 0.16 b) compared to Hohoe (5.58 ± 0.33 a), Afadjato South 

(5.92 ± 0.36 a) and Adaklu (5.93 ± 0.25 a) (Table 4.2). The lowest whitefly 

population was recorded in the I-Iohoe district (5 .58 ± 0.33 a) while the highest 

whitefly population was recorded in Krachi Nchumuru district (10.01 ± 0.22 b). 

Table 4.2: Mean whitefly population at six districts 
Districts Mean Whitefly Population/Plant 

Hohoe 5.58 ± 0.33 a 

Afadjato South 5.92 ± 0.36 a 

Adaklu 5.93 ± 0.25 a 

Akatsi South 9.03 ± 0.16 b 

Krachi East 

Krachi Nchumuru 

LSD (0.05) 

9.80 ± 0.29 b 
10.01 ± 0.22 b 

0.77 

J>revalence and spatial distribution of CMD in the Volta Region 

CMD incidence across the six districts in the Volta Region varied 

significantly (F5 , 80 = 15.51 P< 0.05). The highest incidence of CMD was 

recorded in Krachi Nchull1uru (96.67 ± 0.23 %) followed by Krachi East (96.47 

± 0.31 %), Akatsi South (86.67 ± 1.59 %), and Adaklu (82.40 ± 1.95 %) (Table 

4.3). Similar to the whitefly population, CMD incidence was lowest in the 

Hohoe district (77.2). 
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Table 4.3: Mean incidence of CMD across the six districts 
Districts 

Hohoe 
Afadjato South 
Adaklu 

Akatsi South 
Krachi East 

Krachi Nchumuru 

LSD(o.05) 

Mean Incidence (%) 

77.20 ± 1.64 a 
77.67 ± 1.68 a 
82.40 ± 1.95 ab 

86.67 ± 1.59 b 

96.47 ± 0.31 c 
96.67 ± 0.23 c 

4.93 

Mean Severity of Cassava Mosaic Disease 

The six cassava-growing districts in the Volta Region had varying levels 

of CMD severity (F5 , 80 = 14.53 P< 0.05) (Figure 4.2). CMD severity ranged 

from 2.93 in Adaklu district to 4.37 in Hohoe district. In Akatsi South, Krachi 

East, and Krachi Nchumuru districts, CMD severity scores of 3.42, 3.52, and 

3.69 respectively were recorded. Cassava plants in Hohoe displayed severe 

symptoms of CMD. 
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Figure 4.3: Mean severity of CMD across the six districts 

R.elationship between Variables 

Adaklu 

• Akatsi South 

• Krachi Ncbumuru 

Krachl East 

Afadjato South 

• Hohoe 

To ascertain the relationships between different variables that measure the 

Cassava Mosaic Disease, the Pearson coefficient of correlation was estimated 

between whitefly population, incidence, severity, and climatic data. The result 

(Table 4.4) indicated that there existed a strong positive significant correlation 

(r=0.719; P<0.05) between whitefly population and incidence, suggesting that 

the increase in disease incidence is possibly caused by the increase in whitefly 

population. Moreover, there existed a significant weak negative correlation (r=-

0.177; P<0.05) between rainfall and disease severity and temperature. This 

suggests that increase in temperature or rainfall may possibly decrease the 

disease severity. 
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Table 4.4: Correlation coefficients for pairwise comparison of the 
relationship between disease sevel"ity and incidence and 
metrological data 

Incidence Whitefly pop Severity (AP) Month Rainfall 

Whitefly pop 0.719*** 

Severity (AP) -0.291 ** -0.302*** 

Month 0.476*** 0.362*** 0.224** 

Rainfall 0.065 0.052 -0.177 0.186 

Temperature 0.132 0.314*** -0.519*** -0.601 *** 0.050 

Significant codes: '***'0.00; ,**, < 0.001; ,*, <0.05 

Relatedness of communities in terms of CMD severity and incidence, 

temperature and rainfall 

Kmel, bit } 

{j 
A 

Kr~cli ~chl>llllIU 

.-\6djaro Soudl } B 
Hohoe 

I .-\daHI 1 ( 

.-'.l:alsi SOlllh ) 

I I I I I 
0.4 O.~ 0.2 0.1 0.0 

Figure 4.4: Dendrogram showing relatedness of communities in tenns of 
CMD severity and incidence, temperature and rainfall 
constructed from PowerMarker using seventeen polymorphic 
markers with UPGMA tree method 

The relatedness of the six communities were examined using five 

parameters, namely the incidence, severity, whitefly population, rainfall and 

temperature. There were three (3) main clusters observed at 0.3 dissimilarity 

coefficient. Cluster A shows a close similarity between Krachi East and Krachi 

Nchumura. Cluster B shows a close similarity between Afadjato South and 
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Hohoe as well as Cluster C showing the closeness of Adaklu and Akatsi South 

(Figure 4.3). 

Cassava Mosaic Geminivirus species diversity in the Volta Region 

Figure 4.4A shows the diversity of CMG species detected ll1 

symptomatic samples by T AS ELISA test. Both ACMV and EACMV species 

were detected either singly or as co-infections in leaf samples collected from 

farmers' fields in the six districts (Figure 4.4A). EACMV was detected in a 

higher number of samples screened than ACMV in all six districts except 

Hohoe. A higher percentage (more than half) of leaf samples were co-infected 

with ACMV and EACMV than either species alone in all six districts surveyed. 

The two forest zones; Hohoe municipality and Afadjato South recorded the 

highest incidence of mixed infection of 77.3 % and 70.7 % respectively while 

Adaklu recorded the lowest mixed infection of 21.3%. 

Leaf samples collected from Akatsi South district recorded the highest 

ACMV incidence (13.3 %), followed by Adaklu (10.7 %) with Krachi East 

District recording the lowest infection (4 %). For EACMV infection, Krachi 

Nchumuru district recorded the highest infection (25 .3 %) with Hohoe district 

recording the lowest (8%). 

Of the 450 asymptomatic samples collected in farmers' fields in the 

Volta region, 165 samples were positive for CMGs. EACMV was detected in 

80 samples, while ACMV was detected in 40 samples. A total of 45 samples 

were infected with both ACMV and EACMV species (Figure 4.4B) 
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Figure 4.5: Cassava mosaic gemini virus species detected in (A) 
symptomatic and (B) asymptomatic leaf samples in the Volta 

Generally, the percentage of ACMV in all the districts was low and 

varied significantly. Akatsi South districts recorded the highest ACMV 

incidence (13.3 %), followed by Adaklu (10.7 %), Hohoe, Afadjato South and 

Krach Nchumuru (6.7 %) with Krachi East District recording the lowest 

infection (4 %). 
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With EACMV infection in symptomatic samples (Fig 4.4A), Krachi 

Nchumuru district and Adaklu recorded the highest infection (25.3 %) with 

Bohoe district recording the lowest (8 %). 

Mixed infection of ACMV and EACMV was commonly detected on the 

field. The two forest zones; Hohoe municipality and Afadjato South recorded 

the highest incidence of mixed infection of 77.3 % and 70.7 % respectively 

while Adaklu recorded the lowest mixed infection of21.3 %. 

Discussion 

Prevalence and Spatial Distribution of eMD in the Volta Region 

Cassava production in Africa is challenged by CMD, reducing yield by 

up to 100% in susceptible varieties (Otim-Nape et al., 1994; Thresh et al., 1994; 

Atieno, Ogendo, Midatharahally, Hillocks, Mulwa, & Arama, 2016). CMD is 

widespread across Africa with high incidence and severity of the disease in 

cassava fields (Yajima, Chiwona-Karltun, Kambewa, Huis, & Jiggins, 2005; 

lIT A/SARRNET, 2007; Changadeya, Kamowa-Mbewe, Kumar & 

Ntawuruhunga, 2016). In the present study, it was observed that the incidence 

and severity ofCMD were high in the Volta Region. Cassava plants in the field 

displayed typical CMD symptoms such as mild chlorotic pattern, severe mosaic 

and distortion of leaves and reduced leaves. 

Whitefly population in farmers' fields varied across the selected 

districts. The abundance of whiteflies in cassava fields is an important factor 

that influences the spread of CMD across Africa (Otim-Nape, Bua. , Thresh., 

Baguma., Ogwal. , Semakula ... Martin, 1997; Legg & Ogwal, 1998). Most of the 

farmers planted varieties with differences in their morphology and 

biochemistry, which may have played a role in the suitability of growth and 
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survival of the whiteflies. Again, variation \11 whitefly population can be 

attributed to environmental factors such as temperature and rainfall distribution 

across the various agro-ecological zones, which influences vector multiplication 

and spread. In Ghana, forest and transitional zones are characterised by low 

temperatures and high rainfall compared to the coastal and the savannah zones 

(Stanturf, Melvin, Warren, Charnley, Polasky, Goodrick .. :Nyako, 2011). For 

instance, high whitefly incidence has been observed in areas with high 

temperatures compared to the wet areas (Legg & Raya, 1998). High 

temperatures and medium precipitation enhance whiteflies reproduction, 

development, and longevity (Fauquet & Fargette, 1990; Fargette, Colon, 

Bouveau, & Fauquet, 1996; Sseruwagi et at., 2004; Jeremiah, Ndyetabula, 

Mkamilo, Haji , Muhanna, Chuwa . .. Legg, 2015 ; Mbewe, Kumar, Changadeya, 

Ntawuruhunga, & Legg, 2015). On the contrary, Mabasa (2007) reported that 

lower temperature and high rainfall encourage high vegetative growth that 

provides shelter for whiteflies and therefore increases their population. 

Nonetheless, in the Volta Region, districts located in the coastal savaJUlah and 

savannah regions (Akatsi South, Krachi East and Krachi Nchumuru 

respectively) recorded higher whitefly numbers compared to those in the forest 

zone. For example, in the forest zone (Hohoe and Afadjato South) which has 

characteristic low temperatures and high rainfall, low whitefly numbers were 

recorded. The observation at Adaklu may be explained by the fact that the 

district has some characteristics of both coastal, transition and forest zone and 

therefore the low numbers. 

In this study, data on whitefly numbers were collected from cassava 

fields between 3-6 MAP . Whitefly population has been reported to increase 
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between 3-7 MAP likely due to high vegetative growth at this stage (Sseruwagi, 

Otim-Nape, Osiru, & Thresh, 2003). Thus, the age of cassava plants influences 

whitefly population in cassava fields . According to Plantwise 2014, areas with 

frequent cassava virus infections has an average whitefly population threshold 

of 3-5 per plant compared to 5-10 in areas with no cassava virus infections. 

However, according to Theu and Sseruwagi (2003), Changadeya el al. (2016) , 

a high whitefly population does not correlate with high CMD incidence. Thus, 

the prevalence of CMD in the six districts surveyed in the Volta Region could 

be due to other factors besides whiteflies. From the field survey as reported in 

the Chapter 3, we noticed that majority of farmers' plant local varieties, which 

are susceptible to CMD. The growing of susceptible local varieties and the 

exchange of planting materials among farmers increase the risk of spreading 

CMD across districts in the Volta Region. The high incidence of CMD in the 

Volta Region as observed in this study corroborates earlier reports by Torkpo et 

al. (2017) and Oteng-Frimpong, Levyd, Torkpo, Danquah, Offei , Gafni (2012). 

In the present study, districts with low whitefly population had low 

CMD incidence and vice versa, corroborating the findings of Chikoti , Shirima 

& Legg (2013b). Therefore, the use of CMD-free planting materials is an 

important strategy to reduce the incidence of CMD especially in cassava

growing regions with low whitefly populations. 

Common CMD symptoms identified in farmers' fields include leaf 

chlorosis, mosaic patterns, leaf deformation, leaf distortion and stunting. CMD 

severity in the study area was high with a mean severity score ofJ.7 compared 

to the 2.7 reported by Torkpo el al. (2018). According to Mabasa, (2007) and 

Legg, Okao-Okuja, Mayala, & Muhinyuza (200 I), an area or region with 
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severity score of 3.0 and above is considered an epidemic region. Thus, CMD 

in the Volta Region, one of the major cassava producing areas in Ghana is at 

epidemic levels and this warrants effective management strategies to minimise 

the impact of the disease. 

Several factors notably high incidence of mixed infections and the 

sensitivity of local cultivars to the different CMD species present in the field 

might have contributed to the high symptom severity scores. In mixed 

infections, the risk of synergistic interaction between the different gemini virus 

species or strains is high. In addition, the hlgh prevalence of the EACMV 

species which induces high symptom severity (Fondong et ai. , (2000a), Pita et 

ai. , 2001 a; Maruthi et ai. , 2002b) could explain the high CMD severity on the 

field. Co-infection is known to increase severity of CMD due to increased 

accumulation of the viral DNA of either of the strains or both as well as a 

synergy between the two viruses (Fondong et ai., 2000a; Pita et ai., 200 la). This 

explains why Hohoe and Afajato South districts, which had the highest co

infection, had the highest CMD symptom severity scores while Adaklu with 

lowest mixed infection showed only mild symptoms. 

Cassava Mosaic Geminivirus diversity in the Volta Region 

In Africa, the most common and widespread CMGs are the EACMV 

and ACMV, which are location specific (Fondong et ai., 2000a; Pita et ai. , 

2001 a; Ogbe et ai. , 1997, 2003). Torkpo et ai. , (20 17), confirmed the above 

observation in Ghana where majority of samples screened for CMGs were 

positive for ACMV and negative for single infections with EACMV. HO'vvever, 

similar to our results in this present study, they observed a high level of co

infection with ACMV and EACMV. This finding is alarming and highlights the 
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increasing levels of co-infections and severe CMD symptoms observed in 

cassava fields in Ghana. Furthermore, the abundance of whitefly population 

across the study area coupled with infected materials could account for the 

increased dual infections similar to reports by Harimalala et al. , (2015) and 

Tembo, (2016). 

Interestingly, some of the asymptomatic samples tested positive to 

single infections of ACMV, EACMV or co-infection with both CMGs. As 

observed with CMD infections, there is a latent period for plants to develop 

symptoms, which is associated with virus titers in the plants (Fargette, 

Thouvenel , & Fauquet, 1987; Fargette et at., 1994). This observation also shows 

the importance of confirming viral observation with serological or DNA based 

nucleic acid assay. 

