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PREFACE 

 

 

This dissertation on “FARMER PARTICIPATION IN RESEARCH-FOR-DEVELOPMENT TO 

ENHANCE CASSAVA PRODUCTION IN CAMEROON” is the result of my research from 

2001 to 2012 under researcher and farmer management and involving stakeholders and actors in 

cassava value chain.  

With rapid population increase, Cameroon agriculture faces the challenge of producing enough 

food to meet increasing demand. Cassava is a crop with potential to achieve this demand but has 

generally unstable yields due to biotic and abiotic constraints.  

To aid understanding of cassava performance and adoption, this thesis is organized into ten 

chapters focusing on evaluation, criteria for variety preference with associated technologies to 

enhance production.  

Compilation and presentation of results from this study was with support of the Japanese 

Government through Japan Society for the Promotion of Science (JSPS) Ronpaku Fellowship 

Program.  

In recognition of dedicated support to my studies, this thesis is dedicated to my sister Mrs. 

Henriette NGONGA. 
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ABSTRACT 

 

Farmer Participation in Research-for-Development to Enhance Cassava  

Production in Cameroon 

Emmanuel K. NJUKWE 

 

Cassava (Manihot esculenta Crantz) is a staple food crop in Cameroon and cultivated mainly 

for its starchy roots consumed raw, boiled or processed, but also for its leaves which serve as 

vegetable. Despite its importance, the yield gap is often large due to many challenges that 

include low soil fertility and the use of traditional production techniques while local varieties 

are susceptible to pests and diseases. To overcome these challenges, there have been efforts 

to introduce and evaluate several cassava varieties since the early 1980s for root yield and 

other agronomic characteristics, to identify high-yielding varieties for dissemination. A few 

of the promising varieties were tested with farmers in collaboration with extension officers, 

but adoption was not successful, mainly because farmers were not involved in the selection 

process prior to dissemination. 

In 2001, 290 cassava clones were brought to Cameroon from IITA Ibadan, Nigeria, and 

evaluated in on-station and in on-farm, participatory trials. A socio-economic study was 

carried out to learn farmer criteria for cassava variety preference. (On-station evaluation was 

conducted in Mbalmayo between 2001 and 2004) In 2004 eleven varieties were selected from 

the initial several hundred for their agronomic characteristics as well as pest and disease 

resistance. Prior to on-farm testing, farmers in Mbalmayo visited the on-station trial at the 

vegetative and harvest stages for further selection of varieties manageable under farm 

conditions. Of the eleven, 6 varieties (8085, 88071-3, 92/0057, 92/0326, 96/0023 and 

96/1414) were retained, based on yield performance, disease resistance and growth 

characteristics. 

On-farm participatory evaluation was conducted in 2004 and 2005 with 30 farmers and in 

five regions in 2006, where farmers evaluated the six improved varieties. Sensory quality 
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data was successfully collected from all trials. Analysis of agronomic and sensory data 

showed that farmers generally preferred high yield, good mealiness, pest and disease 

resistance, early-maturity and ease in peeling, but regional preference varied for the 

branching habit, plant height, leafiness/plant canopy cover, long stem storage and root 

storage quality. These criteria in farmer preference were incorporated into the selection 

process to facilitate the policy dimension toward the official release of 5 varieties (92/0326, 

92/0057, 96/0023, 96/1414 and 92/0067) and for their qualities and suitability in controlling 

cassava green mites. This selective process showed that future cassava evaluation could 

accelerate with farmer involvement at the earlier stages of varietal selection. 

 

To meet with the increased productivity of improved varieties, 80 manual and 20 motorized 

cassava chippers were improved and manufactured locally, tested with farmers, and delivered 

to about 1500 farmers in 35 villages in 10 regions of Cameroon. The chippers were made 

with locally available, low cost material, easy to repair/clean, manually driven with no 

additional fuel cost, mobile, and easy to carry and share with other farmers in rural and 

inaccessible areas without electricity. Because of the smallholder nature of farming systems 

and the low farmer density in more inaccessible areas, investment in immobile and motorized 

cassava processing equipment is often not economically justified by the production capacity 

in many areas of Cameroon. 

Despite these initiatives, full development of the cassava sector faced several challenges, 

such as poor organization and planning, limited access to credit and the market, and high 

transportation and transaction costs. To address these shortcomings, value chain approach 

was adopted that guarantees the coverage of production to consumption and considers all 

groups from farmers to consumers, including traders, transporters and processors and 

developed a variety of cassava processing techniques to broaden the range of products 

derived from cassava. Stakeholders’ platform was instituted as a mechanism for appropriate 

knowledge sharing so that smallholder farmers learned to organize themselves and work as 

legitimate groups and operate independently.  

 

A case study in Mbouda indicates that before year 2000, cassava marketing was on individual 

basis and dominated by traders from Central Africa Republic (CAR), Gabon and Congo 

Brazzaville. Supply was insufficient and irregular while quality was poor, coupled with 
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irregular payment and varying prices as well as high transportation costs. In this study, group 

marketing was promoted and linkages among actors, and a women’s group were initiated in 

Mbouda by 10 female traders, and collection points were set up in neighboring villages. 

Cassava chips from retailers were sorted, graded and milled in a warehouse for export to 

Libreville and Port Gentile in Gabon and Congo Brazzaville with a small portion for 

domestic markets. Farmers were encouraged to work in co-operatives, and to set a minimum 

selling price to limit unfair competition between them, and to avoid being cheated by other 

producers and traders.  

 

The future of cassava in Cameroon is bright, but depends very much upon development of 

improved products to meet the expectations of producers, transporters and consumers and on 

its suitability for alternative uses. There is also need to build producer capacity for 

commercial farming designed to explore market opportunities, but there is no need to spend 

resources on improving production on the farm if the transportation of the product is 

expensive or the processing and marketing are inefficient. 
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CHAPTER 1 

INTRODUCTION 

 

 

1.i. Cassava introduction in Africa 

Cassava (Manihot esculenta Crantz) was introduced into Africa by Portuguese traders from 

Brazil in the 16th century (Okigbo, 1980). From there, cassava was diffused by Africans to 

reach many parts of the interior over the space of two to three hundred years (Carter et al., 

1997). Cassava spread across the continent, and is now found in almost all parts of tropical 

Africa where conditions are suitable for its cultivation; it has replaced traditional staples (IFAD 

and FAO, 2000). Currently, about half of the world production of cassava is in Africa and 

cultivated in around 40 African countries, stretching through a wide belt from Madagascar in 

the Southeast to Senegal and to Cape Verde in the Northwest with over 70 percent harvested in 

Nigeria, the Democratic Republic of Congo and Tanzania (IFAD and FAO, 2000). 

 

Cassava is an important root crop with perennial storage organ that provides a basic daily 

source of energy to the smallholder farmers and small income from processed products (CIAT, 

1996; Nweke, 1998). Its ability to produce a high amount of starch per unit area compared to 

other starch crops (Tonukari, 2004) and its tolerance to marginal soils and flexibility in 

harvesting dates make it a popular crop amongst smallholder farmers (Henry and Hershey, 

2002).  Its production worldwide has increased from 1.8 x 10
8
 t in 2000 to 2.3 x 10

8
 t in 2010 

(FAOSTAT, 2010) and is expected to increase further due to the increasing demand for food, as 

well as a raw material for industrial products, particularly in Africa (Nweke, 2004).  

 

1.ii. Cassava in Cameroon 

In Cameroon, cassava ranks first amongst root and tuber crops in terms of total production and 

consumption and yearly production is estimated at 5 M t (Agristat, 2010) with the Centre, East 

and South regions being the most productive areas (PNDRT, 2005). It is the main starchy staple 

with 80% of rural and urban households consuming cassava and cassava derived products on a 

daily basis (Essono et al., 2008). Currently, however, there is a growing awareness of the 

potential of cassava as a source of food and of income but the majority of cultivated varieties 

are susceptible to pests and diseases causing significant yield losses (Hahn et al., 1989; Njukwe 

et al., 2012a). Cassava and its products e.g., baton, paste, flour, fufu, gari, chikwangue and 
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starch are being sold both in Cameroon and elsewhere in Central Africa for the rapidly growing 

urban populations (Njukwe et al., 2012b). This increase in demand for cassava has led to 

increased prices in Cameroon and an increase in production beyond the previous traditional 

subsistence systems (Dury and Medou, 2004).  Its ability to grow and produce reliable yields in 

areas where cereals and other crops do not perform well has also contributed to its popularity.  

 

Cassava is consumed in many forms particularly, fresh, boiled or processed but also for its 

leaves which serve as vegetables and is largely grown by smallholder farmers, with the main 

production system being intercropping (Agwu and Anyaeche, 2007). Smallholder farmers in 

Cameroon grow various cassava cultivars and there are marked producer and consumer 

preferences as to the type of variety grown and these determine the uptake of new varieties 

(Zundel et al., 2010). Cassava also has gained industrial importance to produce ethanol, 

glucose and amino-acid, high-quality cassava flour in bread production both for domestic 

consumption and export purposes (Sanni et al., 2007). Cassava products are components of 

basic food intake for 7 to 8 million people in Cameroon living in the 8 southern regions and 

cover around 8 percent of daily nutritional needs, just below plantain (9.8 percent) in the group 

of starchy food crops (SNI, 2009). It’s by-products are the main source of starchy food in 

Southern Cameroon (PNDRT, 2005; ECAM III, 2007) and represent 60 percent of the roots 

and tubers market share, comprising 40 percent of processed products (chips, fufu, gari and 

water-fufu) and 20 percent of fresh roots. Starch processing is not popular among smallholders 

and has potential market for industrial use. 

 

1.iii. International Institute of Tropical Agriculture (IITA) Strategy for cassava 

development 

Cassava production and productivity would increase significantly if improved varieties are 

widely used under good soil management but throughout the tropics, smallholder farmers grow 

cassava in areas with poorer soils using traditional methods of cultivation with susceptible 

varieties, which necessitates the use of high-yielding cassava varieties with resistance/tolerance 

to pests and diseases. 

Breeding for resistance to major diseases began at IITA in 1971 (Hahn, 1980) and significant 

progress has been made in developing host plant resistance varieties. IITA-Ibadan undertook 

cassava dissemination scheme from early 80s whereby introducing disease resistant cassava 

cultivars to boost cassava production, and implemented a research-for-development project 

called Integrated Cassava Project (ICP) to support the presidential initiative for cassava 

launched in 2002 in Nigeria (Abdoulaye et al., 2014). In line with such R4D perspective, IITA 
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Cameroon thus introduced the IITA high-yielding cassava varieties with resistance/tolerance to 

pests and diseases developed and tested on-station in Ibadan, for further assessment of their 

potential in the full range of expected end-user environments in Cameroon. 

Cassava evaluation and dissemination scheme in Cameroon are composed of mutually inter-

connected coordination activities of partners that includes national organization such as 

PNDRT (The National Program for Roots and Tuber Development), IRAD (Institute of 

Agricultural Research for Development), Local and International Non Governmental 

Organizations (NGOs), Community Based Organizations (CBO), Farmers Association etc.   

The main activities included; 

1) On-station cassava trials at IITA Mbalmayo station that started in 2001 and ended in 2004, 

following IITA breeding scheme, whereby eleven superior clones were selected in which 

farmers preferences are also taken into account. 

2) On-farm participatory cassava trials conducted in 2004 and 2005 cropping seasons and 

regional trial in 2006 through hub/antenna at Ebolowa, Bertoua, Bamenda, Kumba and 

Ngaoundere representing 5 agro-ecological zones of Cameroon. 

3) Active participation of farmers in the evaluation and selection process of preferred clones 

and its propagation and dissemination. 

4) Country-wide survey and evaluation of disseminated clones in terms of pest/disease reaction. 

5) Development of simple cassava processing machine and its delivery in collaboration with 

private fabricators and PNDRT networks. 

6) Initiating platforms of stakeholders, partners and investors to maximize the profit of cassava 

value chain from producers to consumers. 

 

As a project coordinator, I have been fully involved from the initial stage of the 

implementation in various phases of activities. This dissertation is based on such resources 

accumulated during the implementation and tries to describe the whole process and clarify each 

step in an understandable manner.   

 

1.iv. Issues to be tackled during implementation period  

1.iv.i. Poor rate of adoption 

In the course of disseminating improved cassava, it was revealed that despite the release of 

many cassava varieties, adoption rate by farmers remain low in general, which are sometimes 

connected with socio-economic and cultural conditions of the area.  This is partly because 
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breeders do not understand nor consider farmer’s needs, and assume that improve productivity 

(yield) is enough to ensure the adoption of a new variety.  Breeders may not be aware of some 

of the important traits that are needed or preferred by farmers. It is necessary to bridge the gap 

between agronomist’s interest and farmers’ need in the process of dissemination thereby 

considering farmers’ criteria for preference that lead to adoption of new varieties from the very 

beginning.  Further, varieties selected on research stations may not perform well under farmer 

management according to local conditions of soils, climate and farm management.  

Researchers should be more open-minded to accept interaction between genes and environment 

(GxE). 

 1.iv.ii. Meet local farmers need 

As the need for planting material of the preferred varieties increased, it was propagated through 

a three-tier multiplication scheme (primary, secondary and tertiary) with support of PNDRT to 

ensure equitable, fast and sustainable distribution. These dissemination schemes significantly 

boosted cassava production from 8-10 tons per hectare with annual production of 2.3 M t 

(PNDRT, 2005) to 25-30 tons per hectare with annual production of 5 M t (Agristat, 2010), and 

provoked the need for post-harvest facilities. 

Due to limited access to processing equipment and to increase accessibility, manual cassava 

chipper/grater that can be used at household level to obtain a stable, easy-to-carry product with 

considerably lower labour requirements was developed coupled with the fact that the 

smallholder nature of farming systems and the low density of producers in more inaccessible 

areas, investment in immobile, motorized cassava processing equipment is often not 

economically justified by the production capacity in these areas. 

Despite these initiatives, full development of the cassava sector faced several challenges such 

as poor organization and planning, limited access to credit and market, high transportation and 

transaction costs. To address these shortcomings, value chain approach that guarantees the 

coverage of production to consumption and considers all groups from farmers to consumers, 

including traders, transporters and processors was adopted and developed a variety of cassava 

processing techniques to broaden the range of products derived from cassava. Stakeholders’ 

platform was instituted as mechanism for appropriate knowledge sharing so that smallholder 

farmers learned to organize themselves and work as legitimate groups and operate 

independently. 

1.v. Objective of the research 
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The objective of this research is to substantiate and evaluate a set of cassava dissemination 

activities undertaken by IITA Cameroon, namely, 

1) Evaluate different cassava clones developed at IITA-Ibadan for their agronomic 

performance and consumer acceptance in the full range of expected end-user 

environments and to understand the factors affecting its production and adoption 

2) Clarify farmers participating role in decision making process concerning 

selection of cassava varieties and its dissemination 

3) Develop simple cassava processing machine that meet smallholders needs in 

post-harvest processing at household level 

4) Initiate cassava stakeholders’ forum to raise awareness for professionalization of 

actors in the value-chain 

1.vi. Composition of Chapters 

Chapter 1 (Introduction) provides basic information on cassava introduction in Africa, 

problem statement, the rational, objectives, logical framework of the thesis, chronology of 

cassava dissemination program and perspectives. 

Chapter 2 (Agriculture in Cameroon and Cassava sub-Sector) provides basic information on 

agriculture in Cameroon, importance of cassava, its challenges and opportunities and 

government initiatives. 

Chapter 3 (On-station evaluation of cassava) clarifies four years cassava clones selection 

process whereby eleven clones out of 290 were selected based on agronomic data and disease 

reaction and finally six clones were selected through farmers participation for on-farm testing.  

Chapter 4 (On-farm participatory cassava evaluation) allows for identification of a small 

group of varieties that yield well under farmer management and are chosen by farmers as 

desirable. It also provides information about the performance of new varieties under the real 

conditions faced by farmers.  

Chapter 5 (Farmers perception and criteria for cassava variety preference) assesses farmers 

criteria for variety preference and ensures that selected varieties meet their needs and 

conditions.   
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Chapter 6 (Pests and disease status of improved cassava varieties disseminated) reports the 

various incidences and severities of pest and disease after the introduction of new cassava 

varieties, and discuss about potential changes in pests and disease status triggered by the 

introduction of new cassava varieties. 

Chapter 7 (Interactions between cassava varieties and soil characteristics) discuss about the 

relationship between the result of clone performances from on-farm trials and soil 

characteristics of location/sites.  It was revealed that there is no soil attributes that characterize 

the clone performances of the site except for C/N ratio of soil organic matter, showing the 

interactions between clone and sites are strong enough for each clone to give different response 

to local environmental conditions. 

Chapter 8 (Development, dissemination and use of cassava chipper) reveals the steps in 

cassava chipper development, dissemination and use to increase accessibility to processing 

equipment and cater for excess production resulting from the introduction of improved 

varieties. Eighty manual and 20 motorized cassava chippers was developed locally, tested with 

farmers and disseminated to 35 villages totalling about 1500 farmers in the 10 regions of 

Cameroon. 

Chapter 9 (Cassava value chain development through partnership and stakeholders’ platform) 

discuss value chain approach from production to consumption and considers all groups from 

farmers to consumers, including traders, transporters and processors and a variety of cassava 

processing techniques to broaden the range of products derived from cassava. Using 

stakeholders’ platform as mechanism for appropriate knowledge sharing so that smallholder 

farmers learned to organize themselves and work as legitimate groups and operate 

independently. 

Chapter 10 (General discussions and conclusions) revisit each step of cassava dissemination 

which concludes that for a national dissemination program, farmers/stakeholders participation 

in each process is primarily important, besides pure agronomic research. Based on results, 

cassava evaluation for selection could be accelerated by taking into account and involving 

farmers at the earlier stages of varietal selection in the future. However, continuous and 

sustainable support for self-help which is the ultimate goal of research-for-development is 

essential. 
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CHAPTER 2 

AGRICULTURE IN CAMEROON AND CASSAVA SUB-SECTOR 

 

 

2.i. Cameroon 

Cameroon is located on the west coast of Central Africa and covers an area of 475,400 square 

kilometers (183,695 square miles). The topography of Cameroon is varied, ranging from 

tropical rain forests in the south to mountainous highlands in some western central regions, and 

semi-arid savanna in the far north. The population was estimated at 15,421,937 in July 2000 

and is growing at an annual rate of 2.47% (PNDRT, 2005). Cameroon has ten regions with 

distinct regional culture, religion as well as ethnic differences. The division of the country into 

British- and French-ruled League of Nations mandates after World War I created Anglophone 

and Francophone fractions. The English-speaking fraction consists of the Southwest and 

Northwest regions and the educational system and legal practices derive from those of England. 

The French-speaking fraction consists of the remaining eight regions and the French school 

system is used, and the legal system is based on the statutory law of continental Europe. 

Cameroon has a diverse population comprising approximately 250 ethnic groups that form 5 

regional/cultural groups. 

 

These are western highlanders (also called grassfielders), which include the Bamileke, Bamoun, 

and many smaller groups in the northwest; coastal tropical forest people, which include the 

Bassa, Douala, and many smaller groups in the southwest; southern tropical forest people, 

which include the Beti, Bulu, Fang, and Pygmies; the northern semi-arid regions and central 

highlands, which include the Fulani; and the Kirdi people of the northern desert and central 

highlands. In most areas, women are responsible for feeding their families. They grow staple 

food crops, while men clear the land and provide meat and oil as they grow the cash crops. 

Among the pastoral populations, men herd the livestock and women process dairy products.  

The central region extends east from the western highlands and from the Sanaga River north to 

the Benue River. The land rises progressively to the north and includes the Adamawa Plateau, 

with elevations between 2,450 and 4,450 feet (750 and 1,350 metres). 

http://www.britannica.com/EBchecked/topic/521709/Sanaga-River
http://www.britannica.com/EBchecked/topic/61238/Benue-River
http://www.britannica.com/EBchecked/topic/5060/Adamawa-Plateau
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The southern region extends from the Sanaga River to the southern border and from the coast 

eastward to the Central African Republic and the Republic of the Congo. It consists of coastal 

plains that are about 25 miles (40 km) wide and a densely forested plateau with an average 

elevation of a little more than 2,000 feet (600 metres). 

The western region extends north and west from the Sanaga River and continues north along 

the Nigerian border as far as the Benue River. The relief is mostly mountainous, the result of a 

volcanic rift that extends northward from the island of Bioko. Near the coast, the active 

volcanic Mount Cameroon rises to the highest elevation in western Africa; 13,435 feet (4,095 

metres). 

2.i.i. Soils 

The soils of Cameroon may be roughly divided into three groups. The first soil group, 

developed primarily in the higher-precipitation south and south-centre, is composed of soils 

with strong physical makeup but weaker chemical properties. With good depth, high 

permeability, and stable structure, these soils are less prone to erosion. They rely on the input 

of organic matter to replenish nutrient levels; interruption of this cycle leads to swift depletion 

and decrease in fertility. 

The second soil group is present mainly in the lower-precipitation northern regions. 

Weathering by water is not as significant a problem for that soil group as mechanical 

weathering. A lower iron content dictates the soils’ colouring, which ranges from gray to 

brown. Though more fertile than their counterparts in the south, these soils are susceptible to 

nutrient imbalances that can impede productivity. 

The third soil group is a general gathering of a number of young soils, including andosols, 

which are developed from volcanic ash and other matter, and the dark, clay-laden vertisols. 

Incidence of these soils varies by region. 

2.i.ii. Ecology and Climate 

Ecological and climatic characteristics relief present in the whole highland areas, which cover 

mainly the Western part of the country, and narrow plains. At the geological level, one 

distinguishes two major groups: the plutonic or metamorphic base and surface formations 

which cover more of two thirds with the national territory among which, sedimentary 

http://www.britannica.com/EBchecked/topic/521709/Sanaga-River
http://www.britannica.com/EBchecked/topic/102152/Central-African-Republic
http://www.britannica.com/EBchecked/topic/65951/Bioko
http://www.britannica.com/EBchecked/topic/90979/Mount-Cameroon
http://www.britannica.com/EBchecked/topic/707289/Andosol
http://www.britannica.com/EBchecked/topic/626731/Vertisol
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formations divided into two subgroups namely the coastal sedimentary basins and intra-

cratonic basins. These geological structures abound in numerous mining resources of which oil, 

iron, bauxite, nickel, cobalt, and natural gas.  

The incidence of precipitation depends largely on the seasonal movements of two contrasting 

air masses. The first is a dry continental tropical air mass, which originates over the Sahara and 

is associated with hot, dusty weather. The second is a warm and humid maritime tropical air 

mass that originates over the Atlantic and brings rain-bearing winds. Precipitation decreases 

from south to north. Along the coast, the rainy season lasts from April to November, and the 

relatively dry season lasts from December to March; a transition period from March to April is 

marked by violent winds. The mean annual precipitation level of more than 100 inches (2,500 

mm) occurs in about 150 days. In the central plateau region, precipitation decreases to about 60 

inches (1,500 mm). There are four seasons; a light rainy season from May to June, a short dry 

season from July to October, a heavy rainy season from October to November, and a long dry 

season from December to May. The north, however, has a dry season only from October to 

May and an average annual precipitation level of about 30 inches (750 mm). The wettest part 

of the country lies in the western highlands. Debundscha Point on Mount Cameroon has a 

mean annual precipitation level of more than 400 inches (10,000 mm), an average rarely 

attained elsewhere in the world most of which falls from May to October. 

Cameroon is drained by a significant hydrographical network made up of several permanent 

and seasonal rivers or water courses which are given rise to in the Adamawa plateau and 

supply or feed the four main catchment areas of Central Africa namely Congo, Niger, Lake 

Chad and the Atlantic.  

 

At the climatic level, the country is divided into three major zones: the equatorial zone 

characterized by abundant rainfall (2000 mm of rain on average per annum) and an average 

temperature which is around 25
0
C; the sudanian area extends from the seventh to the tenth 

degree of latitude North and is characterized by dry season for 5 to 6 months, an average 

temperature of 22
0
C and 1000 mm of rainfall per annum; Beyond the second degree latitude 

North, the sudano sahelian zone is indicated or distinguished by seven months dry season and 

not very heavy rainfall.  

 

http://www.britannica.com/EBchecked/topic/90979/Mount-Cameroon
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These climatic characteristics determine the five agro-ecological zones (Fig 2.1; IRAD, 1999):  

-The sudano-sahelian zone;  

- Guinean high savannah zone;  

- The Western high plateau areas;  

- The moist forest zone with monomodal pluviometry;  

- The moist wet forest zone with bimodal pluviometry;  

This ecological diversity is accompanied by a flora and fauna diversity which pushes 

Cameroon to the fifth African rank from biodiversity point of view with more than 90% of the 

continent’s ecosystems. 

2.ii. Agriculture in Cameroon 

Of the over 16 million inhabitants in Cameroon, 48.6% live in rural areas (INS, 2007) and 

depend mostly on agriculture for their livelihoods and agriculture plays a prominent role in the 

economy and society in Cameroon as most regions in the country have the natural and human 

resources needed for strong and sustainable agricultural development (Horus, 2010).   

 

Historically, agriculture in Cameroon relied on primary products such as cocoa, coffee and 

rubber which are vulnerable to volatile world market prices. In light of increased world food 

crises since year 2000, increasing cassava production became crucial for both food security and 

income and often cultivated by smallholders as mono-crop or in various combinations. Despite 

this, the populations that depend on agriculture for a living are in poverty (FAO, 2010).  

 

Because of its favorable agricultural conditions, Cameroon has one of the best-endowed 

primary commodity economies in sub-Saharan Africa but faces many of the serious problems 

confronting other underdeveloped countries, such as stagnant per capita income, a relatively 

inequitable distribution of income, a top-heavy civil service, endemic corruption and a 

generally unfavorable climate for business enterprise (IRTCM, 2009). Since 1990, the 

government has embarked on various International Monitory Fund (IMF) and World Bank 

programs designed to spur business investment, increase efficiency in agriculture, improve 

trade and recapitalize the nation's banks (IFAD, 2003). The IMF is pressing for more reforms, 

including increased budget transparency, privatization and poverty reduction programs but 

subsidies for electricity, food and fuel have strained the budget (Tabuna, 2004).  
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Agriculture was the main source of growth and foreign exchange until 1978 when oil 

production became the cornerstone of growth for the formal economy and agricultural 

productivity declined from neglect during the oil boom years of the early 1980s although it was 

the principal occupation of 56 percent of the economically active population and contributed 

44 percent to Gross Domestic Product (GDP) (IFAD, 2003). 

 

The most important cash crops are cocoa, coffee, cotton, bananas, rubber, palm oil and 

groundnut while the main food crops are plantains, cassava, maize, millet, sorghum, rice, yams, 

potatoes and beans (JITAP, 2006). Palm oil cultivation is expanding but its product is not 

marketed internationally meanwhile bananas are sold internationally and the sector was 

reorganized and privatized in 1987 (SNI, 2009). Cameroon is among the world's largest cocoa 

producers with over 130,000 tons of cocoa beans produced in 2004 and two types of coffee, 

Robusta and Arabica are grown while about 85,000 hectares are allocated to cotton plantations 

for export and local textile industries (Tabuna, 2004).  

According to a document jointly published in 2007 by the Ministry of Agriculture and Rural 

Development (MINADER), and that of Fishery, Livestock and Animal Husbandry (MINEPIA), 

food production did not follow the rapid demographic increase especially in the urban areas 

(FAO, 2010). According to these ministries, food security has to be assured by an increase in 

the production of food stuff and other crops which could substitute importations. To meet these 

needs, these ministries have as an objective for a sector’s development strategy, set a target in 

2015 to train 30,000 farmers per year (JITAP, 2006). MINADER has 35 centres for 

agricultural training (24 are rural training centres and 11 are centres for the training of young 

farmers). Furthermore these two ministries are actually offering training in the rural 

development sector like extension agents, agricultural advisers and professional farmer 

groupings (farmers’ organizations).  

The Government, faced with the effects of the financial crisis, has taken steps to boost 

production of commodities such as maize, rice, cassava, potato and plantain (IRTCM/IFAD, 

2007). For food crops, these measures aim to improve products commercialization through the 

construction of warehouses for conservation. In 2009, the government through the Ministry of 

Agriculture and Rural Development implemented an emergency plan to increase agricultural 

http://en.wikipedia.org/wiki/Cocoa_bean
http://en.wikipedia.org/wiki/Coffee
http://en.wikipedia.org/wiki/Cotton
http://en.wikipedia.org/wiki/Banana
http://en.wikipedia.org/wiki/Rubber
http://en.wikipedia.org/wiki/Palm_oil
http://en.wikipedia.org/wiki/Peanut
http://en.wikipedia.org/wiki/Plantain_%28cooking%29
http://en.wikipedia.org/wiki/Cassava
http://en.wikipedia.org/wiki/Coffea_robusta
http://en.wikipedia.org/wiki/Coffea_arabica
http://en.wikipedia.org/w/index.php?title=Textile_plant&action=edit&redlink=1
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production with aims to provide farmers improved planting material, subsidize pesticides and 

fertilizer, grant loans at low interest rates, create five pools of agricultural machinery support, 

acquire tractors and increase the capacity of processing, storage and packaging (SNI, 2009). 

The National Agricultural Research and Extension Program (PNVRA) through outreach 

activities conducted by Zonal Extension Agents (AVZ) provided technical guidance and 

sometimes financial support to farmers.  

With subsistence agriculture, manual cultivation is usually very tedious, limiting the area under 

cultivation and resulting to very low yields and therefore insufficient to meet both domestic 

and external demand for food (FIDA, 2003) forcing the government to import large quantities 

of cereals (rice and maize) to fill the gap for food and feed and meet the demands of the 

brewing industries.  