Conclusion 

CMD is prevalent in the Volta Region of Ghana. The incidence ofCMD 

in most farms surveyed was high reaching almost 100% with plants displaying 

severe symptoms. The widespread use of local susceptible varieties and high 

whitefly population in the study areas account for the high incidence and 

severity of CMD recorded in the Volta Region. The high incidence of co

infection of plants with ACMV and EACMV is a cause for concern because this 

increases the probability for synergistic interactions or recombination between 

species leading to evolution of new CMG species. 
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CHAPTER FIVE 

GENETIC VARIABILITY OF ACMV AND EACMV IN THE VOLTA 

REGION 

Introduction 

Cassava is known to be vulnerable to plant virus diseases because of its 

vegetative propagation (Legg et al., 2015). Cassava Mosaic Disease is one of 

the most destructive virus diseases of cassava in sub-Saharan Africa prevalent 

across Africa (Thresh et at. , 1997). The disease was first reported in the East 

Africa specifically Tanzania in the year 1894 (Waeburg, 1894, Legg, & 

Fauquet, 2004) and has now spread to most Africa countries and its off-shore 

islands (Patil et at. , 2009). 

CMD is caused by nine cassava mosaic geminviruses which belong to 

the Genus Begomovirus, family Geminiviridae ( Patil & Fauquet, 2009; De 

bryun et al. , 2016). These viruses are transmitted by whiteflies and infected 

planting material (Legg & Thresh, 2003). The continuous use of infected 

planting materials has been identified as the major cause of the emergence of 

different species with different biological characteristics and virulence (Legg & 

Fouquet, 2004). Apart from the reuse of infected planting materials, the system 

of farming is a major cause of the emergence of CMGs. In the Sub Saharan 

Africa, most cassava farmers plant cassava with other crops such as maize, 

vegetables, legumes among others as security against crop failure (F AO, 2013). 

These human-mediated activities are known to increase the risk of 

recombination among CMGs in the fields. 

CMGs have a single stranded DNA genomes with a size range of2500-

2900 nucleotides (Stanley & Gay, 1983; Hull, 2009). It has a bipartite genome 
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consisting ofa DNA-A genome made of 2700nt and a DNA-B genome of size 

2700nt (f-Iull , 2009). The nucleotides sequence in the DNA-B genomes of 

CMGs is more diverse since it has less conserved elements compared to DNA

A (Rybicki, 1994; Harrison & Robinson , 1999). 

Infections with single CMG induce fewer symptoms (Pita et al., 2001 a). 

However, mixed infection of two or more CMGs induces very severe symptoms 

that can reduce crop yield significantly due to synergism and cause an epidemic 

in extreme cases as reported in Uganda in the early 1990's (Fondong e/ al., 

2000a; Pita et al ., 2001a; Ogbe el al. , 1997, 2003). 

In Ghana, CMGs have been identified as devastating and prevalent 

causing yield loss of20% to 90% (Moses, 2009) and occurring in many cassava 

farms (Oteng-Frimpong el at., 2012; Torkpo et al ., 2017). Over the last three 

decades, about 750 CMG genomes have been characterized and published in 

the public data base (Bock & Woods, 1983; Stanley & Gay, 1983). The 

characterisation of genome in CMGs in cassava fields will bring to light the 

available germiniviruses infecting cassava production in the region Again this 

is vital to reduce yield losses and ensure food and income security for small 

scale farmers in Ghana. Furthermore, this information is important in the design 

and implementation of CMD management strategies in Ghana. 

The variability of ACMV and EACMV has been ascertained in some 

parts of Ghana since 2007 and 2012 (Oteng-Frimpong et al. , 2012 & Torkpo et 

al., 2017). However, with recombination and/or pseudo-recombination being 

the force behind virus evolution, and the substitution rate of geminiviruses 

ranging between 10-4 and 10-3 per site per year (Shackelton, Parrish, Truyen, & 

Holmes, 2005; Duffy & Holmes, 2008; Lopez-Bueno, Tamames; Velazquez, 
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Moya, Quesada, Alcami 2009), it is important to identify and characterise 

genetic diversity ofCMGs in cassava fields in Ghana after almost 10 years since 

the last reported study. 

DNA-based diagnostic methods are efficient in characterising genetic 

diversity of CMGs (Padidam et al. , 1995; Pita et al. , 200 I a) and these include 

polymerase chain reaction (PCR) amplification, restriction fragment length 

polymorphism (RFLP) analysis and DNA sequencing (Rojas el al., 1993 ; 

Padidam el al. , 1995; Brown, Idris, Torres-Jerez, Banks, & Wyatt, 2001). Zhou 

el af. , (1997) opined that in PCR, shared or unique sequences can be used since 

different geminiviruses share similar nucleotide sequences in different parts of 

their DNA-A molecules compared to their DNA-B (Rojas el af., 1993; Deng, 

McGrath, Robinson, & Harrison, 1994; Zhou el af. , 1997). The PCR-amplified 

fragments are further digested using a restriction enzyme like endonucleases 

tlu·ough the Restriction Fragment Length Polymorphism (RFLP) process. The 

RFLP is normally used together with Rolling cycle amplification (RCA), which 

is one of the effective methods used for the identification and characterization 

of various monopartite and bipartite geminiviruses attacking plants (Inoue

Nagata, Albuquerque, Rocha, Nagata, 2004; Haible, Kober & Jeske, 2006; De 

Bruyn el al., 2016). RCA is known to increase the concentration of the virus 

DNA (Rector, Tachezy, & Van Ranst, 2004) prior to sequencing to better 

understand the genetic structure and diversity of the population (Ndunguru, 

Legg, Aveling, Thompson, & Fauquet 2005). 

In this study, genetic diversity of CMGs infecting cassava in six districts 

in the Volta Region was determined using molecular tools such as PCR and 

sequencing. Twelve full length genomes were assembled and characterised 
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using nucleotide sequence identity and phylogenetic analysis. InfOimation from 

genetic diversity studies will be useful for designing effective CMD 

management strategies in Ghana. 

Materials and methods 

The molecular assay to determine the diversity of CMGs infecting 

cassava in the selected areas was carried out at the Biotechnology Laboratory 

of the College of Agriculture and Consumer Sciences, University of Ghana, 

Legon. 

Sample collection 

Six districts (Akatsi South District, Adaklu District, Hohoe 

Municipality, Afadjato South District, Krachi Nchumuru District and Krachi 

East District were selected from the major cassava producing areas in the Volta 

Region . In each district, tlu'ee communities were selected for sample collection. 

Five farms were randomly selected in each communities taking into 

consideration proximity to each other (a minimum interval of 5 km to 50 km) 

(Coclu'an, 1977; Sseruwagi el at. , 2004; Ndunguru et at., 2005 ; Mbasa, 2007). 

In each farm , young leaves materials were collected from all 25 symptomatic 

plants and pooled into one sample. A total of 90 (I5 farms*6 districts) 

symptomatic fresh leaf samples from 90 (3 communities, 5 farms per each 

community for 6 districts) cassava farms, aged 1 - 3 months were selected from 

June to August 2019. Sampling was done by plucking fresh symptomatic leaves 

into a zip-lock polythene bag. The samples were preserved in a iced chest box 

and transported to the laboratory for analysis. 
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DNA Extraction 

Genomic DNA was extracted from pooled leaf samples per farm using 

a modified CT AB protocol by Doyle and Doyle (1990) . About 200 mg of leaf 

tissue was ground with Kontes Microtube pellet pestle rods in a 1.5 ml 

microfuge tube containing 500 flJ of CT AB buffer. The mixture was transferred 

into a fresh microcentrifuge tube and incubated for 15 minutes at 55°C in a 

recirculating water bath. The mixture was centrifuged at 12000 g for 5 minutes 

to separate cell debris and the supernatant transferred to a clean microfuge tube 

with 250 flL of chloroform (Iso Amyl Alcohol, 24: I). The solution was mixed 

by inversion and centrifuged at 13000 rpm for I minute. The upper aqueous 

phase, which contains DNA, was transferred to a clean microfuge tube and 50 

flL of7.5 M Ammonium Acetate was added. This was followed by the addition 

of 500 flL of ice-cold absolute ethanol. The tubes were inverted slowly to 

precipitate the DNA. The tubes were centrifuged at 13000 rpm for 1 minute to 

pellet the DNA. The supernatant was removed, and the DNA pellet dried for 15 

minutes at room temperature and re-suspension in 100 flL sterile DNase-free 

water. The quality of the DNA was determined by rUlming 10 flL aliquot on 1 % 

agarose gel for 30 minutes at 100 V. 

peR amplification 

All 90 samples were screened for ACMV and EACMV by PCR using 

primers UV ALI fF and AROfR and primers EAB555fF and EAB5551R 

respectively (Zhou et al. , 1997; Fondong et. al., 2000a; Ndunguru el al., 2005) 

(Table 5.1). 
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Table 5.1: List of primers used for PCR detection of ACMV and EACMV 
Expected 

Primers 
ACMV
ALi fF 
ACMV
ARO/R 

EAB555/F 

EAB555/R 

Sequence 5'-3' Virus 
GCGGAATCCCTAACATTA ACM 
TC V 
GCTCGTATGTATCCTCTAAGGCCT 
G 
TACATCGGCCTTTGAGTC EAC 
GCATGG MV 
CTTATTAACGCCTATATA 
AACACC 
Zhou et al., 1997; Ndunguru el 

References al.,2005. 

Target 

ALI 

BCII 
CR 

size 

1030 bp 

540-560 
kbp 

PCR reaction conditions were initiated at 94 ° C for 2 minutes, followed 

by 45 cycles at 94 ° C for I minute, 55°C for 1.5 minutes. There was an extension 

of 2 min at 72 °C and a final extension of 72 °C for 10 minutes and held for 4 

dc. The reaction was performed in Applied Biosystems 2720 thermal cycler 

PCR machine using 20 ilL reaction mixture. After PCR, 12 ilL of the reaction 

mixture was loaded on 1.2 % agarose gel prepared with T AE (Tris base, acetic 

acid and EDT A) buffer for 35 minutes at 100V for DNA amplification. 

Rolling Circle Amplification (RCA) 

Samples were pooled according to districts (six samples) for the RCA. 

"Illustra TempliPhi 100 Amplification Kit" (GE Healthcare) protocol was used 

according to the manufacturer's recommendations. Specifically, 5 ilL of sample 

buffer was mixed with I ilL of the DNA from each district and denatured at a 

temperature of 95°C. The mixture was cooled on ice for 2 to 3 minutes after 

which 5 ilL reaction buffer and 0.2 ~lL of enzyme mix were added. The mixture 

was incubated for 16-18 hours at a temperature of 30°C. Water was used as the 

negative control. 
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Preparation of nextera libraries for lIIumina MiSeq sequencing 

Good quality RCA product with purity indices equal to or greater than 

1.8 to 2.0 ng/1l1 were selected and pooled for the three agro ecological zones 

(coastal savaImah, forest zone and guinea savanah) samples for next generation 

sequencing. The RCA-DNA libraries were prepared from total RCA-DNA 

extract concentration ranging from 1.67 to 1.69 ng/Illusing the Illumina nextera 

DNA Sample Preparation kit™ according to the manufacturer ' s instructions 

(Illumina, San Diego, California). The first step involved DNA fragmentation 

followed by the addition of adapter sequences to the ends to allow for 

amplification by PCR. Addition of indexes and enrichment was done. The final 

size and concentration of each library was estimated using a Bioanalyzer 

(Agilent, Santa Clara, CA, USA) and the Qubit (Invitrogen, Carlsbad, CA, 

USA), respectively. Library pools of2 nM were prepared by mixing the libraries 

from each sample to achieve an equal molar concentration of each. Libraries 

were normalized, pooled and sequenced using a 2 x300 -cycle PE V3 lllumina 

kit. Paired end reads were generated using the Illumina MiSeq System at the 

Inqaba Biotechnical Industries Limited in Pretoria, South Africa. 

I1Jumina Miseq short sequence assembly and analysis 

The reads were first trimmed before being assembled into contigs in 

Geneious 8.1.8 by using de novo assembly function. Contigs were sorted 

according to length (minimum length 500), and the longest contigs subjected to 

BLAST searches (Altschul, Gish, Miller, Myers & Lipman (1990). 

Furthermore, the reads were mapped to reference genomes derived from 

GenBank as variants of the same virus. Mapping was performed with minimum 

overlap of 1 0%, minimum overlap identity of 80%, allow gaps of 10% and fine 
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tuning set to iterate up to 10 times (Kehoe, Coutts, Buirchell & Jones 2014). By 

aligning with Clustal W, a consensus between the relevant contigs and mapping 

was produced in Geneious. The sequences that were produced were compared 

to the reference sequences used during the mapping procedure. 

Results 

Molecular characterisation of ACMV and EACMV species in farmers' 

fields in the Volta Region 

Molecular results obtained from PCR detection of Cassava Mosaic 

Geminiviruses in farmers'f!elds are presented in Figures 5.1 to 5.4. The 

detection of ACMV is shown in Figures 5.1 and 5.2 and EACMV shown in 

Figures 5.3 and 5.4. In Figures 5.1 and 5.3, lanes I-IS denote cassava samples 

from Krachi Nchumuru district (Chinderi (1-5), Lumbusu (6-10) and Boreae 

(11-15). 16-30 represent samples from Krachi East district (Kparipari (16-20), 

Anyanbor (21-25) and Yariga (26-30) while 31-45 represent samples from 

I-Iohoe municipality (Santrokofi (31-35), Fodome (36-40) , Gbi Woebe (41-45). 

In Figures 5.2 and 5.4, lanes 46-60 denote samples from Adaklu districts 

(Kpeleho (46-50), I-lilhavi (51-55) and Adzoedukope (56-60). 61-75 were 

samples from Afadjato south district (Have (61-65), Goviefe Kowu (66-70) 

Logba (71-75) and samples 76-90 represent that of Akatsi south districts 

(Atsidzive (76-80), Gefia (81-85), Abedrafor, (86-90). 
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M 1 2 3 ., S 6 1 8 9 10 11 1.2 IJ 14 ]Ii IG 11 18 ]9 ;,zo 21 N P 

1030 ho _ .r"" 

lOZO bp 

Figure 5. I. Amplicon of ACMV obtained from cassava leaves from farmers' fields using 
ACMV-ALI / F and ACMV-ARO/R primer pairs of size 1000 bp- I 030 bp, lanes 
1-15 (Krachi Nchllllluru (Chinderi (1-5), Lumbusu (6-10), Boreae (11-15»,16-
30 (Krachi East (Kparipari (16-20), Anyanbor (2 1-25) Yariga (26-30» , 31-45 
(Santrokofi (3 I -35), Fodollle (36-40), Gbi Woebe (41-45». Nand P denote the 
negative and positive control respectively while M denotes I kb DNA Ladder 

M 46 47 48 49 50 51 52 S3 54 5S 5657 58 59 60 61 62 6364 65 66 67 68 69 70 N P 

1030 bO--'~'~~"~ 

Figure 5.2 :Alllplicon of ACMV obtained from cassava leaves from farmers' lields using 
ACMV-ALI/F and ACMV-ARO/R primer pairs of size 1000 -1030 bp, lanes 46-60 
(Adaklu (Kpeleho (46-50), Hilhavi (5 I -55), Adzoedukope (56-60» , 6 I -75 (Afadjato 
south (Have (6 I -65), Goviefe Kowll (66-70) Logba (7 I -75» , 76-90 (Akatsi south 
Atsidzive (76-80), Gefia (8 I -85), Abedrafor, (86-90». Nand P denote the negative 
and positive control respectively while M denotes I kb DNA Ladder. 
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The Figures 5.1 and 5.2 show detection of ACMV in cassava leaf 

samples from farmers' fields using ACMV-ALI/F and ACMV-ARO/R primer 

pair with expected band size 1030 bp. From the figures, primer ACMV AL I1F 

and ACMV -ARO/R detected the ACMV in all the districts but not all farms 

example Lumbusu (lanes 6-10) in Figure 5.1. ACMV was d~tected in 83 out of 

the 90 samples representing 92.2% infection rate using ACMV-ALIIF and 

ACMV -ARO/R primer pairs. Out of this, 71 samples representing 78.9% were 

singly infected with ACMV with 12 (13 .3%) being in mixed infection with 

EACMV. 