2.ii.i. Cassava cropping systems 

Cassava was rapidly adopted by farmers and integrated into the traditional farming and food 

systems of Africa because of its low input resource requirements and relative ease of 

cultivation and processing (Hahn et al., 1979). In Cameroon, cassava is predominantly grown 

as intercrops with maize (Zea mays) usually with little or no fertilizers and nearly all 

production comes from smallholders. This is coupled with annual slash and burn results in 

rapid decline in crop yield. However, cassava in pure stands can be found in the southern zones 

although cultivated in virtually all agro-ecological zones because of its ability to thrive in areas 

with rainfall between 508 and 1524 mm and in mean annual temperatures between 17 and 

30°C. The crop therefore, plays a vital role in alleviating famine by providing sustained food 

supplies when other crops failed. The key challenges that need to be addressed as a matter of 

urgency range from low crop performance, agronomic, edaphic and socioeconomic constraints, 

technology development and transfer (Dahniya, 1994). In an Ecologically Sustainable Cassava 

Plant Protection Project (ESCaPP) survey reported by Okeleye et al. (2001), some production 

parameters such as land preparation methods, weed management, size of cuttings planted and 

type of varieties planted influence yield.  

 

2.iii. National initiatives (PNDRT and PIDMA) in the cassava sub-sector 

 

2.iii.i. National Program for Roots and Tubers Development (PNDRT) 
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As part of government policy for poverty reduction, the Government of Cameroon and the 

International Fund for Agricultural Development (IFAD) signed a loan agreement of over 

US$22 million on July 23, 2003 for the development of the root and tuber sector through the 

National Program for Roots and Tubers Development (PNDRT). Launched in September 2004, 

PNDRT main objective is to boost farmer incomes through increased production, better access 

to markets, organizing cooperation amongst farmers, and improving rural infrastructure such as 

roads and bridges. 

 

Distribution networks for planting material were also created, such as RENAMUSIM (National 

Network of Multipliers of Yam seed and Cassava cuttings), which has 50 member 

organizations throughout the country. PNDRT also opened several Field-Schools for Producers 

where more than 25,000 people (53% women) were trained on topics such as group 

management and organization, financial management and simplified accounting, group sales, 

and management of public goods (PNDRT, 2010).  

 

PNDRT also oversaw the production and supply of processing equipment and the training of 

beneficiaries in the use and maintenance, organize previously-isolated farmers into Village 

Coordination Committees (CVCs). The 250 CVCs are involved in the construction and 

management of rural infrastructure such as markets, bridges and road maintenance, all financed 

by the program. About 18,000 households in some 1,000 villages have benefited from this 

multifaceted support program and represent approximately 108,000 people, 70% of whom are 

women.  

 

2.iii.ii. Agriculture Investment and Market Development Project (PIDMA) 

Cameroon received a grant from the World Bank worth 105.3 million dollars to enable the 

central African country implement its agriculture investment and market development project 

(PIDMA). The grant agreement was signed between the ministry of agriculture and rural 

development (MINADER) and the World Bank in Cameroon. 

It is intended that PIDMA will operate from 2014 to 2019 and will be implemented by 

MINADER.  The funds will be invested mainly in maize, sorghum and cassava, regarded as 

the main raw materials for agro-industrial structures established in Cameroon, Nestlé for 
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making Maggi cubes and Guinness for the hydrolysis enzyme used in the production of beer. 

Industrial partnership agreements have been signed between these companies and MINADER 

for an estimated total demand of 10,000 tons per year.  

2.iv. Cassava as potential crop to alleviate food crisis 

Cassava is one of the most important crops for food security and income and has great 

potential as both a starch source and as livestock feed (partial substitute of imported grain). To 

achieve domestic food demand in Cameroon, priority is given to cassava because cassava ranks 

first amongst root and tuber crops in terms of total production and consumption and it is a crop 

that has the potential to increase farm incomes, reduce rural and urban poverty. Over 204,548 

hectare of arable land in Cameroon is devoted to cassava production with an increase from 2.3 

million tons in 2005 (PNDRT, 2005) to 5 million tons in 2010 (Agristat, 2010). Cassava is 

cultivated mainly for its starchy roots, which are consumed raw, boiled or processed but also 

for its leaves which serve as vegetables while cassava cuttings is used for planting (Fig. 2.2).  

Traditionally, cassava roots are processed by various methods into numerous products and 

utilized in various ways according to local customs and preferences (Nweke, 2004). In some 

regions, the leaves are consumed as vegetables, and many traditional foods are processed from 

cassava roots and leaves (Njukwe, 2014). Unlike the roots that are essentially carbohydrate, 

cassava leaves are a good source of protein and vitamins which can provide a valuable 

supplement to predominantly starchy diets. Cassava leaves are rich in protein, calcium, iron 

and vitamins, comparing favorably with other green vegetables like amaranth and spinach 

generally regarded as good protein sources (Nagib and Antonio, 2006). 

Cassava leaves form a significant part of the diets for people in the south, centre and east 

regions. They are used as one of the preferred vegetables in most cassava growing areas and 

are mostly served as a sauce which is eaten with fufu and boiled cassava. Improvement of 

cassava processing and utilization techniques has greatly increased labour efficiency, incomes, 

and living standards of cassava farmers and the urban poor as well as enhance the-shelf life of 

products, facilitate their transportation, increase marketing opportunities, and help improve 

human and livestock nutrition (Nweke, 1994).  
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2.v. Modes of consumption 

2.v.i. Cassava root based foods  

Cassava root based foods are all consumed with soups or stews. The soup is essential in the 

food system in Cameroon without which most foods that require chewing or swallowing 

cannot be eaten. Soup made of cassava leaves is often eaten with cassava root based foods like 

fufu and boiled cassava. Therefore, the cassava root based foods which are essentially 

carbohydrate are supplemented for protein when consumed with protein rich soups or stews. 

However, the major future market for increased cassava production is as livestock feed. 

Cassava has long been recognized as an appropriate animal feed and it has been used as an 

important and cheap feed in many European countries.  

2.v.ii. Cassava starch consumption and marketing  

Cassava starch processing is not common among smallholders while household starch 

consumption is low and essentially consumed in urban centers. The main marketing outlets for 

starch are plywood and textile industries (ECAM 11, 2007) with potential markets of about 

350-400 and 150-200 tons per year respectively. Their purchasing price is rather low (330 

CFAF/Kg) and does not constitute a major marketing outlet for smallholders but a 

supplementary outlet for semi-industrial starch cassava processing units (Horus, 2010). Nestlé 

Cameroun, Douala, indicated interest in sourcing locally produced cassava starch and/or chips 

with potential demand of 1500 to 2000 tons per year by 2018. Laundry services are common in 

urban areas and are served mostly by small-scale processors and farmer associations as their 

demand is relatively low.  

 

Despite market opportunities and as major staple food, the cassava sub-sector in Cameroon 

faces many challenges that severely hamper production and income. However, opportunities do 

exist to overcome these challenges that entail more intensive and inclusive development 

process. 

 

2.vi. Cassava and its challenges 

2.vi.i. Varietal factors  
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Cassava shape varies among cultivars. Roots with irregular shapes are difficult to harvest and 

peel by hand, resulting in great losses of usable root materials. Root size also varies with 

cultivars although it depends more on environmental factors such as soil while smaller roots 

require more labour for peeling.  

Varietal differences in dry matter content and in starch content and quality influence the quality 

of the processed products. Pests and disease incidence including cyanide content also varies 

with varieties, but is also affected by the crop growth environment.  

2.vi.ii. Agronomic factors  

Time of planting, harvesting and age of plant from planting to harvesting all affect starch 

content, yield and quality of products. Other agronomic practices such as intercropping, 

fertilizer application and spacing can also affect yield and crop quality.  

2.vi.iii. Socioeconomic factors  

Harvesting and transporting of cassava roots from farm to homestead and subsequent 

processing are mainly done by women. Most of the steps in production to processing are 

carried out manually using simple tools and equipment that are available to small-scale farmers.  

Subsistence farmers harvest cassava when needed. They leave the cassava in the ground for 

long periods, believing that the cassava is safer and would undergo less damage than when 

harvested. Although this system has certain merits, a delay in harvest can result in root losses 

due to root rots, damage by animals, and a decrease in the starch content in roots. Furthermore, 

keeping cassava in the ground prevents the use of that land for other purposes.  

2.vi.iv. Environmental factors  

During the rainy season, sunshine and ambient temperatures are relatively low for processing 

cassava, particularly forest humid areas where cassava is mainly grown and utilized in 

Cameroon. In other localities, particularly in savanna zones of the northern region, water which 

is essential for processing cassava is not easily available.  
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During the early rainy season, the dry matter content of roots is usually lower than in the dry 

season, which can result in lower yield and in the dry season when the soil is hard, harvesting 

and peeling tubers for processing are difficult and result in more losses.  

 

 

 

 

 

 

 

Fig 2.1. Map of Cameroon with agro ecological zones 
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Leaves for vegetable: Photo in 

Batouri, East Region 
Cuttings for planting: Photo in Fonta, 

Northwest Region 

Roots for food and feed: Photo in Muyuka, 

Southwest Region 

Fig 2.2. Importance of cassava 



19 
 

 

CHAPTER 3 

ON-STATION EVALUATION OF CASSAVA 

 

3.i. Introduction  

The challenges in the 1970s for the improvement of cassava in Africa were mostly related to 

finding ecologically sustainable ways of reducing or eliminating the effects of major diseases. 

Cassava Mosaic Disease (CMD) in Africa is caused by either of two geminiviruses (African 

cassava mosaic virus, ACMV, and East African cassava mosaic virus, EACMV). Both are 

transmitted by the ubiquitous whitefly, Bemisia tabaci, and together they caused a yield 

reduction estimated at US$2 billion per year (Imo, 2006). The disease can also be carried by 

plant cuttings and transmitted through grafts, adding to its persistence and spread. The use of 

host plant resistance is considered the most suitable control strategy against these biotic 

constraints. 

Breeding for resistance to these diseases began at IITA in 1971 (Hahn et al., 1989). Scientists 

started work with an EACMV-resistant genotype obtained from interspecific hybridization in 

East Africa in the 1930s (Beck, 1980), which was found to also have resistance to Cassava 

Bacterial Blight (CBB). Selected germplasm was also collected from Latin America, Asia, and 

East Africa along with local varieties from within Nigeria. This work resulted in several elite 

genotypes that had resistance to CMD and CBB as well as high, stable yields and good 

consumer acceptability. These resistant varieties were delivered to national programs in 

Cameroon for testing under specific local conditions during the late 1970s and 1980s.  

They were introduced and tested in Institute of Agronomic Research (IRA) Ekona and Njombe 

in Cameroon and many adapted varieties including 8017, 8034 and 8061 were distributed 

(Ngeve, 2003).  Due to producer and consumer preferences, variety 8034 was widely adopted 

and was also used as one of the parents for Excel variety by IRAD. In 1994, the Rural Training 

Centre (RTC) Fonta, Bamenda was involved in cassava improvement (Bakia et al., 1999) and 

received new cultivars through the IITA-coordinated Ecologically Sustainable Cassava Plant 

Protection (ESCaPP) Project and a second batch of 10 clones in 1999 for adaptive research and 

variety 92/0057 was reported adapted (Zundel et al., 2009). In 2000, about 200 new cassava 
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clones were introduced for field evaluation in three locations – Bibie Ngoum, Center region; 

Nkoemvon, South region; and Bertoua, East region (IITA, 2004) but no adapted variety was 

reported.  

Poor rate of adoption might be attributed to the fact that extension agents often try to convince 

farmers of the utility of new varieties through controlled plot demonstrations or community 

meetings, and that majority of introduced varieties are early maturing, requiring total 

harvesting which is not suitable under smallholders’ condition, and that food habits of small 

holders have not been taken account. This chapter presents the results and outcome of 

introduced cassava varieties after six successive years (2001 to 2006) of on-station evaluation, 

in which farmers were involved in the initial stage of the selection process. 

 

3.ii. Materials and Methods 

3.ii.i. Study site 

The on-station participatory evaluation and selection was conducted between 2001 and 2006 at 

IITA research farm in Mbalmayo (3
o
 25N latitude, 11

o
 28E longitude and 640 masl) with mean 

temperature of 28 
o 

C (IITA, 1988). The average annual rainfall is approximately 1500 mm 

falling in a bimodal pattern, the heavy rains occurring from March to July and the light rains 

between September and November. The soil type is an Ultisol derived from schist band with 

pH between 5 and 6 (De Cauver et al., 1995).  

 

3.ii.ii. Experimental layout 

IITA cassava-breeding scheme was used for on-station evaluation through Observation 

Nursery (ON), Preliminary Yield Trial (PYT), Advanced Yield Trial (AYT) and Uniform 

Yield Trial (UYT) (Fig. 3.1).  ON were established with 290 clones as single and independent 

plant without replication while for 2002 to 2006 trials, experiments were done by a randomized 

complete block design (RCBD) as shown in Fig. 3.2. PYT adopted three replicated plots of 1 x 

5 plants spaced 1m x 1m, while AYT and UYT adopted three replicated plots of 3 x 5 plants, 

and 5 x 5 plants, respectively.  All the trials were planted in April/May of each year and Local 

manioc rouge (LMR) used as a check except in 2001 that Cam 62 was also included. Regular 
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field maintenance that included periodical weeding with 3 months intervals was done manually 

for each trial and harvesting was done at twelve months after planting.  

 

3.ii.iii. Disease evaluation 

The incidence and severity of Cassava Mosaic Virus Disease (CMD) was evaluated monthly 

on the central row of each plot in a scale of 1-5 where 1 is no symptom and 5 very severe 

symptoms. This was recorded for all the trials (PYT, AYT and UYT). 

 

3.ii.iv. Farmers’ participation 

In 2004, fourteen varieties selected in 2003 were repeated at IITA Mbalmayo experimental site, 

and field visit by Mbalmayo farmers were organized during the vegetative and at harvest and 

sensory quality test was conducted in a participatory manner resulting in final selection of six 

clones for on-farm testing. 

3.ii.v. Data collection at harvest and statistical analysis 

At harvest, data was collected for yield components which included, number of tubers and 

weight, number of marketable tubers and weight and tuber dry matter content. CropStat 7.2, 

developed by the International Rice Research Institute (Manila, Philippines) was used to 

analyze the data. Yield parameters were subjected to one-way and two-way ANOVA for six 

cropping seasons. If significant, the least significant difference (LSD) obtained from Tukey’s 

test was used to compare mean data.   

 

3.iii. Results and Discussion 

 

3.iii.i. Observation Nursery (ON) in 2001 

Table 3.1 shows the list of 290 cassava clones introduced in 2001 for on-station evaluation. 

Introduced cassava clones were established as single and independent tissue culture plant 

without replication in Observation Nursery (ON) spaced 1m x 1m (10,000 plants ha
-1

). The 

clones were selected according to tuber fresh weight that exceeded 6.8 t ha
-1

, which resulted in 

the selection of 28 clones subjected to further selection in successive years (Fig.3.5). 
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3.iii.ii. Preliminary Yield Trials (PYT) in 2002 

In 2002, 28 varieties were established in Preliminary Yield Trials (PYT), and the result of one-

way ANOVA in terms of marketable tuber fresh weight (TFW), dry matter content and CMD 

scores were shown in Table 3.2.  These variables were significant with probability of less than 

0.01.  Clonal selections were done through combined evaluation of TFW and DM.  For TFW, 

those of more than 15.5 t ha
-1 

and more were selected, while for DM, higher values were 

preferred. As shown in Table 3.2, 18 varieties were selected accordingly.  Exceptionally, 85170, 

81/00110 and 96/0867 were selected for their thick stems, although their TFWs were as low as 

12.2 t ha
-1

.  Likewise, W94/0009 was not selected because of low DM content.  It is clear from 

the table that all selected varieties were CMD resistant relative to Cam62 and LMR.    