Figures 5.3 and 5.4 show detection of EACMV in cassava leaf samples 

from fanners' fields using EAB555/F and EAB555/R primer pair with expected 

band size of 540 bp. EACMV DNA was detected in 19 out of 90 samples, 

representing an infection rate of 21.1 %. Out of this, 18 samples (20%) were 

mixed infection with ACMV and 1 (1.1 %) sample was singly infected with 

EACMV. EACMV was not detected in any of the samples from Adaklu and 

Afadjato South using the primer pair EAB555/F and EAB555/R. 
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54 0 

54 0 

1\11 2 3456 7 S 91011121314151617151920 2 12223 24 25 N P 

1\1 26 2 7 2S 2 9 30 313 2 J3 H 3 5 36 37 3S 39 4 04142 43 444546 P N 

Figure 5.3 Amplicon of EACMV obtained from cassava leaves from farmers fields 
using EAB555/F and EAB555/ R primer pairs of size 540 bp, lanes 1-15 
(Krachi Nchumuru ( Chinderi (1 -5), Lumbusu (6-10), Boreae (11-15)), 16-
30 (Krachi East (Kparipari (16-20), Anyanbor (21-25) Yariga (26-30» , 31-
45 (Santrokofi (31-35), Fodome (36-40), Obi Woebe (41-45» . Nand P 
denote the negative and positive control respectively while M denotes I kb 
DNA Ladder. 

M -1 7 ·18 ·~ 9 !:;Q 5 1: S7 53 54 5 S 5657' 5 8 5960 ,(,1 62 G3 CJ-'1 GS 6 G 6 7 (.8 &970 71 N P 

Figure 5.4. Amplicon of EACMV obtained from cassava leaves from farmers fields 
using EAB555/F and EAB555/ R primer pairs of size 540 bp, lanes 46-60 
(Adaklu (Kpeleho (46-50), Hilhavi (51-55), Adzoedukope (56-60» , 61-75 
(Afadjato south (Have (61-65), Ooviefe Kowu (66-70) Logba (71-75» , 76-
90 (Akatsi south (Atsidzive (76-80), Oefia (81-85), Abedrafor, (86-90». N 
and P denote the negative and positive control respectively while M denotes 
I kb DNA Ladder. 
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Genetic characterisation of CMGs in the Volta Region 

A total of twelve full length genome components were assembled in this 

study based on sequence alignment (BLAST) search results, pairwise nucleotide 

identities, and phylogenetic analysis . Taxonomic classification of the newly

assembled genome components using International Committee on Taxonomy 

of Viruses (ICTV) recommended thresholds for Begomovirus species 

demarcation identified six genome components (GhA VGS, GhA VFZ, 

GhA VCS , GhAEVRGS, GhAEVRFZ and GhAEVRCS highly similar (95.52-

99.01 %) to ACMV (DNA-A) isolates from Nigeria (XI7095.1) and Ghana 

(MG250089.1). The variant GhA VCS from the Coastal Savanah displayed high 

nucleotide sequence identity (96.73% - 98.95%) with another ACMV variant 

from Ghana (MG250089.1) (Figure 5.5). 

Based on blast search results, the rema1l1111g SIX newly assembled 

genomes showed high nucleotide sequence identities to DNA-B of ACMV 

(GhBVCS, GhBVGS, GhBVFZ) and DNA-B of EACMV (GhBEVRGS, 

GhEA VRFZ and GhBEVRCS) isolates from Ghana, Nigeria, or Cameroon 

(Figure 5.6). 

The genome component's, GhBEVRGS, GhEAVRFZ and OhBEVRCS 

were highly similar to EACMV Cameroon virus or EACMV Cameroon virus

Ghana isolate (AFI12355.1 and JNI65087.1). 

Genome components GhBVCS, GhBVGS and GhBVFZ were isolated 

from the coastal savannah, guinea savannah and the forest zones respectively. 

The three genome components identified in this study that showed high 

nucleotide sequence identity to DNA-B of the EACMV species were identified 
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ill the guinea savannah (GhBEVRGS), forest (GhEA VRFZ) and coastal 

savannah (GhBEVRCS) zones (Figure 5.6). 

:).06 

Figure 5.5. Phylogenetic tree constructed from nucleotide sequence alignments of 
ACMV DNA-A of Cassava Begomoviruses in the Volta Region of Ghana. 
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All the three isolates identified in this study aligned closely (93.83%, 

93.87% and 92.87%) to Ghanaian isolate (JN165087.1). 

02 

Figure 5.6. Phylogenetic tree constructed from nucleotide sequence alignments of 
ACMV and EACMV DNA-B of Cassava Begomoviruses in the Volta 
Region of Ghana. 
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Genetic diversity of genes on the DNA-A genome of newly identified CMGs 

To determine genetic diversity of genes on the DNA-A genomes of 

ACMV species identified in this study nucleotide sequences of the individual 

genes was compared with that of other isolates available on NCB! GenBank. 

The six newly identified isolates (GhA VVRFZ, GhA VVCS, GhA VVGS, 

GhAEVRCS, GhAEVRFZ, GhAEVRGS) showed high homology to ACMV as 

observed in Table 5.2. 

It can be observed from the BLAST results (Table 5.2) that Open 

Reading Frame (ORF) ACI genes in the newly-identified genomes showed high 

homology (92.0% - 93.6%) to other isolates from the West Africa (Togo, Benin, 

Nigeria and Ghana). 
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Table 5.2 : Nu cleotide seq u ence iden tities (%) of the ACl genes of ACI\1V a nd EACI\1V isolates identifi ed in this study compared to other 

selected isolates on NCBJ 

New isolates from the study 

Country of GhAVVRFZ GhAVVCS GhAVVGS GhAEVRCS GhAEVRFZ GhAEVRGS 
Isolates from NCBT Origin ACMV ACMV ACMV ACMV ACMV ACMV 

NC 038877.1 EACMV Malawi 92.8 94.2 92.8 87 61.6 76.4 
AJ575560.1 SACMV 53.4 53.3 52.9 53.4 53 .7 56.5 
])(910240.1 EACMV Congo 44.3 44.6 43 .8 47.4 70.8 57.5 

HE814064.1 EACMV Chad 42.7 42.9 42.7 49.1 75.8 60.5 

HE814063 .1 EACMV C.A.Republic 53 .8 54.1 54.1 50.2 41 48 .3 

MK0594 18.1 EACMV Uganda 42.7 42.6 41.9 46.3 70.2 56.4 

KR476372.1 ACMV Togo 92.5 93 .6 92.6 87 62.7 77 

KR476371.1 ACMV Benin 92.5 93.6 92.6 87 62.7 77 

AF259894.1 ACMV Ivory Coast 87 88.3 87 81.4 57.4 71.1 

X I 7095.1 ACMV Nigeria 92 93 92.3 86.1 61.6 75.9 

MG250160.1 ACMV Ghana 92 93 92.3 86. 1 61.6 75.9 

MG250160.1:1214-162 1 EACMV Ghana 42.4 42.4 41.6 46.6 71.4 57.2 

HE979765 .1 ACMV Uganda 93.1 94.4 92.8 87.5 62.2 76.1 

KT869131.1 ACMV Zambia 42.1 42. 1 41.3 46 70.8 56.4 

FJ807631.1 ACMV Angola 41.8 41.8 4 1 46.3 71.1 56.6 

NC 055128. 1 ACMV B. Faso 87.8 89.4 88.1 82.8 59.4 72.2 

NC 004625 .1 EACMV Cameroon 48. 1 48.1 47.6 47.9 46.1 49 .5 

MT671423.1 SLCMV S. Lanka 52.7 52.9 51.9 53.3 46 .6 55 

AJ575819. 1 ICMV India 93 .6 95 94.2 87.8 62.4 77.5 

101 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



For the AC2 genes, the six newly-identified ACMV genomes from 

Ghana showed highest homology (95.6 - 97%) to other ACMV genomes 

identified in Togo, Benin and Uganda (Table 5.3). 

Similarly, for the AC3 genes, the six newly-identified ACMV genomes 

from Ghana showed highest homology (94 - 95.6%) to other ACMV species 

from Ghana and Uganda (Table 5.4). 
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Table 5.3. Nucleotide sequence identities (%) of the AC2 genes of ACMV and EACMV isolates identified in this study compared to other 
selected iso lates on NCBl 

New Isolates from the study 
Country of GhAVVRFZ GhAVVCS GhAVVGS GhAEVRCS GhAEVRFZ GhAEVRGS 

Isolate from NCBl Origin ACMV ACMV ACMV ACMV ACMV ACMV 
NC 038877.1 EACMV Malawi 60 60 60. 1 60 60 60.1 
AJ575560 .1 SACMV 63 63 63 63 63 63 
JX910240.1 EACMV Congo 60.7 60 60.8 60 60.7 60.8 
HE8 14064.1 EACMV Chad 60.7 60 60.8 60 60.7 60.8 
HE814063. 1 EACMV C. A. Republic 60.7 60 60.8 60 60.7 60.8 
MK0594 18. 1 EACMV Uganda 62.2 6 1.5 62 .3 61.5 62.2 62.3 
KR476372.1 ACMV Togo 97 96.3 95.6 96.3 97 95.6 
KR47637 I. I ACMV Benin 97 96.3 95.6 96.3 97 95.6 
AF259894. 1 ACMV Ivory Coast 97 96.3 95.6 96.3 97 95.6 
X1 7095 .1 ACMV Nigeria 97 96.3 95 .6 96.3 97 95.6 
MG250160.1 ACMV Ghana 94.8 94.1 93.4 94.1 94.8 93.4 
MG250 160. 1: 1214- 1621 Ghana 94.8 94.1 93.4 94.1 94.8 93.4 
HE979765 .1 ACMV Uganda 97 96.3 95.6 96.3 97 95 .6 
KT869 131 .1 ACMV Zambia 94.1 93 .3 94.1 93 .3 94.1 94.1 
FJ807631.1 ACMV Angola 91.9 91.1 91.1 91.1 91.9 91.1 
NC 055128.1 ACMV Burkina Faso 92.6 91.9 91. 1 91.9 92.6 91. 1 
NC 004625 .1 EACMV Cameroon 55.6 54.8 55 .6 54.8 55.6 55.6 
MT671423.1 SLCMV SLCMV 55.6 54.8 54.8 54.8 55.6 54.8 
AJ575819.1ICMV ICMV 41.3 40.6 41.4 40.6 41.3 41.4 
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Table 5.4: Nucleotide sequence identities (%) of the AC3 genes of ACMV and EACMV isolates identified in this study comp~"'ed to other 
selected isolates on NCB] 

New Isolates from the study 
Country of GhAVVGS GhAVVCS GhAVVRFZ GhAEVRCS GhAEVRFZ GhAEVRGS 

Isolate from NCBI Origin ACMV ACMV ACMV ACMV ACMV ACMV 

NC 038877.1 EACMV Malawi 56.4 54.9 57.1 54.9 57. 1 56.4 
AJ575560.1 S. Africa 57.1 55 .7 57.8 55 .7 57 .8 57.1 

JX910240.1 EACMV Congo 57 .1 55 .7 57.8 55.7 57.8 57.1 
HE814064.1 EACMV Chad 57.1 55.7 57 .8 55 .7 57.8 57.1 
HE814063.1 EACMV CA. Republic 60.1 59.4 60.8 59.4 60.8 60.1 
MK059418.1 EACMV Uganda 58.6 57.9 59.3 57.9 59.3 58 .6 
KR476372.1 ACMV Togo 94.2 94.2 94.9 94.2 94.9 94.2 
KR476371.1 ACMV Benin 92 92 92 .7 92 92.7 92 
AF259894.1 ACMV Ivory Coast 93.4 92 93.4 92 93.4 93.4 

X17095 .1 ACMV Nigeria 92 92 92.7 92 92.7 92 
MG250160.1 ACMV Ghana 92 92 92.7 92 92.7 92 

MG250160.1: 1214-1621 Ghana 94.9 94.2 95 .6 94.2 95 .6 94.9 
HE979765 .1 ACMV Uganda 94.9 94.2 95 .6 94.2 95 .6 94.9 
KT869 131 .1 ACMV Zambia 93.4 92.7 94.1 92.7 94. 1 93.4 
FJ807631.1 ACMV Angola 92 91.2 91.9 91.2 9 1.9 92 

NC 055128.1 ACMV Burkina Faso 89 88.3 89 88.3 89 89 
NC 004625.1 EACMV Cameroon 44.5 44.6 46 44.6 46 44.5 
MT671423.1 SLCMV SLCMV 45 .3 45.3 46.7 45 .3 46.7 45.3 

AJ575819.11CMV ICMV 44.5 44.6 45.3 44.6 45 .3 44.5 
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Table 5.5 compares nucleotide sequences of selected ACMV and 

EACMV isolates on GenBank with the newly identified genomes from Ghana. 

All the AC4 genes showed high homology (91.5 to 92.9%) to isolates from 

Benin, Togo, Ivory Coast and Uganda with the exception of the AC4 gene of 

the ACMV isolate (GhAEVRFZ), which showed highest homology (97.9%) to 

EACMV Cameroon isolate. 