 

3.iii.iii. Advanced Yield Trials (AYT) in 2003 

Out of 18 selected clones in 2002, the trials in 2003 resulted in the selection of 14 varieties 

based on high root yield, pest and disease resistance except for LMR and Cam62 as references.   

Cam62 was dropped for the trials in 2004. 

 

3.iii.iv. Uniform Yield Trials (UYT) in 2004 

In 2004, 14 varieties were established in Uniform Yield Trials (UYT) in the same manner as in 

the PYT but with three replicated plots of 5 x 5 plants spaced 1m x 1m. This resulted in the 

selection of 11 varieties based on high root yield, pest and disease resistance.  At the same time, 

field visit to IITA experimental site by farmers in Mbalmayo were organized during the 

vegetative and at harvest and sensory quality test was conducted in a participatory manner 

resulting in final selection of six clones (8085, 88071-3, 92/0057, 92/0326, 96/0023 and 

96/1414). The selection processes were shown in Fig.3.4.  11 varieties were selected by TFW 

of more than 20 t ha
-1

as researcher selected varieties, while 6 varieties were selected by 

Mbalmayo farmers with the criteria of TFW for 8085, 88071-3 and 92/0057, and high 

mealiness scores for 92/0326 and 96/0023, and low CMD infection score for 96/1414. 

 

3.iii.v. Yield stability assessment in 2005 

In 2005, 11 varieties selected from UYT 2004 were re-established in the same manner for yield 

stability assessment. All eleven varieties performed better than the local check with high root 

yield, pest and disease resistance. These varieties were then introduced in IITA Nkolbisson-

Yaounde tissue culture lab for conservation and multiplication. 
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3.iii.vi. Yield comparison with additional varieties in 2006 

In 2006, 11 varieties selected from UYT were compared with 4 additional varieties (I93/0078, 

I93/0523, I95/0404 and I95/0902) introduced from Ibadan, Nigeria. Selected 11 varieties 

performed better in yield and sensory qualities than the 4 additional varieties except for 

M94/0121.  

 

3.iii.vii. Two-way ANOVA (clones x years) 

Clones in the 2006 trial were cultivated since 2002. A 2-way ANOVA was performed to test if 

an interaction year x clone occurred; considering the yield of each variety from 2002 to 2006 

(Table 3.7). The results show that for TFW, clone x year interaction is significant, indicating 

that there were some climatic influences such as rainfall on the cassava average yield over 

years, and each clone responded somewhat different way in each year.  Fig.3.6 showed the 

TFW of each clone over years. Clone x year interaction is exemplified in such a way that 

95/0109 and 88071-3 responded differently over years, although average TFW is highest in 

2003 and lowest in 2005.  Fig.3.7 showed all the yield records of 28 varieties selected in 2002, 

reduced to 18 in 2003, and finally resulted in 11 varieties by researchers.  

 

 

3.iv. Conclusion 

Of the 290 cassava clones introduced from IITA Ibadan, Nigeria in 2001 and field established 

at the IITA Mbalmayo research farm in Cameroon for on-station evaluation, 11 varieties (8085, 

88071-3, 8804472, 92/0057, 92/0326, 95/0109, 96/0023, BBulkP6, 96/1414, 96/1762 and 

M94/0121) were selected in 2004 for high yield, pests and disease resistance/tolerance and 

sensory qualities. However, due to small nature of farm sizes and for proper management of 

on-farm trials, farmers in Mbalmayo visited the on-station trail and ended up selecting six 

varieties (8085, 88071-3, 92/0057, 92/0326, 96/0023 and 96/1414) with added socioeconomic 

and cultural potential for on-farm participatory evaluation. 
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Table 3.1. List of 290 cassava clones introduced in 2001 with local cultivars highlighted in 

red for on-station evaluation 

No. Clone  No. Clone  No. Clone  No. Clone  No. Clone  No. Clone  

1 8085 50 92/0110 99 94/0239 148 96/0591(3X) 197 97/4779 246 NR7721 

2 30001 51 92/0326 100 94/0263 149 96/0595 198 98/0196 247 NR8082 

3 30040 52 92/0342 101 94/0270 150 96/0596 199 98/0378 248 NR8121 

4 50395 53 92/0397 102 94/0330 151 96/0610 200 98/0406 249 NR8212 

5 60506 54 92/0398 103 94/0459 152 96/0619 201 98/0506 250 NR87107 

6 71673 55 92/0427(4X) 104 94/0561 153 96/0860 202 98/0510 251 NR87184 

7 85121 56 92/0429 105 94/0727 154 96/0867 203 98/0581 252 NR8949 

8 85170 57 92/0430 106 95/0041 155 96/0869 204 98/2101 253 O84/00045 

9 90257 58 92/0509 107 95/0058 156 96/0903 205 98/2132 254 O85/00119 

10 880854 59 92/1029(3X) 108 95/0061 157 96/0963 206 98/2226 255 O87/00813 

11 881606 60 92/1043(3X) 109 95/0063 158 96/0986 207 ABBEY-IFE 256 O88/00695 

12 8804772 61 92/1047(3X) 110 95/0104 159 96/1039 208 AKINRINADE 257 O88/01504 

13 2ND AGRIC 62 92/1154(3X) 111 95/0109 160 96/1087 209 ATU 258 O88/02346 

14 
42025 X 

81/01623(4X) 
63 92/1201 112 95/0131 161 96/1089A 210 BAGIWAWA 259 O88/02363 

15 81/00110 64 92B/00061 113 95/0166 162 96/1165 211 BBulk15 260 O89/00003 

16 81/01623(4X) 65 92B/00068 114 95/0180 163 96/1317 212 BBulkP6 261 O89/00068 

17 82/00401 66 93/0078(3X) 115 95/0211 164 96/1414 213  Z95/0961 262 O92/0168 

18 84/00316(4X) 67 93/0098 116 95/0248 165 96/1427 214 CB5-10(80411) 263 OFEGE 

19 87/00018-42(4X) 68 93/0184 117 95/0269 166 96/1431 215 GBAZEKOUTE 264 OLEKANGA 

20 88071-3 69 93/0266 118 95/0279 167 96/1432 216 I30337 265 RB89/509 

21 89/00003-1(3X) 70 93/0267 119 95/0289 168 96/1551 217 I30474 266 RB92/0099 

22 90/00099 71 93/0271 120 95/0306 169 96/1556 218 I30555 267 RB98/0113 

23 90/01058 72 93/0272 121 95/0423 170 96/1565 219 I30555P3-2 268 SM 1317-13 

24 90/01554 73 93/0509(4X) 122 95/0471 171 96/1613 220 I60142 269 SM 1317-72 

25 91/00033(3X) 74 93/0528(4X) 123 95/0528 172 96/1630 221 I81/00401 270 SM 1620-18 

26 91/00082(3X) 75 93/0560(3X) 124 95/0645 173 96/1632 222 I81/01635 271 TME 282 

27 91/00089(3X) 76 93/0568(4X) 125 95/0680 174 96/1642 223 I82/00058 272 TOKUNBO 

28 91/00090(3X) 77 93/0598(3X) 126 95/0925 175 96/1708 224 I82/00661 273 TOMA 393 

29 91/00106(4X) 78 93/0602(4X) 127 95/0947 176 96/1762 225 I84/00353 274 W1095-D 

30 91/00153(3X) 79 93/0614(3X) 128 95/0967 177 96/1800 226 I85/0680 275 W4092 

31 91/00255(3X) 80 93/0638(4X) 129 95/0971 178 97/0103 227 I87/00052 276 W820249 

32 91/00262(3X) 81 93/0639(3X) 130 95/1038 179 97/01170 228 I88/00278 277 W94/0009 

33 91/00416 82 93/0647(4X) 131 96/0011 180 97/0162 229 I88/02090 278 W94/0017 

34 91/00419 83 93/0658(3X) 132 96/0016 181 97/0211 230 I88/02343 279 W94/0245 

35 91/00427 84 93/0665(3X) 133 96/0023 182 97/0270 231 I89/00250 280 Z92/0256 

36 91/00438 85 93/0681(4X) 134 96/0035 183 97/0286 232 I89/02195 281 Z93/0151 

37 91/00459 86 93/0700(3X) 135 96/0037 184 97/0296 233 I89/02831 282 Z93/0154 

38 91/00462 87 93/0771(4X) 136 96/0102 185 97/0299 234 IGUEEBA 283 Z94/0069 

39 91/02312 88 93/0796(3X) 137 96/0160 186 97/0358 235 J92/0093 284 Z94/0153 

40 91/02317 89 93/0824(4X) 138 96/0191 187 97/0425 236 K95/0562 285 Z94/0194 

41 91/02319 90 93/0832(4X) 139 96/0249 188 97/0469 237 LAPAI-1 286 Z94/0394 

42 91/02322 91 94/0006 140 96/0415 189 97/1149 238 Z95/0826 287 Z95/0415 

43 91/02324 92 94/0018 141 96/0475 190 97/1228 239 LPO1 288 Z95/0432 

44 91/02325 93 94/0026 142 96/0523 191 97/2205 240 M94/0121 289 Z95/0633 

45 84/00316(4X) 94 94/0039 143 96/0529 192 97/3200 241 M94/0177 290 Z95/0680 

46 91934(4X)SEXUAL 95 94/0069 144 96/0532 193 97/4013 242 M94/0192 291 Cam62 

47 91B/00455 96 94/0082 145 96/0557 194 97/4580 243 M94/0461 292 LMR 

48 92/0057 97 94/0102 146 96/0565 195 97/4763 244 M94/0583 

  49 92/0067 98 94/0237 147 96/0590 196 97/4766 245 MS 20     
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Table 3.2. Characteristics of evaluated and selected clones in 2002:  

Mbalmayo on-station trial (one-way ANOVA) 

     

Clones 
TFW DM CMD 

(t ha
-1

) (%) (score) 

8085 22.34 fgh 39.94 abcdef 1.0 a 

85170 12.21 abcde 39.73 abcdef 1.2 ab 

8804772 16.78 abcdef 40.23 abcdef 1.0 a 

81/00110 12.82 abcde 39.70 abcdef 1.0 a 

88071-3 31.70 i 44.12 f 1.0 a 

91/02325 16.78 abcdef 40.23 abcdef 1.0 a 

92/0057 22.43 fghi 41.75 cdef 1.0 a 

92/0067 23.11 fghi 38.28 abcde 1.0 a 

92/0326 19.74 defg 37.22 abcd 1.0 a 

92/0509 15.59 abcdef 40.35 abcdef 1.0 a 

95/0109 21.24 efg 44.39 f 1.0 a 

96/0023 21.45 efgh 34.98 a 1.0 a 

BBulkP6 27.60 ghi 41.64 cdef 1.0 a 

96/0867 12.21 abcde 39.72 abcdef 1.2 ab 

96/1414 22.69 fghi 42.91 ef 1.0 a 

96/1762 17.72 cdef 36.70 abc 1.0 a 

Cam 62 07.66 a 35.67 ab 3.4 e 

Gbazekoute 17.13 bcdef 39.84 abcdef 1.0 a 

LMR 12.78 abcde 43.66 ef 2.7 d 

M94/0121 30.61 hi 44.60 f 1.0 a 

85121 08.88 abc 39.23 abcdef 1.8 c 

880854 15.74 abcdef 39.66 abcdef 1.2 ab 

N881606 12.84 abcde 42.94 ef 1.4 abc 

95/0279 11.03 abcd 42.65 def 1.0 a 

96/1427 9.92 abc 40.97 bcdef 1.0 a 

BBulk15 14.83 abcdef 42.84 ef 1.0 a 

96/0102 15.05 abcdef 43.22 ef 1.0 a 

LP101 08.93abc 43.50ef 1.7bc 

TME 282 08.34 ab 44.59 f 1.4 abc 

W94/0009 15.82 abcdef 36.82 abc 1.0 a 

Clone effect *** ** *** 

 

 

 

 

 

TFW: Marketable Tuber Fresh Weight, DM: Percent Dry Matter, CMD: Cassava Mosaic Disease, ** significant 

level: P ≤ 0.01, *** significant level: P ≤ 0.001, 

 

 

 

 

Non-selected 

varieties 
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Table 3.3. Characteristics of evaluated and selected clones in 2003:  

Mbalmayo on-station trial (one-way ANOVA)  
     

Clones 
TFW DM CMD 

(t ha
-1

) (%) (score) 

8085 20.28 bcd 41.58 1.40 ab 

8804772 21.80 bcde 38.34 1.00 a 

81/00110 23.11 cde 38.28 1.00 a 

88071-3 24.32 de 41.68 1.00 a 

91/02325 23.36 cde 39.68 1.00 a 

92/0057 22.82 cde 38.79 1.00 a 

92/0326 29.19 ef 40.59 1.20 a 

95/0109 37.60 g 42.89 1.00 a 

96/0023 26.70 fg 38.34 1.00 a 

BBulkP6 28.88 ef 35.54 1.00 ab 

96/0867 18.98 a 38.00 1.00 ab 

96/1414 34.69 fg 39.56 1.00 a 

96/1762 15.92 abc 37.31 1.00 a 

M94/0121 23.36 bcde 39.68 1.00 a 

LMR 20.45 bcd 41.14 2.53 c 

85170 10.98 a 38.99 1.40 ab 

92/0067 17.16 abcd 37.41 1.20 a 

92/0509 17.24 abcd 37.97 1.80 b 

Cam 62 14.61 ab 37.17 3.73 d 

Gbazekoute 11.00 a 36.18 1.40 ab 

Clone effect *** ns *** 

 

 

 

 
 

  

TFW: Marketable Tuber Fresh Weight, DM: Percent Dry Matter, CMD: Cassava Mosaic Disease, Meal: 

Mealiness, ns: not significant (P > 0.05), *** significant level: P ≤ 0.001, t ha-1: tons per hectare 

 

 

 

 

 

Non-selected 

varieties 
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Table 3.4. Characteristics of evaluated and selected clones in 2004:  

Mbalmayo on-station trial (one-way ANOVA) 

 

Clones 
TFW DM CMD Mealiness 

(t ha
-1

) (%) (score) (score) 

8085 34.56 e 42.55 1.13 ab 1.67ab 

88071-3 33.27 e 46.74 1.13 ab 1.67ab 

92/0057 32.97 de 44.40 1.00 a 2.33bcd 

92/0326 23.91 bcd 46.59 1.27 abc 2.67cd 

96/0023 27.21 cde 42.72 1.13 ab 2.67cd 

96/1414 28.05 cde 44.11 1.00 a 1.33a 

8804772 28.20 cde 44.48 1.27 abc 2.33bcd 

95/0109 25.81 cde 45.38 1.00 a 2.00abc 

BBulkP6 28.35 cde 42.10 1.00 a 2.00abc 

96/1762 34.13 e 47.19 1.13 ab 2.00abc 

M94/0121 20.47 abc 44.85 1.13 ab 2.00abc 

81/00110 16.64 ab 40.66 1.67 d 1.33a 

91/02325 13.94 a 44.40 1.53 cd 1.33a 

96/0867 13.97 a 42.36 1.40 bcd 1.33a 

LMR 13.87 a 41.83 2.00 e 3.00d 

Clone effect *** ns *** *** 

 

 

Table 3.5. Characteristics of evaluated and selected clones in 2005:  

Mbalmayo on-station trial (one-way ANOVA) 
     

Clones 
TFW DM CMD 

(t ha
-1

) (%) (score) 

8085 19.25 cd 43.63 1.13 

8804772 22.41 d 42.05 1.00 

88071-3 21.67 cd 39.27 1.53 

92/0057 16.36 b 44.42 1.67 

92/0326 23.10 d 40.17 1.00 

95/0109 28.34 e 40.54 1.00 

96/0023 18.17 bc 41.48 1.40 

BBulkP6 21.74 cd 42.38 1.00 

96/1414 19.01 bcd 41.44 1.00 

96/1762 21.95 cd 41.64 1.00 

M94/0121 10.77 a 43.29 1.00 

LMR 10.20 a 41.34 1.27 

Clone effect *** ns ns 

 

 

Farmer selected 

varieties  

Researcher selected 

varieties  

Non-selected 

varieties 

TFW: Marketable Tuber Fresh Weight, DM: Percent Dry Matter, CMD: Cassava Mosaic Disease, Meal: 

Mealiness, ns: not significant (P > 0.05), *** significant level: P ≤ 0.001, t ha-1: tons per hectare 

 

 

 

 



28 
 

Table 3.6. Characteristics of evaluated clones in 2006:  

Mbalmayo on-station trial (one-way ANOVA) 

 

Clones 
TFW DM CMD 

(t ha
-1

) (%) (score) 

8085 21.85 bcdef 37.03 1.4 abc 

8804772 20.84 bcde 39.68 1.2 ab 

88071-3 23.87 bcdefg 38.47 1.2 ab 

92/0057 29.80 efg 39.65 1.0 a 

92/0326 33.13 f 36.95 1.2 ab 

95/0109 29.09 efg 40.80 1.0 a 

96/0023 28.55 defg 36.70 1.2 ab 

BBulkP6 25.83 cdefg 31.60 1.0 a 

96/1414 31.05 fg 40.39 1.0 a 

96/1762 23.60 bcdefg 45.22 1.2 ab 

M94/0121 15.08 ab 40.89 1.0 a 

LMR 24.34 bcdefg 42.72 2.93 d 

I93/0078 18.73 bc 41.27 1.8 c 

I93/0523 17.17 bc 43.06 1.6 bc 

I95/0440 06.19 a 38.27 1.4 abc 

I95/0902 19.33 bcd 39.43 1.4 abc 

Clone effect *** ns *** 

 

 

 

 

 

 

  

TFW: Marketable Tuber Fresh Weight, DM: Percent Dry Matter, CMD: Cassava Mosaic Disease, Meal: 

Mealiness, ns: not significant (P > 0.05), **significant level: P ≤ 0.01, *** significant level: P ≤ 0.001, t ha-1: tons 

per hectare 

One-way ANOVA was performed using Cropstat ver. 7.2. Values are the means of 3 replicates. Means with the 

same letter in a column are not significantly different at the indicated level of significance (Tukey’s test). 

 

 

 

 

 

Introduced varieties from 
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selection  
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Table 3.7. Characteristics of selected clones from 2002 to 2006:  

Mbalmayo on site trial (two-way ANOVA) 

 

Variables 
TFW DM CMD MEAL 

(t ha
-1

) (%) (score) (score) 

2002 22.26 41.01 a 1.18 2.03 

2003 26.06 39.63 a 1.22 1.97 

2004 27.57 44.41 b 1.04 2.14 

2005 19.41 41.81 ab 1.21 2.03 

2006 25.59 39.17 a 1.32 2.11 

Year effect * ** ns ns 

8085 23.66 bcd 40.94 1.21 ab 1.73 b 

8804772 22.01 abc 40.95 1.09 a 1.93 bc 

88071-3 26.97 cd 42.06 1.17 a 1.93 bc 

92/0057 24.88 bcd 41.8 1.13 a 2.07 bcd 

92/0326 25.82 bcd 40.31 1.13 a 2.27 cd 

95/0109 28.42 d 42.8 1.00 a 2.07 bcd 

96/0023 25.77 bcd 38.84 1.15 a 2.40 cd 

BbulkP6 26.48 cd 38.65 1.00 a 1.87 bc 

96/1414 27.10 cd 41.68 1.00 a 1.33 a 

96/1762 22.66 abc 41.61 1.07 a 2.00 bcd 

LMR 16.33 a 42.14 2.32 b 3.00 d 

M94/0121 20.06 ab 42.66 1.01 a 2.00 bcd 

Clone effect *** ns *** *** 

Clone x year  ** ns ** * 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TFW: Marketable Tuber Fresh Weight, DM: Percent Dry Matter, CMD: Cassava Mosaic Disease, Meal: 

Mealiness, ns: not significant (P > 0.05), *significant level: P ≤ 0.05, **significant level: P ≤ 0.01, *** significant 

level: P ≤ 0.001, t ha-1: tons per hectare 

Two-way ANOVA was performed using Cropstat ver. 7.2. Values are the means of 3 replicates. Means with the 

same letter in a column are not significantly different at the indicated level of significance (Tukey’s test). 
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Fig. 3.1. IITA breeding scheme adopted for evaluation in Cameroon 
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Fig. 3.3. Incidence of Cassava Mosaic Disease 

(CMD) on LMR in Mbalmayo 

Fig. 3.2. Experimental layout at Mbalmayo 

Fig. 3.4.  Participatory field visit and 

sensory evaluation in Mbalmayo 
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          Fig. 3.5.  TFW vs. TDW for 2001 trial used for clonal selection 

 

 

 

 

 
 

Fig.3.6. Cassava yield evaluation in Mbalmayo between 2002 and 2006 
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Fig3.7. TFW of tested clones between 2002 and 2006. 
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CHAPTER 4 

ON-FARM PARTICIPATORY CASSAVA EVALUATION  

 

 

4.i. Introduction 

In conventional breeding and testing programs, on-farm trials are conducted as the final step in 

a long selection process that may involve many replicated trials conducted on research stations. 

These trials are good for measuring agronomic traits, but they often do not include a step where 

farmers are asked their opinion about the varieties in the test. On-farm participatory evaluation 

which is conducted under the complete management of farmers provides information about the 

performance of new varieties under the real conditions faced by farmers.  Traits like weed 

competitiveness and yield under low-fertility conditions can be assessed.  

Participatory variety selection (PVS) trials are managed by farmers or use the same 

management techniques used by farmers, and they always include a step in which farmers 

opinions are collected in a way that allows the information to be summarized as numbers or 

ratings, as well as a lists of farmers’ comments about the varieties. In this step, the opinions of 

women farmers, poor farmers, and farmers from minority ethnic and social groups are 

specifically sought.  

In Cameroon, cassava is cultivated in all regions and it constitutes at the same time a food and 

revenue crop for the producers. However, its production remains of traditional type with a low 

level of intensification, of which the use of traditional cultivars often less productive and 

susceptible predominates. To mitigate these, the continuous provision of improved varieties to 

farmers prove to be the best option but its adoption has been limited due to contrasting 

cropping systems and socio-economic importance for targeted varieties. Breeding and cultivar 

introduction programs produce and evaluate many varieties under good management that 

produce high yield in on-station trails but sometimes do not perform well in farmers’ fields or 

may lack a quality trait that is important to farmers.  

Owing to the fact that some parts of cassava growing area in Cameroon are located at different 

agro-ecological zones from Mbalmayo where on-station trial was conducted, the need was 
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obvious for further testing for adaptation in different locations because the yield performance 

of cassava is often not constant when tested over different environments (Egesi et al., 2007). 

Secondly, it has been demonstrated that Genotype x Environment (G x E) interactions can be 

significant in cassava farming and that CMD may be latent in vegetative material and may not 

produce symptoms until the third cycle of propagation and this type of symptom masking will 

most likely be in cultivars with a high level of resistance to CMD (Olufemi et al., 2008). 

Thirdly, there are marked producer and consumer preferences as to the type of variety grown 

and these determine the uptake of new varieties in small-holder farming systems (Polson and 

Spencer, 1991). Also, the variety of cassava for large-scale agriculture is markedly different 

from those adapted to small-holder farmers. Thus, there is need for identification of varieties 

with constant performance and which do not respond to the environmental variations, under 

ample or specific conditions (Carvalho et al., 2000). In this regard, the knowledge of the 

capacity of clones in responding to the environment stimulus advantageously (adaptability) and 

maintaining constant yield in diverse locations (stability) can contribute for a more precise 

evaluation of the genetic materials.  

There are several ways for measuring adaptability and stability of genotypes, which are based 

in individual and combined analysis of variance of experimental data collected at different 

locations (Davide, 1990). The method of Eberthart and Russell is based on linear regression 

and considers desirable the clones with high mean yield, regression coefficients of one and 

practically regression deviation of value zero. Adaptability is obtained through the mean and 

regression coefficient, whereas stability is calculated by the variance or mean square of 

regression deviations (MSdev) (Rocha, 2002). The objective of this study was to evaluate the 

adaptability and stability of six clones of cassava under farmer condition and across different 

agroecological zones where PNDRT antennas are located for targeted dissemination of 

improved planting materials. 

 

4.ii. Materials and Methods 

4.ii.i. Study sites 

On-farm trials were established in four locations (Kribi, 2
o
93N; 9

o
93E; Bafia, 4

o
65N; 1

 o
23E; 

Sangmelima, 2
o
92N; 12

o
02E and  Yaounde, 3

o
85N; 11

o
52E) in 2004 each having 4 sites and 
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five locations (Batchenga, 3
o
96N; 11

o
21E; Ngoulemakong, 2

o
78N; 11

o
36E; Okola, 4

o
05N; 

11
o
38E;  Mbengwi, 5

o
35N; 9

o
72E and Bamenda, 6

o
03N; 10

o
11E) in 2005 each having 3 sites 

except for Batchenga location that had 2 sites. In total, thirty sites were established in 2004 and 

2005 for on-farm participatory evaluation (Fig.4.1). Due to agroecological differences in 

Cameroon, regional trials were established in 2006 in Ebolowa, 2
o
53N; 11

o
08E; Bertoua, 

2
o
16N; 12

o
16E;  Kumba, 4

o
65N; 9

o
43E ; Bamenda, 6

o
03N; 10

o
11E and Ngaoundere 7

o
52N; 

13
o
83E, representing forest with bimodal rainfall, Forest/Savannah transition, Forest with 

monomodal rainfal, Western Highlands and Guinea Savannah respectively. In each location, 

six improved cassava clones (8085, 88071-3, 92/0057, 92/0326, 96/1414 and 96/0023) and one 

local cultivar (local manioc rouge (LMR) with three best local were used.  

Potential partners (CASD in Ebolowa, CODASC/Chris Roi in Bertoua, CDSTS in Kumba, 

PRTC in Fonta Bamenda and University of Ngaoundere in Ngaoundere) with human and 

logistical capacity were identified to lead regional trials as well as production of planting 

material. They were also associated in the on-farm trial to assist with monitoring and 

evaluation. The support of local government and extension officials, farmer groups and local 

NGOs was obtained in a planning meeting before trial establishment. 

4.ii.ii. Field experimentation 

Thirty on-farm trials were established to ensure that varieties are tested under a range of 

environment and conditions and to increase the accuracy of variety means.  All trials were 

planted in April/May and land was prepared with minimum tillage and cassava cuttings 

measuring 30cm long were planted at 1m x 1m (10,000 plants ha
-1

) interval. The experimental 

design was a randomized complete block in three replications of 5 x 5 plants per experimental 

unit. Cultural practices were restricted to weeding and no fertilizer was applied.  

Two field visits was organized with farmers at the vegetative growth stage and at harvest (Fig 

4.2). The purpose for the field visits was for farmers to assess plant growth and vigor, leafiness 

and plant canopy cover, branching habit and height, root yield, root quality in term of number, 

size, shape, peel colour and processing options.  
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4.ii.iii. Data collection and analysis 

With the aid of rain gauge installed at certain location by the ministry of agriculture and rural 

development (MINADER), monthly rainfall data was recorded between 2006 and 2007 (Table 

4.1) for regional trials to compare yield across different location. Harvesting of cassava was 

done 12 months after planting (MAP) for all on-farm and regional trials except in Ngaoundere 

that was harvested at 18 MAP. Yield components at harvest included number of marketable 

tubers and weight, tuber dry matter content (following the method described by Kawano et al., 

1987) and mealiness.  

CropStat 7.2, developed by the International Rice Research Institute (Manila, Philippines) was 

used to analyze the data while yield and sensory quality parameters were subjected to ANOVA 

(P ≤ 0.05). A two-way ANOVA (clone x site) was performed and if significant, the least 

significant difference (LSD) obtained from Tukey’s test was used to compare mean data. The 

indigenous cultivars that were introduced by farmers at various locations was not used for 

analysis because they were not the same in all locations but local manioc rouge (LMR) was 

used to compare the clones across the locations.  

4.ii.iii.i. Preference analysis  

Preference analysis (PA) was used to collect information about which varieties farmers prefer 

as percent of vote cast. The objective for using PA was to rapidly and simply assess the 

opinions of farmers regarding varieties per location.  This was done by allowing farmers to 

vote for their preferred varieties during field visit at vegetative growth stage and at harvest by 

depositing paper ballots in front of each plot. After votes are tallied, farmers were asked why 

they preferred the varieties receiving the most votes and important information about traits 

farmers’ value (flowering, leafiness, branching habit, stem thickness, canopy cover and petiole 

colour) as well as their initial impressions of new varieties was revealed as discussed in chapter 

five. Farmers tend to enjoy this process which can be described to them as an election and 

works well with illiterate farmers since they do not have to read or write to take part. Although 

the voting procedure in PA is easily conducted, focus-group discussion was organized to 

clarify the voting results. 
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4.ii.iii.ii. Baby trials 

On-farm trials allowed for identification of a small group of varieties that yield well under 

farmer management and chosen by farmers as desirable in the PA process.  More information 

on potential adoption of these varieties is obtained in Baby trial. In the Baby trials, farmers 

received two of the varieties selected in the on-farm trials to plant on their own farms with 

support of PNDRT regional antennas. Farmers’ farm were visited by PNDRT during planting 

to ensure that the trials are established and the varieties can be identified and later in the 

growth stage to ask farmers to rate the varieties relative to their own variety.  

Prior to planting, PNDRT organized meeting with farmers in which the objectives and 

procedures of Baby trial are explained. Each farmer received one bundle (50 cuttings of 1m) of 

cassava cuttings of two varieties to plant in their own farm. During this meeting, cuttings of 

each variety are shown to farmers with names/labels and the address of farmer receiving each 

bundle is recorded including other socioeconomic information (ethnic group, farm size, land 

type, etc.), used to determine if different groups of farmers prefer particular type(s) of varieties.  

Farmers plant Baby trials themselves and at the same time as they plant the rest of their crop. 