105 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Table 5.5: Nucleotide sequence identities (%) of the AC4 genes of ACMV and EACMV isolates identitied in this study compared to other 
selected isolates on NCB] 

New Isolates from the study 
Country of GhAVVRFZ GhA VVCS GhAVVGS GhAEVR CS GhAEVRFZ GhAEVRGS 

Isolates from NCB! Origin ACMV ACMV ACMV ACMV ACMV ACMV 
NC 055128.1 ACMV B. Faso 28 .2 28.9 28.9 26.2 34.5 37.5 

AJ575819.1 India 42.1 42 .9 42.9 38.8 37.1 45.8 
AJ575560.1 S. Africa 40.8 40.9 40.2 38.3 32.4 45.9 

KR476372.1 ACMV Togo 92.2 92.9 92.9 80.2 23.6 52.3 
KR476371.1 ACMV Benin 92.2 92.9 92.9 80.2 23.6 52.3 
MG250160.J ACMV Ghana 89 .3 90 90 78 .1 22.9 50.1 

MG250160. 1:2150-2572 Ghana 89 .3 90 90 78.1 22.9 50.1 
FJ807631 . I ACMV Angola 89.3 90.7 90 78.8 25 50.8 
KT869131.1 ACMV Zambia 90 90.7 90.1 79.5 22.1 51.6 
AF259894.1 ACMV Ivory Coast 92.2 92.9 92.2 80.9 22.1 50.8 
HE979765.1 ACMV Uganda 91.5 92.2 90.7 80.2 22.9 49.4 

MT671423.1 S. Lanka 50 50.7 50.8 45.2 25 36.6 
NC 004625.1 EACMV Cameroon 22.9 23 .6 24.4 24.5 97.9 68 
JX910240.1 EACMV Congo 23.6 23 .6 24.4 23. I 85.7 62.3 
HE814063 .1 EACMV CA. Republic 23 .6 23 .6 24.4 23.8 86.4 63 .7 
HE814064.1 EACMV Chad 25 25 25.8 24.5 86.4 63 
MK059418 .1 EACMV Uganda 23 .6 23.6 24.4 23 .8 85.7 63 .7 
NC 038877.1 EACMV Malawi 22.9 23.6 23.6 22.4 87.1 60.8 
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Genetic diversity of genes on the DNA-B genomes of newly-identified 

CMGs 

To characterise diversity on the DNA-B genome, nucleotide sequences 

of the BV) and BC) genes of the newly- identified genomes from Ghana was 

compared with other reported isolates on NCBI GenBank. Table 5.6 shows the 

comparison of the BV) gene of the newly-identified isolates with selected 

CMGs from elsewhere in Africa and Asia. The BV) gene of three of the newly

identified ACMV genomes (GhBVFZ, GhBVCS, GhBVGS) showed high 

homology (93.0% - 95.7%) to the BVI gene of ACMV isolates from West 

Africa (Ghana, Ivory Coast and Burkina Faso). In contrast, the BV I gene of the 

three newly identified EACMV genomes (GhBEVRCS, GhBEVRFZ, 

GhBEVRGS) showed high homology (91.1 % - 97.3%) to EACMV DNA-B of 

isolates from East Africa (Uganda, Kenya and West Kenya) (Table 5.6). 

Similarly, comparison of the BC 1 gene of the newly-identified isolates 

to other isolates from Africa and Asia on the NCBl GenBank revealed high 

homology (88.1 % - 94.9%) between isolates GhBVFZ, GhBVCS and GhBVGS 

and BCI of ACMV isolates from West Africa (Ghana, Ivory Coast and Burkina 

Faso) (Table 5.7). For isolates GhBEVRCS, GhBEVRFZ, GhBEVRGS, the 

BCI gene showed high homology (85 .7% - 96.9%) to EACMV isolates from 

East Africa (Uganda, Kenya and West Kenya) (Table 5.7). 
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Table 5.6. Nucleotide sequence identities (%) of the BVI genes of ACIVIV isolates identilied in this study compared to other sel.ected isolates 

on NCBI 

New Isolates from this study 
Country of GhBVCS GhBVGS GhBVFZ GhEBVRFZ GhEBVRCS GhEBVRGS 

Isolates from NCBI Origin ACMV ACMV ACMV EACMV EACMV EACMV 

AFI12355.EACMV Cameroon 35.2 35 .2 35.4 23.9 84.3 53 
MH646694.1 EACMV Ghana 21.8 21.8 21.9 27.4 62.2 55 
HE979796.1 ACMV Uganda 96.5 97.3 93.4 12.3 33 .2 26.9 
MH646722.1 :434-1204 Ghana 93.7 94.5 92.2 12.7 32.4 26.9 
AF259895.1 ACMV Ivory Coast 95 .3 95.7 93.4 12.3 33.2 26.9 
NC 055127.1 ACMV B. Faso 95.7 95.3 93 12.3 34 27.7 
HG530121.1 ACMV Kenya 94.1 93.3 92 .2 11.5 32.8 26.5 
J02058.1 ACMV W. Kenya 92.5 92.5 91.1 12.7 33.6 27.3 
MH646723 .1 ACMV S. Lanka 90.5 91.3 89.9 11.5 33.2 28.1 

KT861469.1 (SLCMV) S. Lanka 28.4 28.8 29 10.7 20.9 15 
LC588395 .1 (SLCMV) S. Lanka 28.4 28.8 29 10.7 20.9 15 
NC_001933.1 (ICMV) India 28.4 28.8 29 10.7 20.9 15 
A Y730036.2 (ICMV) Kenya 28 28.4 28.2 I I. 1 21.3 14.2 
JF909233.i EACMV Uganda 36.5 36.4 36.6 17.4 54.5 34.8 
KT780439.1 EACMV S. Africa 35.7 35.6 35.8 17.4 54.2 34.8 
KJ887740.i (SACMV) S. Africa 36.1 36 36.2 17.4 55 .7 34.8 
KJ887749.1 (SACMV) S. Africa 36.1 36 36.2 17.4 55.7 34.8 
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Table 5.7: Nucleotide sequence identities (%) ofthe BCl genes of ACMV isolates identified in this study compared to other selected isolates 

on NCBl 

Isolates 
Countr:Y ot- GhB'\.-'FZ GhBVGS GhBVCS GhEB"\.··'RCS GhBE'VRFZ GhEBVRGS 

Orie:jn ACi\.1,,,· ACi\.rv' ACM'\t EAC::vf\i EACM'V EACi\.'rv 

lV1H646723,l ACi\.'I"\.; Ghana 92,2 92.9 94 . 9 1 ,.3 18,5 9 . 6 

HE979796.1 ACM'\.' Uganda 9L9 95.3 96 . 9 18 18.8 9,6 

~C_05512' , l AC:cvnl B .Faso 88.1 90,S 92 . 5 1 8,3 19 ,5 9.9 

AF259895. 1 AC).,1'\.-' LCoast 88.5 90.5 92 . 1 1 8.6 18 ,5 9.2 

j'y·[H646722. 1 : 1213-2 109 Ghana 87.4 90 . 1 92 . 5 17.6 17. 8 9.2 

HG5301 2 1.1 ACMV Ke:;u:ya 85.7 88.8 89 .. 7 17.6 18. 2 8,9 

J02058 , 1 AC::vrV "\'\.r.Ken ya 88.5 90.5 92.5 19. 3 19.2 10, 6 

JF909233.1 EAC!vlV Ke.n~·-a 2L8 22 22 . 3 52 , 6 58.4 7.7 

AF 112355,EAC)"'l'V Ca..n:::leroon 7. 1 7.3 7.2 20 . 6 13 ,4 48 , 7 

i\.1:H646694.1 EACi\.·I"\.·' GhanalC,roon 7.7 7.9 7 .9 2L8 14, 1 50 

KJ887740.1 S. Africa 7 , 1 -, ~ .. :. 7.2 lL 7 8.3 4 2 1 

KJ887749.1 S. Africa 6 . 7 7 6.9 12 S.7 42, 1 

KT7S0439.1 EAC.M'\'- Ugauda 6.7 7 6 ,9 9.2 7.1 42.4 

KT86 1 469 . 1 S,Lanka 7.2 7.2 7 .4 8,1 5.6 18.5 

LC588395. 1 S,Lanka 7,2 7.2 7.4 8. 1 5.6 1 8 , 5 

AY730036.2 India 7,2 7.5 7.7 7.4 5,9 1 8.1 

:-;rC 001933,1 India 6.9 -, -, 
J • ..:.... 7.4- 7 , 8 5.9 19. 5 
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Discussion 

Molecula.· characterisation of ACMV and EACMV species present in 

farmers' fields in the Volta Region 

Cassava Mosaic Geminiviruses have become a major constraint to 

cassava production mainly in regions where the crop is a major source of 

carbohydrate and income for farmers (Chikoti el al. , 2019). The intensive nature 

of cassava cultivation on the continent has facilitated the movement of cassava 

planting materials across different geographical areas resulting in the 

introduction of begomovirus diseases into previously unaffected regions. This 

situation has led to an increase in prevalence and more severe symptoms of 

Cassava Mosaic Disease (CMD) in fanners' fields as observed in this study. 

From the PCR results, ACMV was detected in 78.9 % of samples and EACMV 

in 1.1 % of samples screened with mixed infections (ACMV and EACMV) 

detected in 20% of samples. The high occurrence of ACMV infections in 

farmers ' fields supports earlier reports (Legg and Fauquet, 2004, Fondong el 

al., 2000a) that ACMV is the dominant CMG species in West Africa. 

Comparatively, the prevalence of EACMV in single infection in farmers' fields 

in the Volta Region is low (l.l %) as observed in this study. Offei el al., (1999) 

and Torkpo el al., (2017) earlier repOIted the predominance of ACMV 

infections compared to EACMV in most cassava growing areas in Ghana. 

In the present study, high incidence of mixed infections with ACMV 

and EACMV was recorded, which concurs with Torkpo et al (2017) who 

observed high rates of mixed infections in field samples. Mixed infections of 

cassava with ACMV and EACMV species has been reported in other West 

Afi·ican countries such as Burkina Faso, Cameroon, Ivory Coast and Nigeria 
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(Pita el ai., 200 I b; Ariyo el ai. , 2005; Ogbe el al., 2003 & Fondong el ai. , 

2000a). The high rate of mixed infection and EACMV in farmers fields warrants 

a more comprehensive control strategy to reduce losses due to CMGs. 

Furthermore, the situation of mixed infection increase the possibility of 

EACMV displacing ACMV as the dominant species. A similar observation was 

seen in Uganda where mixed infections led to the Ugandan variant (UgV) 

displacing ACMV as the predominant variant resulting in a severe epidemic in 

cassava growing areas (Were, 200 I). 

Geographically, it was observed that most of the EACMV infections 

were detected in samples from the guinea and coastal savannah agro-ecological 

zones. This could be due to the cultivation of CMD-susceptible varieties by 

farmers in these areas . Torkpo el al. , (2017) reported high CMD prevalence in 

less common cultivars, reaching 100% in most instances. Another factor which 

may have accounted for the presence of EACMV in the guinea and coastal 

savaIU1ah zones is the closer proximity of the two agroecological zones to the 

borders of Burkina Faso and Togo respectively. These regions are characterised 

by high movement of people possibly leading to introduction of infected 

planting materials across borders lnto GhaIla. In Zambia, Chikoti el al., (2014) 

reported that the movement of planting materials resulted in the introduction of 

more severe CMGs from Mozambique, Malawi and Tanzania. This practice, 

thus increases the incidence of mixed infection thus increasing the risk of 

recombination between CMG species which can lead to evolution of new strains 

of CMGs (Fondong el al., 2000a; Legg & Fauquet, 2004 & Mabasa 2007). 
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Genetic diversity of of Begomoviruses infecting cassava in the Volta Region 

Currently, about nine CMG species have been linked to Cassava Mosaic 

Disease (CMD) in Africa with several strains identified in the field (Brown et 

al., 2015; De Bruyn et al. , 2016). Until now, these species were location 

specific, with ACMV being common in West, Central , and Southern Africa 

whereas EAMV was prevalent in East Africa, and rarely found in West Africa 

(Zhou et al.1997; Deng et al., 1997). 

In this study, majority of CMG DNA-A genomes identified were 

ACMV species. Sequence analysis of the complete genomes (DNA A and DNA 

B) suggested that the isolates identified in this study are highly similar to earlier 

reported CMG isolates found in West Africa. 

Similarly, the DNA-B genomes identified in this study shared close 

nucleotide sequence identity with other isolates from Nigeria, Burkina Faso and 

other countries from West Africa (Figure 5.5). 

Interestingly, we identified three EACMV DNA-B genomes without the 

corresponding EACMV DNA-A genome components. This observation 

suggests that cassava in farmers' fields is infected with ACMV and EACMV 

species, increasing the chance for recombination or pseudo recombination. In 

cassava fields in Uganda, pseudo-recombination was reported whereby the 

DNA-A of ACMV co-occurs with and trans-replicates the DNA B of EACMV 

(Legg & Fauquet, 2004, Patil et al., 2001; 2009). The non-detection of EACMV 

DNA-A genomes from sequence data generated from leaf samples collected 

from farmer fields strongly suggests that DNA-A of ACMV trans-replicates 

DNA-B ofEACMV in cassava in the Volta Region. 
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Unlike the DNA-A, the DNA-8 of the EACMV of the isolates identified 

in this study had close sequence identity with previously published isolates in 

West Africa but dissimilar to those from the East Africa. All the three isolates 

of EACMV DNA-8 aligned closely to the Cameroon isolates (AFI12355 .1; 

LC659084.1 ;KJ887667.1 ;KJ887742 .1), Cameroon-Ghana isolate (IN 165 

087. 1), Cameroon-Ivory Coast (AF259897.1) and Ghana isolate of EACMV 

DNA-8 (MH646694.1) (Figure 5.6). For EACMV, genetic diversity is common 

among isolates identified in different countries and are prone to variation 

compared to ACMV species (Patil & Fauquet 2009). 

From this study, we did not detect the Uganda variant of EACMV -Ug 

in Ghana as indicated in earlier studies (Torkpo et al., 2017). The EACMV-Ug 

variant has been implicated in widespread epidemics of severe CMD in East 

Africa (Gibson, Legg & Otim-Nape 1996; Otim-Nape, Tlu~esh & Shaw 1994). 

It is thus imperative that stricter measures be maintained to prevent the 

introduction of this variant into the country. 