No special layout or plot size is needed but the varieties are planted close to each other to 

facilitate comparison. Farmers use their normal land preparation and planting density for Baby 

trial and identify each plot immediately after planting. Each Baby trial is visited to record the 

condition of the trial and farmers are asked to rate each variety for their overall opinion and are 

asked if they plan to grow the variety next season.  After harvest, a meeting of participating 

farmers is organized where each farmer is asked in a group discussion to rate the performance 

of the varieties for yield and overall preference including eating quality and talk about the good 

and bad features of the varieties.  Information generated in this process was documented by 

PNDRT and reported to the plant quarantine division in the ministry of agriculture and rural 

development (MINADER) for consideration and variety release.  

4.iii. Results and Discussion 

4.iii.i. 2004 On-farm trials 

In 2004, 7 clones (8085, 88071-3, 96/0023, 96/1414, 92/0326, 92/0057, LMR) were cultivated 

in 4 locations (Bafia, Kribi, Sangmelima, Yaounde), each having 4 sites. The 2-way ANOVA 
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to test the sites (16) x clones (7) or locations (4) x clones (7) interactions was significant for all 

components (TFW, %DM, Meal) (P = 0.0001); indicating different patterns of clones in the 4 

locations or the 16 sites.  Therefore, the discussion is made focusing on locations, separately.  

4.iii.i.i. Bafia 

In Bafia, 2-way ANOVA was used to test the site x clone interaction (Fig.4.3). The result was 

significant for TFW and Meal (P = 0.032, P = 0.002, respectively); indicating a differences in 

the 4 sites. In other words, a clone can perform significantly better in some sites and not in 

others. However, the interaction was not significant for the % DM, which shows that clones 

have an overall similar dry matter whichever the site. The different sites might have different 

soil characteristics and the rainfall distribution might have not been identical in the 3 sites. The 

Fig. 4.6 compares the TFW of each clone in the 4 sites. It shows that no significant difference 

was observed within sites for the clones 8085, 88071-3, 92/0023, 96/1414 and LMR. In other 

words, the TFW of these clones do not differ from the different sites they were cultivated in 

Bafia. However, for 92/0057, the site Goufan1 performed significantly better than Goufan2 but 

show similar yielding trend with Tchekane and Goufan Centre. In contrast, for 92/0326, the 

site Tchekane gave significant higher fresh tubers than Goufan1, but its yield was comparable 

with the 2 remaining sites. This reflected the significant interaction between site x clone.  

When we consider the average production of each clone in the 4 sites of Bafia, we figure out 

that 92/0057, followed by 92/0326 and 92/0023 give significant higher fresh tubers compared 

to the local clone LMR and the improved clones 88071-3 and 8085 in a lower extend.  

On the other hand, when we compare the TFW of clones among them in the different sites, 

separately (Fig. 4.7), we observe that at Tchekane, 92/0023 gives significant higher fresh 

tubers compared to the other clones except 92/0057 and 88071-3. At Goufan1, the clone 

92/0057 significantly performed best compared to the other clones; 92/0326 also giving 

significant high yields. At Goufan Centre, the same clone 92/0057 together with 92/0326 and 

92/0023 also give significant good yield of fresh tubers. At Goufan 2, 92/0057, 88071-3, 

92/0326 showed significant higher fresh tubers compared to the local clone LMR and the 

improved variety 8085. These results confirmed the variation of the yielding pattern of clones 

across sites. However, some clones such as 92/0057, 92/0023 and in less extend 88071-3 have 

regular good yields across the sites of Bafia.  
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4.iii.i.ii. Kribi 

In Kribi (Table 4.4), 2-way ANOVA was used to test the site x clone interaction. The result 

was not significant for TFW, % DM and Meal. This indicates that the different clones give 

similar patterns in all the 4 sites of Kribi. Therefore, the 2-way ANOVA table (Table 4.4) is 

considered to discuss the clones’ characteristics. Considering the site effect, we observed that 

there was significant difference among them; taking into account that the values for each site 

correspond to the average production of all clones cultivated in the site. The clone effect shows 

a significantly higher tuber fresh weight for 92/0326, 96/0023 and 96/1414 compared to the 4 

remaining clones. Here, we observed that some improved varieties did not give significantly 

higher fresh tuber weight compared to the local variety LMR. Interestingly, two (92/0326 and 

96/0023) of the significantly higher yielding varieties also show good meal scores, closer to 

that of the praised local LMR.  

4.iii.i.iii. Sangmelima 

In Sangmelima (Table 4.5), 2-way ANOVA was used to test the site x clone interaction. The 

result was not significant at 5% level for TFW, % DM and Meal. This indicates that the 

different clones give similar patterns in all the 4 sites of Sangmelima. Therefore, the 2-way 

ANOVA table (Table 4.5) is considered to discuss the clones’ characteristics. Considering the 

site effect, we observed that there was no significant difference among them; taking into 

account that the values for each site correspond to the average production of all clones 

cultivated in the site. The clone effect shows a significantly higher tuber fresh weight for 

92/0326, 96/0023 and 96/1414 compared to the 4 remaining clones; similar to what is observed 

at Kribi. The clone 92/0057 shows an intermediate production pattern. Here, we observed that 

some improved varieties did not give significantly higher fresh tuber weight compared to the 

local variety LMR. Two (92/0326 and 96/0023) of the best clones also show good meal scores, 

closer to that of the praised local LMR.  

4.iii.i.iv. Yaounde 

In Yaounde (Table 4.6), 2-way ANOVA was used to test the site x clone interaction. The result 

was significant for %DM and Meal; indicating a different pattern in the 4 sites.  In other words, 

a clone can have significantly higher %DM or Meal scores in some sites and not in others. 

However, the interaction was not significant for the TFW, which shows that clones have an 

overall similar tuber fresh production irrespective of sites. Therefore, for TFW, this 2-way 
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table will be considered. The clone effect shows a significantly higher tuber fresh weight for 

92/0326, 96/0023 and 96/1414 compared to the 4 remaining clones. The clone 92/0057 shows 

an intermediate production pattern. This is similar to what is observed at Sangmelima.  

4.iii.ii. 2005 On-farm trials 

In 2005, the 7 clones used in 2014 were repeated in 5 locations (Batchenga, Ngoulemakong, 

Okola, Mbengwi, Bamenda), each having 3 sites, except Batchenga that had 2. The 2-way 

ANOVA to test the sites (14) x clones (7) or locations (5) x clones (7) interactions was 

significant for TFW and Meal (P = 0001); indicating different patterns in the 5 locations or the 

14 sites. Therefore, the discussion is made focusing on locations, separately. The results are 

shown in Fig 4.5.   

4.iii.ii.i. Bamenda 

In Bamenda, 2-way ANOVA was used to test the site x clone interaction. Results were not 

significant at 5% level for TFW and % DM but significant for Meal. This indicates that the 

different clones give similar yielding patterns in all the 3 sites of Bamenda. Therefore, the 2-

way ANOVA table (Table 4.7) is considered to discuss the clones’ characteristics. Considering 

the site effect, we observed that there was significant difference among them; taking into 

account that the values for each site correspond to the average production of all clones 

cultivated in the site. The clone effect shows a significantly lower tuber fresh weight for the 

local variety LMR, which did not significantly differ with 96/0023 and 8085 clones. The 

remaining 4 clones give significant higher TFW. The overall water content of tubers did not 

differ among clones. The significance of the interaction for Meal indicates that respondents in 

the different sites of Bamenda do not appreciate the varieties in the same way. This farmer’s 

preference is very important for the adoption of varieties.  

4.iii.ii.ii. Batchenga 

In Batchenga, 2-way ANOVA was used to test the site x clone interaction. Results were not 

significant at 5% level for TFW and % DM but significant for Meal. This indicates that the 

different clones give similar yielding patterns in the 2 sites of Batchenga. Therefore, the 2-way 

ANOVA table (Table 4.8) is considered to discuss the clones’ yielding patterns. Considering 

the site and clone effect separately, we observed no significant difference among sites and 

among clones at 5% level.  In the 2 sites of Batchenga, clones’ yields did not significantly 
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differ, although the local clone LMR gives lower yields. The overall water content of tubers 

did not differ among clones. The significance of the interaction for Meal indicates that 

respondents in the 2 sites of Batchenga do not appreciate the varieties in the same way, similar 

to what is observed in Bamenda. This farmer’s preference is very important for the adoption of 

varieties.  

4.iii.ii.iii. Mbengwi 

In Mbengwi, 2-way ANOVA was used to test the site x clone interaction. Results were not 

significant at 5% level for TFW and % DM but significant for Meal. This indicates that the 

different clones give similar yielding patterns in the 3 sites of Mbengwi. Therefore, the 2-way 

ANOVA table (Table 4.9) is considered to discuss the clones’ yielding patterns. The site effect 

shows no significant difference between sites, considering that values of each site are the 

average production of all clones. The clone effect shows significant differences between clones. 

The local clone LMR gave significant lower fresh tubers, although its yield did not 

significantly differ from that of 8085 and 88071-3. Improved varieties 92/0057, 92/0326, 

96/0023 and 96/1414 had significant higher fresh tuber yields. The overall water content of 

tubers did not differ among clones. The significance of the interaction for Meal indicates that 

respondents in the 3 sites of Mbengwi do not appreciate the varieties in the same way, similar 

to what is observed in Bamenda and Batchenga. This farmer’s preference is very important for 

the adoption of varieties.  

4.iii.ii.iv. Ngoulemakong 

In Ngoulemakong, 2-way ANOVA was used to test the site x clone interaction. Results were 

not significant at 5% level for TFW, % DM and Meal. This indicates that the different clones 

give similar patterns in the 3 sites. Therefore, the 2-way ANOVA table (Table 4.10) is 

considered to discuss the clones’ characteristics. The site effect shows no significant difference 

between sites; taking into account that values of each site are the average production of all 

clones. The clone effect shows significant differences between clones for TFW, %DM and 

Meal. Similarly to the other locations, in Ngoulemakong, the improved varieties 92/0057, 

92/0326, 96/0023 and 96/1414 give significant higher fresh tuber yields; with 96/1414 having 

the best performance. The analysis of the %DM shows a higher starch content in most of the 

improved varieties; an important trait for variety adoption. However, the local LMR has a 

better score for Meal compared to the improved varieties. This characteristic may not count 
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much in the adoption of varieties when we know that farmers usually adopt improved varieties 

for processing. 

4.iii.ii.v. Okola 

In Okola, 2-way ANOVA was used to test the site x clone interaction. Results were not 

significant at 5% level for TFW, % DM and Meal. This indicates that the different clones give 

similar patterns in the 3 sites. Therefore, the 2-way ANOVA table (Table 4.11) is considered to 

discuss the clones’ characteristics. The site effect shows no significant difference between 

sites; taking into account that values of each site are the average production of all clones. The 

clone effect shows significant differences between clones for TFW and Meal but not for %DM. 

Similarly to the other locations, in Okola, the improved varieties 92/0057, 92/0326, 96/0023 

and 96/1414 give significant higher fresh tuber yields. The analysis of the %DM shows no 

significant difference between clones but the local LMR clone has less starch content as also 

shown in Ngoulemakong. However, the local LMR has a better score for Meal compared to the 

improved varieties. Clones 92/0326 and 96/0023 have good Meal scores that can lead to better 

adoption.  

4.iii.iii. 2006 Regional trials 

A regional trial was performed in 2006, representing five agro-ecological zones in Cameroon 

((Bamenda (Northwest: western highland), Kumba (Southwest: forest monomodal rainfall), 

Bertoua (East: Forest-Savanna transition), Ebolowa (South: Forest bimodal rainfall), and 

Ngaoundere (Adamawa: Guinea savanna)), using 6 selected varieties and the local clone LMR. 

In each location, some preferred local varieties were added for comparison. The 2-way 

ANOVA involving the 5 locations and the 7 varieties that were cultivated in all the locations 

was performed. The results show that location x clone interaction is significant at 0.05 level for 

TFW, but non-significant for DM and Mealiness.   

Considering the site effect, significant difference was only observed for %DM, where 

Bamenda and Ngaoundere sites, give significant higher percent dry matter of tubers compared 

to other sites. Kumba showed significant higher percent dry matter compared to Ebolowa 

which production was significantly higher than Bertoua that showed the lowest values. The 

clone effect shows that improved varieties 92/0326, 96/1414, 92/0057, 96/0023, and 88071-3 

give significant higher fresh tuber yields, compared to the local LMR irrespective of the 
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location, with a better performance of 92/0326. The improved variety 8085 did not show 

significant difference with the local LMR in terms of tuber fresh weight. In general, clones did 

not show significant differences in terms of percent dry matter of tubers. Considering the Meal, 

the good point is that high yielding varieties such as 92/0326 and 96/0023 show good scores, 

important to facilitate their adoption.  

 

4.iii.iv. G x E for regional trials in 2006. 

2-way ANOVA analysis in each location showed that most of variables are not significant in 

terms of site except for DM for regional trials in 2006 (Table 4.12).  This makes it difficult to 

compare growth performances with environmental factors (G x E).  However, in case of 

regional trials, locations are distributed in contrasting agro-ecological zones all over the 

country, so that G x E analysis can be possible in certain extent.  The precipitation data are 

available in 2006 and 2007 (Table 4.1) and respective monthly precipitation is shown in Fig. 

4.8. where Ebolowa shows bimodal rainfall in Forest zone; Bertoua, bimodal in 

Forest/Savannah transition; Kumba, monomodal in Forest; Bamenda,monomodal in Western 

Highlands; Ngaoundere, monomodal in  Guinea Savannah.  TFW was not significant in terms 

of location (Fig.4.12), but if LMR is not considered, the varieties became significant at 0.05 

level (data not shown).  Therefore, relationship between precipitation of the growing period 

and TFW are considered.  Fig. 4.13 shows that average value of TFW of improved varieties 

have negative correlation with precipitation during the growing period (r= 0.69**).  

Considering the growth period of Ngaundere is 18 months, correlation becomes better if 

adjusted in 12 months.   

 

4.iv. Conclusion 

Breeding and cultivar introduction programs produce and evaluate many varieties that produce 

high yield in trials on the research station but sometimes do not perform well in farmers’ fields 

or may lack a quality trait that is important to farmers.  

Owing to the fact that some parts of cassava growing area in Cameroon are located at different 

agro-ecological zones from where on-station trial was conducted, the need was obvious for 
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further testing for adaptation in different locations because the yield performance of cassava is 

often not constant when tested over different environments as a result of G × E interactions.  

Considering the site effect in all locations, significant difference was observed for %DM, 

where Bamenda and Ngaoundere sites, give significant higher percent dry matter of tubers 

compared to other sites. Kumba showed significant higher percent dry matter compared to 

Ebolowa which production was significantly higher than Bertoua that showed the lowest values. 

The clone effect shows that improved varieties 92/0326, 96/1414, 92/0057 and 96/0023 give 

significant higher fresh tuber yields, compared to the local LMR irrespective of the location, 

with a better performance of 92/0326. The analysis of the %DM shows a higher starch content 

in the improved varieties while variety 92/0326 and 96/0023 show good meal scores, an 

important trait for variety adoption. Based on agronomic, sensory qualities and socio-economic 

characteristics, varieties 92/0326, 96/1414, 92/0057 and 96/0023 were preferred and selected 

for cultivation by farmers at household level. 