Conclusion 

In conclusion, ACMV was the most dominant species identified in 

farmers' fields in the Volta Region of Ghana. Although, EACMV was identified 

in some fields in the coastal and Guinea savannah agro-eological zones, the 

prevalence was far lower (I.I % out of the total samples screened) compared to 

ACMV. Therefore, breeding local cassava varieties resistant to the ACMV 

species is of high importance in Ghana. However, the presence of EACMV in 

some cassava fields warrants attention due to the increased risk of 

recombination between ACMV and EACMV species under mixed infection 

conditions. In East Africa, severe CMD epidemic was reported in cassava fields 
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as a result of recombination between ACMV and EACMV species leading to a 

recombinant EACMV -Ugandan CLegg el at. , 2002; Patil & Fauguet, 2009). 

From the twelve gemome components identified in the study, six were 

ACMV DNA-A genomes, tlu·ee ACMV DNA-8 genomes and three EACMV 

DNA-8 genomes. 

The assembly of EACMV DNA-8 genomes without the corresponding 

EACMV DNA-A genomes suggest that ACMV DNA-A genomes can co-occur 

and trans replicate the EACMV DNA-8 genomes. 

The identification of EACMV species in cassava fields in the Volta 

Region confirms the increasing geographic spread of EACMV across cassava 

fields in Ghana. This warrants the implementation of effective measures to 

minimise spread of CMGs in Ghana. 
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CHAPTER SIX 

CASSAVA MOSAIC DISEASE (CMD) RESISTANCE EVALUATION 

IN SELECTED IMPROVED CASSAVA VARIETIES (ICVs) IN 

GHANA USING SEROLOGICAL AND MOLECULAR APPROACHES 

Introduction 

Cassava is a staple food crop for more than 800 million people living in 

the tropics (FAO, 2013). It is a good source of energy for both human and 

industrial use with about 70 % of farmers in Ghana engaged in cassava 

production «(Jarvis et al., 2012; GrowAfrica, 2015). Given these benefits, 

cassava is considered a critical weapon in the fight against poverty through food 

security and marketing (FAO, 2013). Despite its importance, the yield of 

cassava is low,18.6 mt/ha as of 20 14, far below the actual potential yield of 38 

mt/ha (Agriculture Global Practice, 2017). Many factors , including 

susceptibility of widely grown varieties to diseases and pests, mainly Cassava 

Mosaic Disease (CMD) account for the low average yields in Africa and Ghana 

(Moses et al. , 2015 ; Uzokwe et al.,2016). 

Since the first report of CMD in 1930 in Ghana, the government of 

Ghana and other organizations have put in place interventions that have led to a 

greater emphasis on research and development resulting in the release of around 

40 improved cassava varieties (lCVs) (Ofori et al., 1997; Catalogue of Crop 

Varieties Released & Registered in Ghana 2019); GrowAfrica, 2015). Findings 

have shown that these rcvs are among the strategies for increasing crop 

production, contributing about 50-90 % of the global increase in crop yields 

(World Bank, 2007; Bruins, 2009). Several of the released varieties (Capevars. 

TEK. Ampong, Sika. Afisiafi. Bankye Hemaa. IFAD. Nkabom , etc) are known to 
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be resistant and tolerant to CMD with yields of more than 35 tlha (Ofori et al., 

1997; Adjekum & Ofori, 2000; RTlP, 2002; Adjekum, 2006). Observations 

made at Ohawu Agricultural College and Asuansi cassava multiplication centre 

for some of the ICYs and engagement with a cassava farmer (personal 

conul1unication with Mr. Thomas Baagmae, 0208026434) suggest that some of 

these ICVs do exhibit CMD symptoms that are very severe. An earlier study by 

Gibson (2006) contilmed this observation and led to the rejection of the 

improved cassava varieties by farmers . The breakdown of resistance observed 

in the improved varieties occurs over time under different environments (Koike 

el al., 2000). Therefore, it is impol1ant to take into consideration the 

envirollment during resistance screening of new or improved varieties since this 

affects the persistence of the resistance developed (Chellappan et al. , 2005 ; 

Velasquez et al. , 2018). 

Several studies have assessed the resistance of improved cassava 

varieties to CMD over time (Okogbenin et al., 2007; Bi et al., 2010). Asare et 

al., (2014) observed that most of these studies were carried out under natural 

conditions or on farmers fields which tends to either underestimate or 

overestimate the infestation pressure. According to Bi et al. (2010) and 

Rwegasira et al. (2015), variation in infestation pressure is due to the differences 

in agronomic practices, spatio-temporal variation in whitefly activity and 

variations in plant age at the time of infection. 

In the glass or screen house, the establ islunent of an infection source, as 

well as inoculum dose-response effects on resistance levels in cassava cultivars, 

can be assessed (Am bang et al., 2009; Bi el al., 2010). However, other 

approaches such as molecular and grafting techniques to determine resistance 
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should be explored in the re-evaluation of ICVs years after their existence or 

release. Mechanical transmission ofCMD through grafting has been reported to 

be reliable for screening cassava for resistance to virus diseases (Fregene et al., 

2001; Akano et al., 2002; Okogbenin et al. , 2012; Wagaba et al. , 2013). 

Other types of grafting such as side grafting and bud grafting methods 

have allowed for broad screening of cassava plants (Yadav et al ., 2011 ; Wagaba 

et al. , 2013; Anjanappa et al. , 20(6). However, both methods show lower 

infection rates compared to top grafting, which normally attains infection rates 

of 100% (Moreno et al., 2011; Vanderschuren et al., 2012; Anjanappa et al. , 

2016; Elegba et al. , 2020). 

In view of several observations ofCMD symptoms on improved cassava 

varieties across cassava multiplication centres (Ohawu Agricultural College and 

Asuansi cassava multiplication centre) and confirmation from fanners and other 

stakeholders, it is important to assess the level of resistance of ICVs to CMD in 

the field. Assessing CMD resistance levels of rcvs based on phenotypic 

symptoms can be misleading, thus, use of more robust virus indexing methods 

such as ELISA (enzyme-linked immunosorbent assay) (serology) and PCR 

screening (molecular) were employed in this study. The goal of this current 

study was to assess the resistance or tolerance of21 improved cassava varieties 

to CMD after about 10 to 15 years of their release under natural field conditions 

and artificial inoculation (grafting). 
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Materials and Methods 

CMD resistance evaluation of Improved Cassava varieties under two 

agroecological zoncs 

Planting of ICVs in the coastal savannah and forest ecological zones 

The planting of21 selected ICVs to assess their resistance against CMD 

infection was carried out under the coastal savannah (Ohawu Agricultural 

College) and forest ecological zones (Logba-Alakpeti) during the 2018/2019 

and 2019/2020 cropping seasons. Assessment were done on the incidence and 

severity of CMD in the 21 rcvs and a local variety at each ecology. Infected 

leaves at 3 month after planting were collected from each of the ICVs under the 

two ecologies for two years, and then indexed via serological and molecular 

methods. 

Ohawu Agricultural College is located in the coastal savannah zone of 

Ketti North district in the Volta Region of Ghana and approximately 158 km 

East from Accra and 8 km from Abor. Ohawu primarily shares borders with 

Tadzewu, Kporkuve, Manu, and Torkanu. Geographically, Ohawulies between 

6°7'60" N latitude and 0°54'0 E longitude. The area experiences ·two rainfall 

seasons: starting from April to July and the second from September to October. 

The main soils identified in the district vary from sandy to clay loam, with sandy 

loam and clay loam being the major soils supporting most crops like maize, 

groundnut, cowpea, cassava, rice, plantain, and most vegetables (MoF A, 2019-

2020). 

The ecology of Logba-Alakpeti , has been described under Afadjato 

South Districts (Chapter 3). 
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Planting materials 

A total of 21 ICVs were sourced from Wenchi and Asuansi Cassava 

Multiplication centres and the Teaching and Research Farm of the School of 

Agriculture, University of Cape Coast, Cape Coast. These varieties include 

"Afisiafi, Abasafita, Bronyi, Dodze, AGRA, Amansan, Botan, Abrabopa, Sika, 

IF AD, Nkabom, Esam, Hemaa, Lamesese, Ampong, Doku Duade, TEK, Duade 

Kpakpa, Otuhia, Abelifia and Capevars". In addition to these, two farmer

prefened varieties, "Hushivi" from the coastal savannah ecology and "Biafra" 

obtained from the forest zone were used as control. 

Experimental design and field layout 

The 2 I ICVs and the 2 farmer varieties were planted under rainfed 

conditions in the coastal and forest ecologies. They were planted in a 2* 11 

Alpha Lattice Design with three replicates (Appendix D). A total land area of 

approximately 2489 m2 (19 m x 131 m) was ploughed, harrowed, and 

partitioned into blocks and plots. There was 2 m spacing between each block 

and 1 m spacing between the plots with each plot measuring 4 m x 3 m 

(Appendix D). 

Cultural Practices 

Cassava cuttings that did not sprout after three weeks of planting were 

replaced. Weeding was manually done with a hoe on the 1st, 3rd, and 4th 

1110nths after planting. No fertilizer or insecticide were applied. Serological 

evaluation oflCVs for resistance to CMD were carried out in the two ecologies 

was done from 2018-2020. 
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Each experimental plot had twenty-five (25) plants, out of which, five 

(5) test plants from the inner row of each plot (ICVs and local varieties) were 

randomly selected, tagged and monitored for their responses to CMD for 2 

consecutive years. At 4 Month After Planting (MAP), all the ICVs and the local 

varieties at the two location showed symptoms of CMD. CMD symptomatic 

leaves from all the ICVs and the local varieties were collected at 4 MAP for 

serological evaluation. 

In the first year (2018/2019), 3month old symptomatic fresh leaf 

samples were picked from all 660 (5*3*22*2) test plants per ecology at 3 MAP. 

Each variety consisting of 15 samples was pooled into one sample per ecology. 

[n total, 22 (330/15) samples per ecology were used for serological evaluation. 

The fresh leaves were initially kept in labelled Ziploc bags and placed on ice 

before transfer to a -20C freezer until they were worked on. All 44 samples 

(from both ecologies) were screened using the T AS ELISA procedure as 

described in Chapter 4 for the detection of CMOs. 

Molecular evaluation of ICVs for resistance to CMD in coastal savannah 

and forest ecologies 

In the second year (2019 12020), the same number of samples used in 

the first year were collected in the 4th MAP for molecular evaluation. DNA was 

extracted from all 44 (22samples * 2 ecologies) samples and used for the 

molecular detection of CMOs in each ICV. All 44 samples were screened by 

PCR for the presence of ACMV and EACMV using primers listed in Table 5.1. 

Positive samples were confirmed by gel electrophoresis and viewed under the 

UV gel documentation system (VWR International bvba, VWRS311046, 

Leuven, UK). 
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Morphological and Molecular Evaluation of ICVs against CMD Infection 

after Indexing 

The perfonnance of selected ICVs was confIrmed through indexing 

using grafting. Five plants of each ICV were planted in pots and kept in the 

screen house (to prevent insect attack) for 6 weeks before grafting. In total, 105 

test plants were used for the experiment. A CMD-susceptible variety' Wenchi' 

was used as a rootstock for the graft challenge of the selected ICV s. It should 

be noted that all the ICVs were tested using PCR to determine the absence of 

ACMV and EACMV. The same was done for potted susceptible varieties to 

detect presence of the virus (ACMV and EACMV). Leaf samples collected per 

variety at 3 MAP from all five test and pooled into one sample (totalling 21 

leaves) and screened for AOMV and EACMV. The same procedure (pooling 

and screening) was repeated for all ICVs challenged with CMD-infected 

rootstock. 

Figure 6.1A: Pots containing plants from 21 
ICVs used as scion for grafting at 4 weeks old 
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The side-cleft method of grafting was used as described by Wagaba et 

al. (2013). In this approach, a tangential cleft is made in the main stem of the 

rootstock close to a leaf node. Axillary buds of 3 mm to 6 mm in length were 

excised from virus-free plants with the petiole and leaf attached. Using parafilm, 

the grafted joint were securely tied and covered with a transparent rubber to 
I 

facilitate union and avoid desiccation. The grafts were kept in a humid 
I I 
I 

environment for 4 -7 days after which they were transferred to the screen h0use 
I , 
I 

for observation and data collection. It should be noted that ~oth scions land 

I 

rootstocks were about 6 to 8 weeks old before grafting. Treatment consist9d of 

four "healthy scions on diseased rootstock" and one healthy s6ion on healthy 
I I 
I 

rootstock. All 105 samples (5plants*22varieties) were grafteq for the st4dy. 

Grafted samples were numbered from 1 to 105 with every fifth plant as the 

healthy scion on healthy rootstock. 

A 

Figure 6.2A. Side cleft grafted cassava 
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B 

Figure 6.2B. Artificial humidity chamber used for curing after grafting 

Data Collection 

Serological evaluation of ICVs against CMD in two ecologies in coastal 

savannah and forest ecologies 

Based on the ELISA absorbance values, samples were either declared 

positive or negative for the virus . Samples with an absorbance value more than 

twice that of the negative control were considered positive for the virus 

(Charoenvilaisiri et at., 2021). The various absorbances values obtained for 

each of the samples for TAS-ELISA tests were recorded. 

Morphological and Molecular Evaluation of ICVs against CMD Infection 

after Indexing 

Leaves of grafted ICVs were visually assessed for CMD incidence and 

severity. This was done from 1 to 6 weeks after grafting (WAG) using standard 

severity key by Hahn (1980), UTA (1990), and Ariyo et at., (2005). A total 

number of 105 leaf samples (from grafted rCVs) were picked for molecular 

assessment using PCR. The primers used were JPS lIJSP2 for detecting ACMV 

and JSP1 /JSP3 for detecting EACMV (Houngue et at. , 2019) (Table 6.1). 
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Table 6.1: List of primers uscd In the amplification of CMGs in grafted 
samples 

Pri mers 
JPSI /JSP2 

Sequence 5'-3' 
ATGTCGAAGCGAGGAGAT 

TGTTTATTAATTGCCAATACT 

Virus 
ACMV 

Expected 
(bp) 
770 

JSPIIJSP3 ATGTCGAAGCGACCACCAGGAGAT EACMV 770 

ccrn A TT AA TTTGTCACTGC 

Reference Houngue el al. , 2019. 

Data Analysis 

size 

Ser'ological evaluation of ICVs for resistance to CMD infection in coastal 

savannah and forest ecologies 

Absorbance values obtained from the T AS-ELISA test for the various 

samples were analysed as described earlier in Chapters 4 and 5 respectively. 

Molecular evaluation of ICVs for resistance to CMD in coastal savannah 

and forest ecologies 

The number of grafted plants that showed CMD symptoms and became 

infected were expressed as a percentage of the total number of grafted plants 

(Figure 6.3) . Average severities of the individual grafted plants were used to 

describe the response of each rcv to CMD. The positives and negative results 

from the molecular screening were recorded and presented in percentages. 

PCR thermocycling (Applied Biosystems 2720 thermal cycler) 

conditions were initiated at 94 0 C for 2 minutes, followed by 4 cycles at 94 0 C 

for 1 minute, 550 C for 1.5 minutes. There was an extension for 2 minutes at 72 

o C and a final extension of 72 0 C for 10 minutes and held for 4 0 C. The PCR 

was done in 20 JlL volume and 12 JlL of PCR product loaded on a 1.2 % agarose 
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gel in T AE buffer and viewing under ~ltraviolet light for confirmation of the 
I 

presence of ACMV and EACMV. : 

Figure 6.3: Leaves of some ICV s showing CMD symptoms 30 days after grafting. 
Where a.-Abrabopa, b-Afisiasi, c-AGRA, d-Amansan, e-Ampong, f-Botan, g
Capevars, h-Esam, i-IFAD,j-Sika, k-Lamesese, l-Kpakpa, m-TEK, n-Doku 
duade, o-Bronyi, p-dodze 

Results 

Serological evaluation of ICVs for resistance to CMD in coastal savannah 

and forest ecologies in 2018/2019 

Figures 6.4A and 6.4B show a summary of T AS-ELISA detection of 

ACMV in the 21 rcvs using control varieties from the coastal savannah and 

forest zones respectively. From the results, ACMV was detected in all the rcvs 

and the local variety from the coastal savannah except in varieties Hemaa and 

AGRA. However, all the samples from the forest zone tested positive for the 

virus (Figure 6.4B) 
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Figure 6.4: TAS-ELISA detection of ACMV in 21 ICVs and a control variety from (A) the coastal savannah and (B) the forest zone 

Threshold J:!eg Ctrl*2 

* AO-Arnpong *BO- Botan *LV-Local *Duade Kpakpa *AS-Abasafitaa *ES-Essam *TK-TEK *HE-Hemaa *AB-Abrabopa *DD-Doku duade 
* Neg -Negative *BR-Bronyi * AL-Abelefia *IF-IF AD *OT-Otuhia *LM-Lamesese *SK-Sika * AG-AGRA * AF-Afisiafi *CV - Cape vars * 
Pot-Positive * NK-Nkabom *DO-Dodze *AM-Arnansan 
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Figure 6.5:TAS-ELISA detection ofEACMV in 21 ICVs and a control variety from (A) the coastal savannah and (8) the forest zone 

Threshold Neg Ctrl·Z 

* AO-Ampong *BO-.Botan *LV-Local *Duade Kpakpa *AS-Abasafitaa *ES-Essam *TK-TEK *HE-Hemaa *AB-Abrabopa *DD-Doku duade* 
Neg-Negative *BR-Bronyi *AL-Abelefia *IF-IFAD *OT-Otuhia *LM-Lamesese *SK-Sika *AG-AGRA *AF-Afisiafi *CV- Cape vars 
* Pot-Positive * NK-Nkabom *DO-Dodze * AM-Amansan 
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Figure 6.S represents the T AS-ELISA detection of EACMV in the 21 

ICVs and local varieties from the Coastal Savannah and Forest zones. EACMV 

was detected in the varieties Ampong, TEK, Sika, Local variety, Abasafitaa, 

Amansan, and Esam from the coastal savannah zone (Figure 6.4A) . In the forest 

zones (Figure 6.4B), EACMV was detected in fifteen out of 21 varieties 

evaluated except for Ampong, Lamesese, Botan, Sika, AGR, IFAD, and 

Capevars. 

Molecular evaluation of ICVs for resistance to CMD under in coastal 

savannah and forest ecologies in 2019/2020 

Figures 6.6A and 6.6B summarize the detection .. of ACMV in leaf 

samples from the Coastal savannah and Forest zones respectively. Primers for 

detecting ACMV, ALIIF and ACMV-ARO/R show bands with the expected 

si ze range of 1000 -1030 bp. Lane 1-22 represent samples from the Coastal 

savannah (l-Ampong, 2-Lamesese, 3-TEK, 4-LV, S-Agbelifia, 6-Dodzi, 7-

IF AD, 8-Amansan, 9-Doku duade, 10-Otuhia, ll-Esam, 12-Botan, 13-Bronyi, 

14-Nkabom, IS-AGRA, 16- Duade Kpakpa 17-Abrabopa, 18- Afisiafi , 19-

Abasaafitaa, 20- Capevars, 21 -Sika and 22 - 44 denote the corresponding 

samples from the forest zone. N represents the negative control , P is a positive 

control while M is the I kb DNA ladder. Primers ALl IF and ACMV -AROfR 

detected viral DNA in all the cassava samples from the coastal savannah and 

forest except Amansan and Botan, and Agbelifia and Doku duade respectively. 
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M 1 2 3 4 5 6 7 8 9 1011 121314 15 161 n 8 19 20 21 22 N P 

A 
1030 bp 

M23242526272829303132333435363738394041424344N P 

B 
1030 bp 

Figure 6.6 (A) Amplicon of ACMV obtained from cassava leaves from coastal savannah using ACMV
ALl /F and ACMV-ARO/R primer pairs of size 1030 bp. Lancs 1-22 denote coastal savannah (1-
AIll)long. 2-Lalllcsese, 3-TEK 4-L V. 5-Abclelia, 6-Dodzi , 7-1F AD, S-Alllansan, 9-D. duadc, 10-
Otuhia, 11- Esam, 12- Botan. 13-Bronyi, 14- Nkabolll, \5-Hemaa. 16-AGRA. 17-D. kpakpa, 
IS-Abrabopa, 19-Afisiali, 20-Abasafita, 21-Capevars, 22-Sika) 6.6 (B) Amplicon of ACMV 
obtained from cassava leaves from forest zone us ing ACMV -AL I IF and ACMV -ARO/R primer 
pairs of size 1030 bp. Lanes 23-44 denote Forest zonc (23-Ampong, 24-Lamesesc. 25-TEK 26-
LV, 27-Abelcfia 2S-Dodzi, 29-IFAD. 30-Amansan, 31-D. duade. 32-0tuhia. 33- Esam, 34-
Botan, 35-l3ronyi. 36- Nkabom, 37-Hcmaa., 38-AGRA. 39-D. kpakpa, 40-Abrabopa. 41-
Afisiafi. 42-Abasafita, 43-Capevars, 44-Sika) and N denote the negative control. P denote 
positive while M is I kb DNA Ladder 

The amplicon of EACMV obtained from cassava leaves using 

EAB555/F and EAB555/R primer pairs of band size 540 bp is presented in 

Figures 6.7. Lane 1-22 represents samples from the Coastal savannah (1-

Ampong, 2-Lamesese, 3-TEK, 4-LV, 5-Abelefia, 6-Dodzi, 7-IFAD, 8-

Amansan, 9-Doku duade, lO-Otuhia, ll-Esam, 12-Botan, 13-Bronyi, 14-

Nkabom, 15-AGRA, 16-Duade Kpakpa 17-Abrabopa, 18- Afisiafi, 19-

Abasaafita, 20- Capevars, 21-Sika and 22-44 denote the corresponding samples 

from the Forest zone. N represents the negative control, P is a positive control 

while M is a lkb DNA ladder. Primer EAB555/F and EAB555/R did not 

amplify any of the samples from the two locations. 
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Figure 6.7 (A) Amplicon ofEACMV obtained from cassava leaves from coastal savannah and forest zonc 
using EAB555/F and EAB555/R primer pairs of size 540 bp. Lanes 1-22 denote coastal 
savannah (I-Ampong, 2-Lamesese, 3-TEK 4-LV, 5-Abeletia. 6-0odzi , 7-IFAD, 8-Amansan, 
9-0. duade. 10-Otuhia, 11- Esam, 12- Botan, 13-Bronyi, 14- Nkabom, 15-Hemaa. 16-AGRA, 
17-D.kpakpa, 18-Abrabopa, 19-Atisiati, 20-Abasafita, 21-Capevars, 22-Sika) 6.7 (B) 
Amplicon of EACMV obtained from cassava leaves from forest zone using EAB555/F and 
EAB555/R primer pairs of size 540 bp. Lanes 23-44 denote coastal savannah (23-Ampong, 24-
Lamesese. 25-TEK 26-LV, 27-Abelefia, 28-Dodzi, 29-IFAD. 30-Amansan, 31-0. duade. 32-
Otuhia, 33- Esam, 34- Botan, 35-Bronyi, 36- Nkabom, 37-Hemaa, 38-AGRA. 39-D. kpakpa, 
40-Abrabopa. 41-Afisiati . 42-Abasatita. 43-Capevars, 44-Sika) and N denote the negative 
control , P denotes positive while M is I kb ONA Ladder 

Morphological and Molecular Evaluation of ICVs for resistance to CMD 

Infection by grafting 

All the ICVs were graft-challenged with CMD infected rootstocks of 

Wenchi and showed symptoms ofCMD with varying infection percentages and 

responses after 6-8 weeks. It was observed from Table 6.2 that, Ampong, 

Lamesese, TEK bankye, Abelifia, Dodzi, Amansan, Doku duade, Otuhia, Esam, 

Botan, and Nkabom had three out of the five grafted plants showing symptoms. 

They however responded differently with TEK bankye and Amansan having 

moderate severity (3) and the remaining having mild infections. Ten ICVs 

(Sika, IF AD, Bronyi, Hemaa, Duade Kpakpa, Abrabopa, Afisiafi, Abasafita, 

Capevars, and AGRA) had two out of five grafted plants showing CMD 
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symptoms with all responding mildly to the disease except Duade and AGRA 

that showed moderate infection (3). 

Table 6.2: Side-cleft graft transmission of CMV to 21 improved cassava 
varieties in Ghana 

Number of 
% of grafted PCR Results 

infected CMD 
ICVs plantslNumber 

plants showing 
symptom 

of grafted 
CMD 

severity ACMV EACMV 

plants 
symptoms/ICY s 

Ampong 3/ 5 (3) 60 2 + 
Lamesese 3/ 5 (3) 60 2 + 
TEK 3 / 5 (3) 60 3 + 
Sika 2/ 5(2) 40 2 + 
Abelifia 3 / 5 (2) 60 2 + 
Dodzi 3 / 5 (2) 60 2 + 
IFAD 2 / 5 (2) 40 2 + + 
Amansan 3 / 5 (3) 60 ., + + .) 

Doku 
3 / 5 (3) 60 2 + 

Duade 
Otuhia 3 / 5 (3) 60 2 -I-

Esam 3 / 5 (2) 60 2 -I-

Botan 3/ 5 (3) 60 2 -I-

Bronyi 2 / 5 (2) 40 2 + 
Nkabom 3 / 5 (3) 60 2 + 
Hemaa 2 / 5 (2) 40 2 -I-

Duade 
2 / 5 (2) 

Kpakpa 
40 3 -I-

Abrabopa 2 / 5 (2) 40 2 + 
Afisiafi 2 / 5 (2) 40 2 + 
Abasafita 2 / 5 (2) 40 2 -I-

Capevars 2 /5 (2) 40 2 -I-

AGRA 2/5 (2) 40 3 + -I-

Total 
plants 105 
assessed 

I=No symptoms, 2 = Mild chlorotic pattern on entire leaflets or mild distortion at base of 
leaflets, 3 = Strong mosaic pattern on the entire leaf, and narrowing cllm distortion of lower 1/3 
of leaflets, 4 =Severe mosaic distOition of2/3 of leaflets, and general redllction of leaf size and 
5 =Severe mosaic distortion of 4/5 or more of leaflets, twisted and misshapen leaves 

PCR screening of leaf samples collected from scions of graft-challenged 

plants with primers JPSl/JSP2 (ACMV) and JSP1IJSP3 (EACMV) are 

presented in Figures 6.8 (A-D). Samples in every five sets of wells represent a 
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variety: I -5 represent Ampong, 6- lOis Lamesese, I 1- 15 is TEK bankye, 16-20 

represent Abelefia, 26-30 is for Dodze, 3 I -35 for IF AD, 36-40 is Amansan, 41-

45 is Doku duade and 46-50 for Otuhia. Walls 51-55 represent Esam, 56-60 is 

Botan, 6 I -65 is for Bronyi , 66-70 represent Nkabom while 7 I -75, 76-80, 81-85, 

86-90, 91-95, 96- I 00 and 101-105 represent Heman. Kpakpa, Abrabopa, 

Afisiafi Abasafitaa, Capevars and AGRA respectively. N denotes negative 

control and P is a positive control for all the plates. Generally, the PCR results 

confirmed the presence of ACMV/EACMV in some of the improved cassava 

varieties graft-challenged with CMD-infected rootstocks except in the controls 

(the fifth plant) . 

For CMD screenmg, except for Esam (5 I -55) and Afisiafi (86-90), 

primers JPS 1IJSP2 detected viral DNA in 33 out of 105 samples of all the ICVs. 

ACMV DNA was amplified in each sample of Ampong (1-5) , Lamesese (6-10), 

Sika (16-20), Abelefia (21-25), and Dodzi (26-30). TEK (1 J -15) and IF AD (31-

35) had three and two of their samples being positive for ACMV respectively 

(Figure 6.8). 
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Figure 6.8: PCR screening ofgrafl-challengcd ICVs for ACMV using JSPIIF and JSP2/R primer pairs of 
size 770 bp. Lanes 1-5 denotc Ampong. 6-10 is Lamcsesc. 11-15 for TEK, 16-20 is Sika. 21-
25 is Abelclia. 26-30 is for Dodzi. 31-35 is for IFAD. 36-40 denote Amansan. 41-45 is Doku 
duade, 46-50 for Otuhia, 51-55 is Esam, 56-60 is Botan. 61-65 is for Bronyi. 66-70 denote 
Nkabolll. 71-75 is Hemaa. 76-80 lo r Kpakpa. 81-85 is Abrabopa, 86-90 is Alisiali , 91-95 is for 
Abasa litaa. 96-100 denote Cape vars. 101-105 is AGRA and N denote the negative control. I' 
denote positive while M is I kb DNA Ladder. 

From Figure 6.8 B, the primer pair JSP IIFIJSP2/R, detected one ACMV 

DNA in Otuhia (46-50) and two in Bronyi (61-65) . Varieties Amansan (36-40), 

Duade, (41 -45) and Botan (56-60) had three of their grafted samples testing 

positive to the ACMV. Variety Esam (56-60) however had all its samples testing 

negative to the virus. 
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Figure 6.8 C indicates that primer JSP lIF and JSP2/R detected viral 

DNA in three test plants of Nkabom (66-70), two in each grafted plants of 

Kpakpa (76-80) and Abrabopa (81-85), one in each of Hemaa (71-75) and 

Abasafitaa (91-95) and none in Afisiafi (86-90). 