 

 

 

 

 

 

Table 4.1. Monthly rainfall data in 2006 and 2007  

 
       

Location Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec TOTAL 

Ebolowa 
2006 83.50 99.00 158.60 227.90 196.10 137.60 39.10 9.90 300.60 233.90 215.70 81.00 1782.90 

2007 0.00 37.30 54.70 190.50 203.10 136.00 24.60 116.70 24.60 222.20 179.90 34.30 1223.90 

Kumba 
2006 10.10 75.50 243.30 189.20 231.60 271.20 317.90 - - - - 0.00 1338.80 

2007 0.00 98.00 79.30 234.60 266.20 289.00 386.50 284.30 300.10 263.00 155.00 26.50 2382.50 

Bertoua 
2006 1.50 97.60 69.30 168.40 90.10 78.90 114.90 212.40 219.40 170.70 126.90 - 1350.10 

2007 0.00 10.90 62.30 164.00 130.20 100.50 122.80 318.60 307.80 292.20 114.50 0.70 1624.50 

Bamenda 
2006 0.00 24.90 63.40 141.10 258.70 347.40 347.90 505.10 533.90 219.70 22.70 0.00 2464.80 

2007 0.00 25.00 64.50 246.50 66.30 259.90 259.90 286.20 296.90 210.20 32.00 3.10 1750.50 

Ngaoundere 
2006 0.70 25.20 48.90 96.20 196.60 173.30 317.20 235.20 185.30 175.80 5.70 0.00 1460.10 

2007 0.00 27.20 1.20 136.60 308.90 146.60 277.00 460.00 302.00 258.10 50.10 0.00 1967.70 
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Table 4.2. Number of vote cast and percent score per location 

N = 20 Ebolowa  Bertoua   Bamenda  Ngaoundere  

Varieties/Location 

No. of 

votes  

% 

vote 

No. of 

votes  

% 

vote 

No. of 

votes  

% 

vote 

No. of 

votes  

% 

vote 

92/0057 11 55 10 50 20 100 20 100 

92/0326 18 90 20 100 14 70 15 75 

96/1414 13 65 13 65 18 90 11 55 

96/0023 20 100 18 90 13 65 11 55 

M94/0121 7 35 8 40 8 40 12 60 

8085 7 35 7 35 6 30 9 45 

88071-3 8 40 7 35 5 25 8 40 

Varieties “A” were selected for agronomic and sensory qualities, B for bee keeping and C rejected 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.3. Production by clones over sites (2-way ANOVA) in Bafia 2004 

 

Variables 
Weight DM MEAL 

(unit) % (score) 

Tchekane 19.73 38.66 1.86 

Goufan1 17.97 39.05 1.81 

GOufanC 15.64 39.47 1.71 

Goufan2 14.96 38.7 1.76 

Site effect ns ns ns 

8085 14.17 ab 38.77 1.25 a 

88071-3 12.86 a 36.05 1.58 ab 

92/0057 24.35 c 38.68 1.58 ab 

92/0326 19.78 bc 40.01 1.58 ab 

96/0023 19.10 bc 41.27 2.00 b 

96/1414 16.44 ab 39.4 1.50 ab 

LMR 12.85 a 38.6 3.00 c 

Clone effect ** ns *** 

Site x clone effect * ns ns 

A 

C 

B 

TFW: Marketable Tuber Fresh Weight, DM: Percent Dry Matter, Meal: Mealiness, **significant level: P ≤ 0.01, *** 

significant level: P ≤ 0.001, ns: not significant (P > 0.05), t ha-1: tons per hectare 

Two-way ANOVA was performed using Cropstat ver. 7.2. Values are the means of 3 replicates per site and location. Means 

with the same letter in a column are not significantly different at the indicated level of significance (Tukey’s test). 
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Table 4.4.  Production by clones over sites (2-way ANOVA) in Kribi, 2004 

 

Variables 
TFW DM MEAL 

t ha
-1

 % (score) 

Fifinda 19.85 42.15 1.71 

Bikondo 16.98 39.15 1.76 

Lendi 15.3 39.43 1.81 

Akok 15.22 38.94 1.71 

Site effect ns ns ns 

8085 14.10 a 38.59 1.00 a 

88071-3 14.73 a 38.34 1.33 b 

92/0057 14.92 a 39.22 1.42 b 

92/0326 20.84 b 42.24 2.00 c 

96/0023 20.72 b 42.5 2.00 c 

96/1414 20.19 b 38.57 1.50 b 

LMR 12.37 a 39.96 3.00 d 

Clone effect *** ns *** 

Site x clone effect ns ns ns 

Table 4.5. Production by clones over sites (2-way ANOVA) in Sangmelima, 2004  

 

Variables 
TFW DM MEAL 

t ha
-1

 % (score) 

Ndiantom 20.24 40.44 1.86 

Bissono 18.48 39.29 1.81 

Avebe 17.96 39.85 1.76 

Etun 16.52 39.27 1.76 

Site effect ns ns ns 

8085 14.60 ab 39.34 a 1.33 ab 

88071-3 14.62 ab 38.57 a 1.67 c 

92/0057 18.69 bc 39.10 a 1.17 a 

92/0326 22.67 cd 40.70 bc 2.00 d 

96/0023 20.53 cd 39.79 ab 2.00 d 

96/1414 24.69 d 39.12 a 1.42 b 

LMR 12.30 a 41.37 c 3.00 e 

Clone effect *** ** *** 

Site x clone effect ns ns ns 

 

TFW: Marketable Tuber Fresh Weight, DM: Percent Dry Matter, Meal: Mealiness, *** significant level: P ≤ 0.001, ns: not 

significant (P > 0.05), t ha-1: tons per hectare 

Two-way ANOVA was performed using Cropstat ver. 7.2. Values are the means of 3 replicates per site and location. Means 

with the same letter in a column are not significantly different at the indicated level of significance (Tukey’s test). 
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Table 4.6.  Production by clones over sites (2-way ANOVA) in Yaounde, 2004 

 

Variables 
TFW DM MEAL 

t ha
-1

 % (score) 

Nguibassal 18.82 38.97 1.76 

Nkoabang 15.38 37.53 1.81 

Ndziefidi 15.89 36.08 1.76 

Abonde 20.27 37.52 1.81 

Site effect ns ns ns 

8085 14.51 a 38.25 b 1.17 a 

88071-3 13.33 a 35.87 ab 1.50 ab 

92/0057 17.26 ab 36.82 ab 1.58 abc 

92/0326 21.38 bc 40.09 b 2.00 c 

96/0023 19.11 bc 40.09 b 1.75 bc 

96/1414 23.23 c 33.32 a 1.50 ab 

LMR 14.32 a 38.23 b 3.00 d 

Clone effect ** ** *** 

Site x clone effect ns ** * 

Table 4.7. Production by clones over sites (2-way ANOVA) in Bamenda, 2005  

 

Variables 
TFW DM MEAL 

t ha
-1

 % (score) 

Bali Bawork 20.11 43.67 1.71 

Pinyin 17.28 43.63 1.86 

Okomajang 17.09 41.85 1.90 

Site effect ns ns ns 

8085 16.06 ab 43.01 1.22 a 

88071-3 19.26 bc 42.68 1.44 ab 

92/0057 21.66 c 43.58 2.11 c 

92/0326 20.62 bc 43.13 1.89 bc 

96/0023 16.59 abc 44.2 1.67 abc 

96/1414 21.14 bc 43.63 1.44 ab 

LMR 11.77 a 42.12 3.00 d 

Clone effect * ns *** 

Site x clone effect (P0.05) ns ns * 
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Table 4.8.  Production by clones over sites (2-way ANOVA) in Batchenga, 2005  

 

Variables 
TFW DM MEAL 

t ha
-1

 % (score) 

Nkometou 20.55 42.91 1.77 

Batchenga 15.89 41.27 1.71 

Site effect ns ns ns 

8085 15.50 43.05 1.33 

88071-3 14.68 42.12 1.17 

92/0057 21.95 43.43 2.00 

92/0326 20.90 41.42 1.67 

96/0023 19.64 41.03 2.50 

96/1414 20.53 40.38 1.33 

LMR 14.33 43.20 2.17 

Clone effect ns ns ns 

Site x clone effect (P0.05) ns ns *** 

Table 4.9. Production by clones over sites (2-way ANOVA) in Mbengwi, 2005 

 

Variables 
TFW DM MEAL 

t ha
-1

 % (score) 

Diembeng 21.57 43.89 2.00 

Mbengwi 19.11 42.92 2.00 

Bessi Fomuko 18.46 42.82 2.00 

Site effect ns ns ns 

8085 17.91 abc 41.96 1.00 a 

88071-3 16.91 ab 43.74 1.67 ab 

92/0057 22.23 bcd 42.58 2.11 bc 

92/0326 23.17 cd 43.49 2.00 bc 

96/0023 19.57 bcd 42.12 2.67 cd 

96/1414 24.34 d 43.72 1.56 ab 

LMR 13.87 a 44.85 3.00 d 

Clone effect * ns ** 

Site x clone effect (P0.05) ns ns *** 
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Table 4.10. Production by clones over sites (2-way ANOVA) in Ngoulemakong, 2005  

 

Variables 
TFW DM MEAL 

t ha
-1

 % (score) 

Ekowondo 17.75 43.35 1.76 

Binenyale 18.79 41.28 1.81 

Fone 16.06 42.31 1.67 

Site effect ns ns ns 

8085 15.38 ab 44.15 b 1.33 a 

88071-3 12.36 a 39.67 a 1.67 a 

92/0057 19.80 c 41.63 ab 1.44 a 

92/0326 20.34 cd 45.14 b 1.78 a 

96/0023 18.24 bc 42.13 ab 1.67 a 

96/1414 24.07 d 44.56 b 1.33 a 

LMR 12.52 a 38.90 a 3.00 b 

Clone effect *** * *** 

Site x clone effect (P0.05) ns ns ns 

Table 4.11.  Production by clones over sites (2-way ANOVA) in Okola, 2005 

 

Variables 
TFW DM MEAL 

t ha
-1

 % (score) 

Okola 19.17 39.41 1.76 

Ovodoula 13.95 41.00 1.86 

Okola centre 18.28 42.84 1.81 

Site effect ns ns ns 

8085 14.34 ab 40.26 1.44 b 

88071-3 11.50 a 39.29 1.67 c 

92/0057 18.62 bc 54.60 1.22 a 

92/0326 18.78 c 40.23 2.00 d 

96/0023 21.31 c 39.02 2.00 d 

96/1414 22.05 c 44.54 1.33 ab 

LMR 13.32 a 29.64 3.00 e 

Clone effect *** ns *** 

Site x clone effect (P0.05) ns ns ns 
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Table 4.12. Production by clones over sites (2-way ANOVA), 2006 

 

Variables 
TFW DM MEAL 

t ha
-1

 % (score) 

Bamenda 14.28 38.69 d 1.76 

Kumba 19.37 34.75 c 1.95 

Bertoua 27.12 28.57 a 1.81 

Ebolowa 23.59 32.25 b 1.81 

Ngaoundere 24.41 38.47 d 1.76 

Site effect ns *** ns 

8085 19.92 ab 34.04 1.40 a 

88071-3 20.75 bc 34.95 1.47 a 

92/0057 23.31 bc 33.51 1.47 a 

92/0326 27.78 c 35.33 2.06 b 

96/0023 22.88 bc 34.84 2.00 b 

96/1414 25.12 bc 34.49 1.40 a 

LMR 12.51 a 34.68 2.93 c 

Clone effect * ns *** 

Site x clone effect (P0.05) ** ns ns 

Fig. 4.1. On-station, on-farm and regional trial sites 
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Fig. 4.3. Percent vote for variety preference per location 

Fig. 4.2. Farmer participation in field visits at vegetative and harvest in Ebolowa and Bamenda 
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Fig. 4.4. Tuber Fresh Weight of varieties in 2-004 on-farm 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.5. Tuber Fresh Weight of varieties in 2005 on-farm trial 

 

Fig. 4.5. Tuber Fresh Weight of varieties in 2005 on-farm trial  
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Fig. 4.6. Clones’ Tuber Fresh Weight across sites and their overall production in Bafia 

If there are not small letters above columns of a clone, the clone did not give significant fresh tuber weight within the 4 sites. 

In case the small letters are present (92/0057) and (92/0023), columns of a clone showing same letters are not significantly 

different at 5% P level among them. Big letters were assigned to compare the average production of each clone in the 4 sites 

(black columns). Black columns that have same big letters are not significantly different at 5% P level. Sites’ names are 

mentioned on the right of the Figure. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.7.  Effect of sites on clones’ Tuber Fresh Weight in Bafia 

If there are not small letters above columns of a clone, the clone did not give significant fresh tuber weight within the 4 sites. 

In case the small letters are present (92/0057) and (92/0023), columns of a clone showing same letters are not significantly 

different at 5% P level among them. Big letters were assigned to compare the average production of each clone in the 4 sites 

(black columns). Black columns that have same big letters are not significantly different at 5% P level. Sites’ names are 

mentioned on the right of the Figure. 
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Fig. 4.8.  Annual precipitation for 4 regional locations 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.9.  Relationship between TFW of improved varieties and precipitation of growing 

period. 
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 CHAPTER 5 

FARMERS’ PERCEPTION AND CRITERIA FOR CASSAVA VARIETY 

PREFERENCE 

 

 

5.i. Introduction 

In thinking about researchers’ role in technology transfer, scientists first have to identify with 

whom they collaborate in the process, that is, who are the potential users and who are the 

potential transfer agents. For the case of cassava users may include the independent growers, 

producers’ organizations, consumers and even small industry. Within each of these categories, 

there are still other divisions such as richer and poorer farmers. These diverse users might have 

different priorities in terms of preferred cassava characteristics. The challenge is for 

researchers to anticipate user and transfer agent needs early enough to ensure both the 

relevance of a product and set it on its way toward broader diffusion. Given the three principle 

actors in technology development; researchers, users and transfer agents, the main issue is how 

links may be conceived so as to maximize research transfer efficiency. Often, extension agents 

try to convince farmers of the utility of the research product through controlled plot 

demonstrations or perhaps community meetings. This model promotes a linear mode of 

product development and allows for little or no feedback and can only pass uniform fixed 

message. The model has proven inappropriate where technologies must be adapted to on-farm 

conditions to meet the demands of heterogeneous environments and where users must learn 

and adjust new management techniques. Despite the release of many cassava varieties, 

adoption rates by farmers remain low probably because breeders do not understand or consider 

farmers needs and in some situation they assume that improved productivity (yield) is enough 

to ensure the adoption of a new variety. Farmer on their part often lack access to new varieties 

and information about its benefits.  

Due to regional and socio-cultural differences in Cameroon, smallholder farmers grow various 

cassava cultivars, some of which are locally known to be sweet and bitter cassava while in 

situations where there is mountain pressure on land and farmers need to intensify production, 

as well as in semi-arid regions where cassava is harvested after only one cycle of rain, early 
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storage root bulking varieties has increasingly become more important. El-Sharkawy (2007) 

reported that early storage root bulking has also become important in the subtropics where it 

allows harvest after one calendar season, as opposed to the two calendar seasons typically 

practiced for cassava. It is partly for these reasons that early storage root bulking has recently 

become a major breeding objective in cassava breeding programs in Africa and is considered a 

key requirement for the transition of cassava from a traditional to an industrial crop. Amenorpe 

et al. (2007) reported that farmers in Africa perceive sweet cassava cultivars to be early storage 

root bulking and bitter cultivars as late storage root bulking. Cassava is consumed in many 

forms particularly, fresh, boiled or processed but also for its leaves which serve as vegetables 

and contributing factors that determine varieties for adoption among smallholders (Agwu & 

Anyaeche, 2007).  