In figure 6.80, the primer detected viral DNA in one test plant of 

Capevars (96-100) and AGRA (101-105) with the remaining test plant being 

negative. 

A D 

r:igure 6.9: PCR screcning ofgraft-cha\lcngcd ICVs for EACMV using JSPl fr: and JSP3fR primer pairs 
ofsizc 770 bp. Lanes 1-5 denote Ampong, 6-10 is Lamesese, II-IS for TEK, 16-20 is Sika. 
21-25 is Abclelia, 26-30 is for Dodzi , 31-35 is for IFAD, 36-40 denote Amansan, 41-45 is 
Dokll dllade, 46-50 for Otllhia, 51-55 is Esam, 56-60 is 130tan, 61-65 is lor I3ronyi, 66-70 
denote Nkabom, 71-75 is Hcmaa, 76-80 for Kpakpa, 81-85 is Abrabopa, 86-90 is Atisiali, 91-
95 is for Abasafitaa, 96-100 denote Capc vars, 10 I-I 05 is AGRA and N denote the negative 
control, P denote positive while M is I kb DNA Ladder. 

Figure 6.9 indicates amplicons ofCMD-EACMV obtained from grafted 

ICVs using JPS IIJSP3 primer pair of band size 770 bp. In all the 105 grafted 

plants, only three IeVs had one of their test plants testing positive to EACMV. 

These three include Amansan (36-40) (Figure 6.9 B), Abrabopa (81-85) (Figure 
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6.9 D), and AGRA (101-105) (Figure 6.9 E). The rest of the test plant tested 

negative to EACMV. 

Discussion 

Serological Evaluation of Improved Cassava Varieties for resistance to 

CMD in two ecologies in year 1 - 2018/2019 

Evaluation of disease tolerance or susceptibility in cassava cultivars 

based on visual symptoms can be misleading because CMD symptom 

expression is influenced by the envirolID1ent, genotype, plant age, and viral 

isolates (Hillocks & Jennings 2003). The use of serological and molecular 

methods in addition to symptom monitoring presents a robust approach to 

screen cassava cultivars for resistance to CMD. Majority of the 21 improved 

varieties used in the present study are reported to exhibit resistance to CMD in 

Ghana (Catalogue of Crop Varieties Released & Registered in Ghana 2019). 

However, evaluation of their resistance to CMD using serology revealed that 

about 85% of the improved varieties were susceptible (tested positive) to 

ACMV antibody whiles about 50% of all the samples tested positive to the 

antibody of EACMV. This confirms other reports that ACMV species is the 

most prevalent in most West African countries (Fondong et al. , 2000a; Pita et 

al., 2001a; Ogbe et al., 1997,2003). In Ghana, Torkpo et al., (2017) has also 

concerted that ACMV is the most common CMGs found in fmmers ' fields . The 

.. 
50% detection of EACMV iri improved varieties indicates that, although 

ACMV is prevalent, EACMV is becoming widespread in farmers' fields in 

Ghana as seen in the study. 
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Generally, the number of samples that tested positive for ACMV and 

EACMV from the forest zones was more than that of the coastal savannah. This 

observation could be a result of, high temperature and high rainfall that was 

observed in the forest zone during the fifth month (5MAP) of 2018 when the 

leaves were collected for testing (Appendix q . Though the temperature was 

high (26.0 0q, the high rainfall lowered the temperanu'e leading to increased 

infection and severity as observed by Gerik et al. (1990) and Chellappan et al. 

(2005) . 

Among the improved varieties, only "Hemaa" obtained from the Coastal 

savannah tested negative for both ACMV and EACMV. This may be due to low 

virus titres that might have prevented ELISA detection. This observation does 

not indicate resistance in Hemaa since the variety tested positive in the 

subsequent experiments in the second year (2019). Low virus titres in leaf 

tissues can lead to non-detection ofCMGs in cassava plants as observed in other 

studies by Were, Winter & Maiss (2004), Fargette et al. (1987) and Fargette et 

al.(1994). 

Molecular Evaluation of ICVs for resistance to CMD in two Ecologies in 

year 2 - 201912020 

In confirming the performance of all the improved varieties, a more 

specific, reliable, and sensitive detection technique thus, PCR was used in the 

second year (2019) to detect virus DNA at both locations. Specifically, primers 

ACMV-ALl /F, ACMV-ARO/R and EAB555/F, EAB555/R which detect only 

ACMV and EACMV were used (Zhou et al., 1997; Chikoti, Tembo, Chi sola, 

Ntawuruhungu, Ndunguru, 2015). PCR screening in the second year detected 

CMGs in 20 (90%) out of 22 improved cassava varieties and the local variety 
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(landrace). Single infection of ACMV was the most common in the improved 

varieties and the landrace tested similar to other studies conducted in Africa 

(Ogbe et al. , 1997, Chikoti et al., 2015 ,). Although all 21 varieties tested have 

been reported to be resistant to CMD during release, no variety devoid ofCMD 

was observed, indicating that CMD resistance has likely broken down. None of 

the samples from the two locations (Ohawu and Logba-Alakpeti) tested positive 

for EACMV (Figure 6.7) . This may be due to the absence of EACMV or low 

accumulation ofEACMV DNA in the other lCV samples tested. It was noticed 

that PCR screening of samples did not detect EACMV in some improved 

varieties that had tested positive to EACMV using ELISA in the previous year 

(2018). The primer used for detection of EACMV in this study, EAB555/F, 

EAB555/R amplifies the DNA-B component ofEACMV, thus, the absence of 

EACMV DNA-A in field samples might be misleading. Similarly, a study by 

Mabasa (2007) in South Africa failed to detect a new strain of ACMV. 

However, pseudo-recombination, where the DNA-A component of one species, 

co-occurs and trans-replicates the DNA-B component of another virus of the 

same species can occur in mixed infections of ACMV and EACMV. These are 

common in the field (Pita et al., 2001; Bull et al., 2007; Patil & Fauquet , 2009). 

Morphological (Indexing) and Molecular Evaluation ofICVs for rcsistance 

to CMD Infection 

Several authors have investigated the resistance of cassava varieties to 

CMD under natural occurrence (Okogbenin, Porto, Egesi, Mba, Espinosa, 

Santos ... 2007; Bi, Aileni & Zhang, 20 I 0). A major limitation of this approach 

is the low level of infection because only whiteflies transmit the disease under 

field conditions besides the use of infected planting materials/cuttings 
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(Houngue, Pita, Ngalle, Zandjanakou-Tachin, Kuate, CricaL . . 20 19; Asare, 

Galyuon, Asare, B., Sarfo, Tetteh, 2014). It has been reported by Rwegasira and 

Chrissie (2015) that, CMD transmission by whiteflies is limited by their 

population at the experimental site and this affects incidence and severity. 

Furthermore, the age of the plant at infection and the environmental conditions 

on the prevailing field also affect CMD severity (Fargette, Fauquet & 

Thouvenel 1988). 

In assessing the resistance levels of rcvs to CMD several years after 

their release (About 10 year (Torkpo el al. 2017), they were put to test by 

grafting them onto rootstocks carrying mixed CMG infection. Within a period 

offour weeks after grafting (4WAG) all the rcvs showed CMD symptoms but 

at varying percentages confirming Wagaba, Beyene, Trembley, Alicai, Fauquet 

& Taylor (2013) and Fondong (2017) that most cassava varieties show CMD 

between 9 days and 3 months after grafting. Phenotypically, most of the rcvs 

showed mild infection to CMD at the 4WAG. TEK, Amansan, Abrabopa, and 

AGRA varieties showed moderate infection to CMD. However, according to 

the molecular analysis using PCR, none of the improved varieties were 

completely resistant to CMD except Afisiafi and Esam. 

All the rcvs tested positive to ACMV except the two varieties: Afisiafi 

and Esam indicating the prevalence of ACMV in Ghana as reported by Fondong 

el al. , (2000a), Pita el aI. , (2001 a), Ogbe et aI., (1997, 2003) and also confirmed 

by Torkpo et al.,(2017). It should be noted that all the rcvs used in this study 

are supposed to be resistant to CMD (Asare et al., 2014; Appiah, 2015). Apart 

from Afisiafi and Esam, each of the rcvs had either one or more of their 

replicate showing mild or moderate infection and testing positive to ACMV, 
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therefore susceptible to ACMV. However, none of the ICVs tested positive to 

EACMV except Amansan, Abrabopa, and AGRA which had one of their 

replicates testing positive to EACMV and therefore showed moderate infection. 

This is in line with a study by Fondong (1999) and Fondong (2017), where three 

IlT A improved varieties showed mild infection to CMD and moderate to severe 

infection under mixed infection with ACMV and EACMV. The non-detection 

ofEACMV in the ICVs tested could be due to the low concentration ofEACMV 

DNA in these varieties. Reports by Patil and Fauquet (2015a) and Kuria, lIyas, 

Ateka, Miano, Onguso, CaITington, and Taylor (2017) concluded that improved 

varieties accumulate fewer viral pmiicles compared to susceptible ones. 

Therefore, apart from the three ICVs: Amansan, Abrabopa, and AGRA, the 

remaining ICVs may be considered resistant to EACMV. 

Conclusion 

Based on serological evaluation of the 21 varieties, ACMV was not 

detected in only 2 varieties: Hemaa and AGRA in the coastal savannah. For 

EACMV, 7 out of 21 ICVs (Ampong, TEK, Sika, Lamesese, Abasafita, 

Amansan, and Esam) tested positive in the coastal savannah compared to 14 out 

of 21 testing positive to EACMV in the forest zone. Thus, most of the ICVs 

tested in this study are susceptible to both ACMV and EACMV with 

susceptibility increasing under the Forest conditions. 

PCR screening of the lCVs for ACMV and EACMV in the second year 

confirmed the susceptibility of all the 21 rcvs except Amansan and Botan to 

ACMV in the coastal savannah and Abelefia and Doku duade in the forest zone. 

However, the absence of EACMV in all the lCVs except Amansan, Botan, 

Abelefia, and Doku duade based on PCR screening suggests that most of the 
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ICVs are resistant to EACMV . Therefore, the development of ACMV resistance 

in improved cassava varieties that show tolerance or resistance to EACMV can 

extend their cultivation and use as food by farmers in Ghana and Africa. 

Furthermore, cultivation of varieties with resistance against both ACMV and 

EACMV will reduce yield loss and possibly increase farmers' incomes. 

Lastly, results from this study highlight the need to carry out periodic 

surveillance of plant diseases especially virus diseases on cassava in farmers 

fields across the country. The evaluation of the level of resistance of the 

improved varieties should be carried out regularly to prevent the total 

breakdown of developed resistance in varieties cultivated by farmers in the 

field. 
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CHAPTER SEVEN 

SUMMARY, GENERAL CONCLUSION AND RECOMMENDATIONS 

Summary 

The first goal of this study was to determine farmer awareness of 

Cassava Mosaic Disease (CMD), management practices, knowledge and use of 

released improved/resistant cassava varieties by farmers in six districts (two 

districts in the coastal (Akatsi South and Adaklu), forest (Afadjato south and 

Bohoe) and Guinea savannah zones (Krachi East and Krachi Nchumuru)) in the 

Volta Region of Ghana. A structured questionnaire was used for data collection. 

All the 180 farmer respondents in the study area had knowledge of CMD but 

did not know the cause (51 farmers) and ways to manage (24 out of 51 farmer) 

the disease on their fields. Furthermore, fanners' were aware of the existence of 

rcvs but did not cultivate the rcvs due to availability and some undesirable 

traits such as woody tubers, palatability issues, unsure about the yield and 

disease and colour issues. 

The second objective of the study was to assess the prevalence and 

spatial distribution of CMD, the abundance of whitefly population in farmers' 

fields, and associated Cassava Mosaic Geminiviruses (CMGs) in the Volta 

Region. A field survey was carried out to assess the incidence and severity of 

CMD in cassava farms in six districts in the Volta Region. The abundance of 

whitefly populations in fanners'fields was estimated. T AS-ELISA was used to 

determine the associated CMGs in 2700 leaf samples (30*90 farms: 2250 

symptomatic and 450 asymptomatic). CMD incidence was endemic, almost 

reaching 100% in most of the fields surveyed with severe symptoms. 

Widespread use and exchange of local varieties which are susceptible to CMD 
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and high whitefly populations in the study area might account for the high 

incidence of CMD in farmers' fields . T AS-ELISA screening of leaf material 

revealed a high incidence of ACMV and EACMV with a high incidence of co

infection with ACMV and EACMV. 

The use of PCR, RCA and illumine sequencing to characterise the 

genetic diversity of CMGs in the six districts in the Volta Region revealed high 

levels of single ACMV infection and 20% of mixed infection with ACMV and 

EACMV. Mixed infection with ACMV and EACMV was common in the two 

Savannah agro-ecological zones. This could be due to the susceptibility of 

cassava cultivars grown by farmers in those areas. Full genome sequencing 

resulted in the detection of twelve isolates, with three on each DNA-A and 

DNA-B of both ACMV and EACMV. The isolates had a close identity to 

isolates from other West African countries (Nigeria, Cameroon, Burkina Faso 

and Ghana isolates) . 

Lastly, the final goal of the study was to assess the performance of 21 

rcvs to CMD several years after their cultivation by farmers. The 21 ICVs 

including a local variety were planted (2018-2019) in the coastal and forest 

zones and their CMD resistance was evaluated serologically using ELISA. The 

same 21 ICVs including a local variety were evaluated and biologically indexed 

in the second year (2019-2020). Leaf samples from the evaluation and 

biologically indexed plants were molecularly assessed. Samples from 

biologically indexed plants were subjected to a serologicaiJest (T AS ELISA). 

[n the first and second years, only Botan tested negative for ACMV and 

EACMV in T AS ELISA, PCR and biological indexing indicating resistance to 

CMD. 
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General Conclusions 

The key findings from the research are summarised below 

From the study, it was found that the majority of farmers had either 

heard of CMD or experienced the disease on their fields , thus ~ they could 

recognize the symptoms on cassava in their farms. However, the farmers' 

inability to adopt management or control strategies to reduce CMD on their 

farmland might have resulted in the high prevalence and incidence of CMD 

recorded in the surveyed districts in this study. The low percentage of farmers 

planting improved cassava varieties on their farms due to either undesirable 

traits or scarcity of planting materials meant that the majority of farmers planted 

local CMD-susceptible varieties exacerbating the prevalence of CMD in the 

region. This result highlights the need for researchers and farmers to work 

together during the breeding stages in selecting improved lines or varieties for 

release. This approach might lead to higher adoption rates and acceptability of 

recently released improved cassava varieties. 

A field survey of cassava farms in six districts in the Volta Region 

revealed a high incidence and severity of CMD, as well as a high whitefly 

population. Both CMD symptomatic and asymptomatic leaves tested positive 

for ACMV or EACMV with high levels of co infection with both species. 

Molecular characterisation of the ACMV and EACMV species using the 

Illumina MiSeq platform identified twelve full length genomes which showed 

high similarity to ACMV and EACMV species from West Africa. 

To manage CMD in Ghana, a number of improved varieties have been 

released and have been cultivated by farmers. Assessing the resistance/tolerance 

levels ofa selection of twenty-one of these improved cassava varieties to CMD 
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in the coastal and forest agro-ecological zones and screen house showed varying 

tolerance levels to CMD. None of the rcvs consistently tested negative for 

ACMV and EACMV in the first and second years using three different 

screening techniques (T AS-ELISA, PCR and graft challenge with infected 

rootstocks). Based on this result, most of the rcvs are showing mild to moderate 

CMD infection. 

Recommendations 

Although all the cassava farmers interviewed in the study had experienced 

CMD on their farms, about 74.4% did not implement any management 

practices. Stakeholders should invest in regular education of farmers on how to 

implement CMD management or control practices on their farms . 

The number of multiplication centres for improved cassava varieties/seed 

in the region should be increased to ensure the availability of planting material 

for fanners all year round. A yearly audit of supplied planting material should 

be carried out by MoF A, Research institutions and other stake holders to 

monitor quality and identify off-types. 

Since the prevalence of CMD was high in the studied areas, it is 

recommended that epidemiological surveys for CMD be conducted regularly 

(every 2 years) to detect new isolates or species present in cassava fields. This 

will prevent outbreaks that threaten the food security of smallholder farmers 

who depend on the crop for sustenance. 

Quarantine laws should be enforced at the borders to reduce the influx 

and exchange of cassava planting materials across neighbouring countries 

without proper sanitation checks. In addition, this will prevent the import of 

other CMG strains into Ghana leading to pandemics that affect food production. 
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Stakeholders should patronise the use of clean planting materials that can be 

scaled through the use of plant tissue culture. Research institutions with capacity 

(human and infrastructure) such as Biotechnology and Nuclear Research 

Institutions (BNARI) and others should be engaged regularly to produce 

planting materials for farmers in Ghana. 

All these efforts in combination with education can reduce the 

incidence of CMD and other viral diseases in Ghana. 
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APPENDICES 
APPENDIX A: SURVEY QUESTIONNAIRE 

UNIVERSITY OF CAPE COAST 
SCHOOL OF AGRICULTURE 

CROP SCIENCE DEPARTMENT 
This interview schedule is designed to solicit information about your encounter 
with the CMV disease Cassava fields. I would therefore ask you few questions 
about your cassava production practices especially disease control measure. 

District ....... . . AEZ ......... COMMUNITy .......... . ......... No .... . 

Please provide in/ormation about your cassava management practices 
1. Gender 

a) Male [ ] 

b) Female [ ] 

2. Age at last birthday .. .. .. .... .... .. .. ..... years 

3. What is your highest level of Education? 

a) No formal education 

b) N on formal 

c) Forman education 

4. Non formal education 

Artisanal training 

Numeracy training 

Literacy training 

5. Formal education 

a) Primary 

b) JHSIMLSC 

c) SSS/SHS 

[ ] 
[ ] 
[ ] 

[ 1 
[ 1 
[ 1 

[ ] 
[ ] 
[ ] 

d) Tertiary [ ] 

if Non formal go to question 4 

if Formal go to question 5 

6. How many years have you been planting Cassava? ... . .. years 

7. What is the size of your land? ................. acres 

8. What variety of cassava do you use in planting? 

a) Local [ 1 
~Improv~ [ ] 

c) Both [ ] 

(d) Others [ ] 

9. Iflocal what is the name ........ .. ...... . 

10. Do you intercrop 

a) Yes [ ] 

b) No [ 1 
II. What do you intercrop? 

a). Maize [ ] 

b). Cowpea [ 1 
c). Groundnut [ 1 
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.d) Potato [ ] 

12. What do you plant cassava for? 

a) Fufu [ ] 

b). Dough [ ] 

c). Gari [ ] 

d). MUltipurpose [ ] 

13. Have you ever had any disease(s) attacking your farm? 

~Y~ [ ] 
b) No [ ] 

14. Rate the following symptoms into less common or most common 

experienced in your field 

Most seen 
Mosaic 

Yellowing 

Curling 

Rotten tubers 

Whitish 

substance/insects 

Shedding of leaves 

Necrosis 

Stunted 

l(Less common) 2 (Most common) 

Knowledge of Cassava Mosaic Virus Disease 
Explain tile symptoms to the farmer alUl show pictures of 
symptoms to tllefarmer 

15. Have you heard of Cassava Mosaic Virus Disease before? 

a) Yes [ ] 

b) No [ ] 

16. Do you know the causes of the disease? 

a) Yes [ ] 

b) No [ ] 

1 7. I f yes, what are the causes? 

Causes of disease Choose as many as applicable 

White flies 

Nature of plant 

Soil borne 
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Spraying Chemical 

Untimely weeding 

18. Do you know the name of the disease(s)? 
a) Yes [ ] 
b)No [ ](ifnoanswerll) 

19. What name do you call this disease in this community? 
a) Ayifle [ ] 

b) Dayo [ ] 
c) Kafu [ ] 

d)Kwata 

e) Mosaic 
f) Nkuko 
g) Nsonso 

h) Zongolachichi 

i) Others 
j) No idea 

[ ] 
[ ] 
[ ] 
[ ] 

[ ] 
[ ] 
[ ] 

20. At what month do you encounter the disease? 

a) first 3 month after planting [] 
b) 3-6 months after planting [ ] 

c) 7-9 months after planting [] 
d) others [ ] specify 

Management of CMVD 
21. Have you been controlling CMVD 

~Y~ [ ] 
b)No [ ] 

22. Ifno, why not? 

a) High cost of pesticide 

b) No effect after use of pesticide 

[ ] 

[ ] 
c) Recovers [ ] 

d) No idea controlling [ ] 

23. If yes, how have you been controlling the disease? 

a)Pesticide application 

b) Removal of infected plant 

c) Use of improved variety 

d) Detopping 
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24. Did the control measure work? 
a) Yes 

b)No 
[ ] 
[ ] 

25. I-lave you received tra ining on the management of CMVD in your 
farms? 

a). Yes [ ] 

b). No [ ] 

26. If yes, who gave you the training? 

a). MoFA [ ] 

b). NGO [ ] 

c) . Crop Research Institute (CRr) [ ] 

d). Universities [ ] 

e). Others.. .. ..... .[ ] 

Knowledge on Improved Varieties 
27. Are you aware there are improved/resistant varieties to control the 

disease? 

a)Yes 

b) No 

[ ] 
[ ] 

28. Mention the improved varieties received/ you have heard of or 

know .. . . . . . . .. . . 

29. Have you ever planted any of those before? 

a) Yes [ ] 

b)No [ ] 

30. If yes which of the following varieties have you planted before? 

a) CAPE V ARS [ ] 
b)Ampong 

c) Bankye botan 

d) Sika 

e) Ankra 

f) Others 

state .... . .... . .... . 

[ ] 
[ ] 
[ ] 
[ ] 
[ ], please 

31. Did you record an increase in yield when you planted improved 

variety (ies)? 

a) Yes 

b) No 

[ ] 
[ ] 

c) Do not know [ ] 

32. Did you notice any disease symptoms when you planted the 

improved varieties 

a) Yes 

b) No 

[ ] 
[ ] 

33. Which of the improved varieties is/are more susceptible to CMD? 

a) Ankrah [ 1 
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b) Ampong 

c) Sika 

d) Afisiafi 

e) Bosom esia 

f) Others 

34. Do you still plant the variety? 

a) Yes 

b) No 

35. If No why are you not using/planting it? 

a) It is expensive 

b) Not tasty 

c)Too white 

d) Too yellow 

e) The texture is less elastic 

f) Difficult accessing it 

g) Woody 

h) Others 

[ 1 
[ ] 

[ 1 
[ ] 
[ ] 

[ ] 

[ ] 

[ ] 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 

Source and Selection of Planting Materials 
36. Where do you get your planting material from? 

a. NGO [ ] 

b. Own farm 

c. Family and Friends 

d. MoFA 

e. Research institutions 

[ ] 
[ ] 
[ ] 
[ ] 

f. Universities [ ] 

37. How do you select your planting material? 

a.) Select disease free [ ] 

b) Appearance/ healthy looking [ ] 

c) High yielding [ ] 

d) Availability [ ] 

e) Others [ ] 
38. Have you ever been trained on how to select healthy cassava 

planting material 

a) Yes 

b) No 

39. If yes by who? 

a) MoFA 

b)NGO 

c) CRJ 
d. Universities 

e. Others 

[ ] 
[ ] 

[ ] 
[ ] 
[ ] 

[ ] 
[ ] .. ... .... . 

40. If No, would you be interested to receive such training? 
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a) Yes 

b)No 
[ 1 
[ 1 

41. In selecting the material from the farm, do you consider CMD-free 
material? 

a) Yes [ ] 

b)No [ 1 

42. Give reasons for your answer? 

a. Drought [ ] 

b. Soil borne [ ] 

c. Shortage of planting materials [ 1 
d. Recovers [ 1 
e. Chemicals [ 1 
Assess to Extension servicesfFBO membership 

43. Do you get extension services 

a) Yes 

b) No 
[ ] 
[ ] 

44. How often do you get extension officer visiting? 

a) Once a week [ ] 

b) More than twice a week 

c) Once in a month 

d) Once in a while 

45. Are you part of any FBO 

a) Yes 

b)No 

46. What do you do as an FBO 

[ 1 
[ ] 
[ ] 

[ ] 
[ ] 

a) Sharing cassava production ideas [ ] 

b) Exchanging or sharing planting materials for members [ ] 

c) Marketing of food products [ ] 
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APPENDIX B 
i). 

Table 3.3. FaJ'm characteristics and access to extension services 

Variab le 

a) Years in cassava production 

]-5 

6-10 

11 -] 5 

16-20 

Above 20 

Total 

b) Land size 

1-2.9 

3.0-4.9 

Above 5 

Total 

c) Varieties planted 

Local Va rieties (LV) 

Improved Va r ieties (IV) 

Both Varieties (BV) 

Total 

d) Names ofIV planted with LV 

Abasafita 

Ampong 

Bosom esia 

Ank ra 

Sika 

Afisiafi 

202 

Frequency f Percentage % 

30 

65 

39 

27 

19 

180 

59 

109 

12 

180 

135 

0.0 

45 

180 

2 

14 

6 

25 

19 

9 

16.7 

36. 1 

2 1.7 

15 

10.5 

100 

32.8 

60.5 

6.8 

100 

75 

0.0 

25 

100 

4.8 

34.5 

14.6 

70 

46.3 
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Total ** multiple responses 

e) Intercropping 
Yes 

No 

Total 

f) Crops intercropped 

Maize 

Cowpea 

Groundnut 

Vegetable 

Total 

g) Purpose of planting cassava 

Dough 

Gari 

Multipurpose 

Total 

ii). 

75 

102 

78 

180 

65 

14 

14 

9 

102 

3 

32 

145 

180 

Yes 

. IN-o 

145.9 

56.7 

43.3 

100 

63.7 

13.7 

13.7 

8.8 

100 

1.7 

17.8 

80.6 

100 

Fig. 3 .2. Respondents 'Who had Kno'Wl"dge/ expeliellc" Cl\-ID 

iii. 
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Table 3.6. c.·osstab of most common local name of CMD 

Districts 
Akatsi Afadjato Krachi 
South Adaklu Hohoe south east Nchul11urtl Total 

Local name of eM D 
Ayifle 0 16 0 0 0 3 19 
Dayo 0 0 4 0 0 0 4 

Kwafo 0 0 0 0 8 0 8 
Kwata 0 0 4 0 14 0 18 
Mosaic 3 I I I I 0 7 
Nsoson 0 0 0 0 0 7 7 

Zongolachichi 25 3 2 6 2 2 40 
Kokobi 0 0 0 0 2 0 2 
Quateri 0 0 0 0 3 0 3 
Edzekpo 0 4 0 7 0 0 II 

Total 28 24 II 14 30 12 119 

iv)Table 3.7. Crosstab between Highested ucation*whetherthcymanage 

H ighested ucation * *whethertheymanage 

Haveyoubeenmanaging? 

Yes No Total 
Highest 
education 

Non-formal 10 74 84 
Formal 36 60 96 

Total 46 134 180 

v)Table 3.8. Crosstab between Haveyoubeenmanaging*Formaled ucation or 

Management of discasc*Fo rmal education 

Haveyoubeenmanaging? 

Yes No Total 

Formal education 

Primary 15 41 56 
JHS/MLSC 9 16 25 
SHS 8 3 I I 
Tertiary 4 0 4 

Total 36 60 96 
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vi)Table 3.9. Crostab management practices and their result 

Didthectrlwork 
Ifyeshow No Yes Total 
Pesticide 3 0 ~ 

.> 

Roguing 17 18 
De-toping 26 4 30 

****Multiple responses 

vii. Table 3.13. Reasons respondents consider or not consider eM D in selecting PM 

Give re.flso n for 
your answer 

In selecting planting Shortage of Soil Rec 
material do you consider planting Dro born over High 
CMD material ught e s ~ ield 

Yes 0 0 0 0 43 
No 100 4 4 29 0 

Total 100 4 4 29 43 
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APPENDIXC 

Climatic Data 
i) 

Annual (2018) Rainfall for Coastal savannah and Forest zone 
250 

200 

,...... 
E 
E 150 
'-' 

50 0 19.4 59.9 4.9 50.7 4.4 7.8 77.9 210.1 46.2 0 10 

o 
o 1 34. 

I 1 .5 1 .217 I 5 I 1 .2 2 5 I 3 I 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Months 

• Coastal Savannah Forest Zone 

Figure 6.22. Annual rainfall for Coastal savannah and Forest zone (2018) 

ii) 

Annual (2018) Temperature for coastal savannah and Forest 
zone 
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Figure 6.23. Annual Temperature for Coastal savannah and Forest zone (2018) 
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iii. 
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Figure 6.24. Annual rainfall for Coastal savannah and Forest zone (2019) 

IV. 
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Figure 6.25. Annual rainfall for Coastal savannah and Forest zone (2019) 
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APPENDIXD 
Field layout for multilocational evaluation 
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