Smallholder farmers grow various cassava cultivars and there are marked producer and 

consumer preferences as to the type of variety grown and these determine the uptake of new 

varieties (Zundel et al., 2010). Early maturing variety with high yield has increasingly become 

more important especially in regions where harvesting is after only one cycle of rain (Kamau et 

al., 2011). However, most of the farmers in the rural areas of Cameroon still depend on their 

relatives and neighbours for planting materials which in turn result in mixed cultivars with very 

poor yield at harvest. Adoption of improved cassava varieties and production technologies by 

farmers (Imo, 2006) is the main solution to increased productivity for food self-sufficiency. 

Nweke et al. (1994) revealed that late storage root bulking is the single most important reason 

for rejection of a cassava cultivar in most African countries. Late storage root bulking cultivars 

occupy land for a long period of time and, consequently the land cannot be effectively utilized 

for the cultivation of other crops (Suja et al., 2009). 

Poor rate of adoption may also be attributed to external factors. For instance, cassava varieties 

selected on research stations may not perform well under farmer management. Variety trials 

conducted on the research station are often managed very differently from farmer practice as 

researchers may apply more fertilizer, achieve more complete weed and pest control and 

irrigate more frequently than farmers can.  High-yield varieties that perform well under these 

high-input conditions may not perform well under more stressful conditions faced by poor 

farmers who cannot spend much on purchased inputs or who lack the labour to completely 

control weeds.  
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To assess farmers’ perception and criteria for cassava variety preference prior to on-farm 

evaluation, field visits were organized at the Mbalmayo research farm (Cameroon) during the 

vegetative and harvest periods, and a sensory quality test was conducted in a participatory 

manner because breeders may not be aware of some of the important traits that are needed or 

preferred by farmers for cropping systems, processing etc. 

Conventional varietal testing focuses on agronomic performance (traits like yield, duration, and 

disease resistance), but farmers consider many other features of a new variety when deciding 

whether or not to adopt it.  Cooking and eating quality is a critical factor in the adoption of new 

cassava varieties.  Farmers may also be concerned with weed competitiveness, harvestability 

and root storability. These factors are very hard to evaluate in conventional variety testing 

programs but may be strongly related to farmers’ decisions on adoption. Participatory variety 

selection trials include formal steps in which farmers express their opinions and preferences 

about varieties under evaluation.  Farmer input is sought on both production and end-use traits, 

using tools that ensure that traits important to farmers are emphasized.  This input is very 

useful in predicting whether or not farmers are likely to adopt a variety. 

Many farmers rely on local planting material because they may be unaware of or have no 

access to improved varieties. Participatory variety selection (PVS) trials are an inexpensive and 

effective way to expose farmers to new germplasm.  Farmers often spontaneously adopt 

varieties they observe or grow on their own farms in PVS trials as described in chapter four. In 

some situations, dissemination of varieties is one of the goals of PVS trials.  However, the 

main purpose of PVS is to provide information about variety performance and acceptability. 

Other mechanisms, notably large-scale planting material distribution schemes, are likely to 

lead to more rapid dissemination of farmer-preferred varieties. 

To fast-track technology dissemination, PNDRT was conceived to improve the productivity of 

roots and tubers for food self-sufficiency to meet the need of the growing population. To 

achieve this objective, priority was given to cassava because cassava ranks first amongst root 

and tuber crops in terms of total production and consumption. Furthermore, cassava is a crop 

that has the potential to increase farm incomes, reduce rural and urban poverty, and help close 

the food gap if improved technologies are adopted such as the use of improved cassava 

varieties. PNDRT then entered into an agreement with IITA to provide high yielding cassava 

varieties and associated technologies. In the course of developing and disseminating 
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technologies, it was necessary to assess the criteria for cassava variety preference and the 

factors influencing adoption as results could serve as feedback information to research, 

extension, policy makers and other stakeholders.  

 

 

5.ii. Materials and Methods 

5.ii.i. Study Area 

Ebolowa 

Ebolowa (02
o
 53’ N, 11

o
 08’ E, 520 m asl) with average temperature of 24

o
C and average 

annual rainfall of 1,628 mm is in semi-deciduous forest with bimodal rainfall. The soil type is 

Haplic Ferrasols (Jones et al., 2013). Cassava is quite important and its leaves consumed as 

vegetable. Mixed cropping and relay cropping are the usual cultivation practices in the 

semideciduous forest. The area cultivated by a single farmer is usually relatively small (0.1–0.5 

ha) because of the difficulty in clearing the land. After the trees are felled and burned, 

groundnuts are sown and allowed to establish. A superficial hoe plowing is done and under this 

cover, maize is sown. Cassava stakes are then planted symmetrically in relation to the already 

sprouted maize with some plantain, yam, and cocoyam. On fertile land, melon and other 

vegetables are integrated as well. After the 1
st
 season, groundnuts, maize, melon, and legumes 

are harvested while cassava is continuously maintained. Cassava is harvested according to the 

needs of the family as at 12 months after planting. After harvest, field is either left fallow or 

planted again with cassava or sweet potatoes. The region is culturally dominated by the Beti 

peoples, which include the Ewondo, Eton, and Bulu, and are linguistically and culturally 

related to the Fang of Gabon. They are patrilineal and grow cocoa as a cash crop. 

 

Bertoua 

Bertoua (02
o
 16’ N, 12

o
 16’ E, 600 m asl) with average temperature of 23

o
C and average 

annual rainfall of 1,479 mm is in the Forest-Savanna transition. The soil type is Dystric 

Nitisols (Jones et al., 2013). Cassava is quite important especially in the eastern and northern 

parts, consumed 2 to 3 times on average daily including cassava leaves as vegetable. In the 

savanna, cassava is monocropped or relay-cropped with groundnuts or maize. Plantain, 

cocoyam (Xanthosoma sagittifolium) and yam (Dioscoreaceae) are mostly cultivated on newly 

cleared forest because they have greater nutritional requirements than cassava does. In the 

northeastern savanna, taro (Colocasia esuculanta) and cocoyam are intercropped with 
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groundnuts, maize, and melon. Peoples in this region include the Maka and Gbaya, both with 

relatively egalitarian forms of social organization in which reciprocity is a key value. Forestry 

and tobacco farming are important sources of income. The East region is also home to the Baka, 

a tropical forest forager (pygmy) group of about thirty thousand to forty thousand living in 

small camps that exchange forest products with nearby farmers. 

 

Bamenda 

Bamenda (6
o
 03’ N, 10

o
 07’ E, 1,239 m asl) with average temperature of 21

o
C and average 

annual rainfall of 1,402 mm is in Western highlands with monomodal rainfall. The soil type is 

Umbric Ferrasols (Jones et al., 2013). Cassava is mostly planted around or in coffee fields and 

around houses where it is associated with maize, cocoyam, taro, beans, bananas, and vegetables. 

It is rarely cultivated above 1400 m asl, where cocoyam, taro, sweet potatoes, and yams 

(principally 

Dioscorea dumetorurn) are given priority. In very densely populated areas, cassava cultivation 

is reduced. Because of the landscape architecture and heavy rainfall, ridging and mounding are 

practiced to improve drainage and to prevent soil erosion. Irish potatoes gain in importance 

with altitude and may be consid-ered a local cash crop. Cassava root is mostly consumed 

processed with little or no interest in leave consumption. In this region, land is held by Fons, 

with use rights devolving to specific patrilineages and matrilineages. 

 

Ngaoundere 

Ngaoundere (7
o
 21’ N, 13

o
 34’ E, 1,104 m asl) with average temperature of 22

o
C and average 

annual rainfall of 1,497 mm is in Sudano-Guinea which is a ranching area. The soil type is 

Haplic Alisols (Jones et al., 2013). Cassava is main staple in this region consumed 2 to 3 times 

on average daily and it is planted mostly in pure stands on large areas (> 1 ha) and can be 

maintained in the field for 15–18 months (sometimes 2 years). The region is culturally 

dominated by the Fulani and an important subgroup is the Bororo, noted for the size of their 

cattle herds. With their Hausa colleagues, they engage in long-distance trade involving cattle. 

Other northern ethnic groups include the Mandara, Kokoto, and Arab Choa. Major crops 

include cotton and millet and among the Fulani, land is inherited patrilineally. 

 

5.ii.ii. Data collection and analysis 

Prior to the regional cassava testing done in Ebolowa, Bertoua, Bamenda and Ngaoundere in 

2006, thirty cassava farmers each making a total of one hundred and twenty exhibiting socio-
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cultural differences based on regions were randomly sampled and interviewed following 

structured questionnaires. Identification of respondents’ farmers was facilitated by agricultural 

extension workers based on years in cassava production. Focus group discussions were held in 

order to obtain a general knowledge of the local cropping systems and farmers that use cassava 

cultivar selection criteria for the different cassava varieties they cultivate. The data collected 

were coded, entered and analyzed using Statistical Package for Social Scientists (SPSS), 16th 

version (Carver & Nash, 2009). Combinations of analyses, descriptive statistics, cross 

tabulations and percentages were undertaken. In parallel, selected varieties were mass 

propagated to establish a demonstration plot in each of the location as to reach out to many 

farmers since farmers from all the regions could not be brought to Mbalmayo and to confirm 

varieties selected in Mbalmayo. Farmers that were interested were invited to visit 

demonstration plots and to discuss the advantages and disadvantages of each variety. Each 

farmer in Ebolowa, Bertoua, Bamenda and Ngaoundere was asked to rank the varieties whether 

they would be useful under their own conditions in the village and give reason for preference. 

Farmers ranking varied from crop yield, pest and disease resistance, short crop cycle, 

branching habit and plant height, leafiness and plant canopy cover, red petiole and tuber peel 

colour, long stem and root storage, tuber size, shape and number, ease of peeling and good 

taste/mealiness. The farmers then selected varieties of preference for testing in their own fields 

and there was regional preference. Variety M94/0121 that was not selected in Mbalmayo was 

preferred by some farmers in Ngaoundere for apiculture (bee farming). 

5.iii. Results and Discussion 

5.iii.i. Dissemination of improved varieties 

In 2005/2006, cuttings of the improved varieties (92/0326 and 96/1414) were multiplied and 

distributed to farmers in several villages (Fig. 5.1) through PNDRT to establish 200 ha of 

cassava. With backstopping from FAO, 10 famer field school (FFS) were established in 

Ebolowa, Douala, Bertoua, Bamenda and Ngaoundere antennas to train CVC (consultative 

village committee) members on improved field management practices and integrated pest 

management (IPM). A total of 309 producers were trained out of which 81.6% (252) were 

women. Due to satisfactory result from increased yield, 20 new FFS were established in 

2006/2007 and 40 in 2007/2008 planting seasons. Within the same period, these varieties were 

being propagated by the crop improvement unit at IITA through a three-tier multiplication 

scheme (primary, secondary and tertiary) to ensure equitable, fast and sustainable distribution 
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of improved planting materials. Initial stocks of planting materials from IITA are multiplied by 

hubs centres to constitute what is referred to as a Primary Multiplication Site (PMS). From the 

PMS, planting material of adapted varieties is sent to satellites to establish Secondary 

Multiplication Sites (SMS) and to the farmers’ associations to establish the Tertiary 

Multiplication Sites (TMS). From tertiary multiplication sites, planting material is distributed 

and/or sold to individual farmers. This scheme has rapidly changed the status of cassava from 

subsistence to a commercial commodity through the sale of quality planting material of 

improved varieties thus improving farmers’ incomes and livelihoods.  

The partners that participated in the trial later served as relay centers/pilot sites at respective 

agro-ecological zones where project activities and products radiated across the target region. 

Each partner identified five villages and each village identified five contact farmers targeted 

for the dissemination of improved cassava varieties. Contact farmers received 200 cuttings 

each (one buddle of cassava cutting) of two improved varieties (92/0326 and 96/1414) in order 

to assess at their respective locations and select the most adapted to their own needs and 

conditions. In order to ensure the dissemination of improved varieties beyond the initial 

intervention site, every contact farmer was expected to return at the end of a crop cycle 25% 

planting material (50 cuttings) for each clone received. It is then sorted and packaged at the 

focal sites and distributed to a new wave of farmers, and so on. Continuing the principle of 

farmers returning planting material to the focal sites ensures a continual and expanding supply 

of planting material of improved varieties.  

Memorandum of Understanding (MOU) was established between IITA and the focal sites 

partners and Letter of Agreement (LoA) between the focal sites and the contact farmers 

indicating responsibilities, expectations and ownership. This scheme complements the 

dissemination activity of PNDRT and required periodical meetings to review progress and 

constraints in germplasm dissemination, explore new opportunities for future collaboration and 

improve technologies, develop or adjust work plans, assemble progress reports from partners 

and share experiences (lesson learned). The participatory selection and dissemination approach 

employed facilitated adoption and release of five varieties that may lead to greater impact on 

the lives of cassava-dependent populations. With the support of PNDRT, two varieties 

(92/0326 and 96/1414) underwent extensive dissemination and cultivation thereby necessitated 

to investigate their pests and disease status and interaction with soil properties.  
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5.iii.ii. Farmers’ preference 

Farmers generally preferred early maturing varieties, high yielding, and resistant to pests and 

diseases. In addition, traits related to cultural values such as red petiole and peel colour, long 

stem and root storage, stem thickness, leafiness and ease of peeling, fibrous root were observed 

including the relative role of men and women in production and processing. These traits were 

recorded and scored as a percentage of number of respondents (farmers) with preferences 

(Table 5.1). Some farmers in Bamenda and Ngaoundere preferred varieties with good growth 

and vigour that can withstand adverse weather condition like drought while those from 

Ebolowa and Bertoua preferred early branching varieties with dense leaf canopy for vegetable 

(Table 5.2). Others indicated interest in plant height for mixed cropping systems and variety 

(92/0057) was preferred while early branching varieties (92/0326 and 96/0023) with dense 

canopy cover was preferred for sole/mono cropping systems to suppress weeds. All farmers 

preferred high yielding varieties and in some cases multipurpose varieties with high yields and 

dense leaf canopy for both root and vegetable.  

Root quality traits like number, size, shape, peel colour, ease of peeling, fibrous, mealiness and 

dry matter content also accounted for farmers’ preferences. In addition, there was regional 

preferences, farmers in Ebolowa and Bertoua preferred leafy, sweet roots and early branching 

varieties (92/0326, 96/0023) while those in Bamenda and Ngaoundere preferred tall, drought 

tolerance (92/0057), fibrous (96/1414) for gari and in some cases flowering variety (94/0121) 

for apiculture. The most significant and underlying factor in the entire process is the active 

participation of farmers. One of the constraints usually faced with the introduction of new 

varieties is their adoption by farmers (Tresh, 2003) but this was not the case with these 

varieties. Formal cultivar selection and crop improvement programs often focus on few 

economically important traits such as yield or disease resistance (Hahn et al., 1989; Manyong 

et al., 2000). This study considered other potentially important traits such as traits related to 

culture and consumers taste preferences. The pioneer farmers readily accepted these varieties 

and over 20 organizations benefited from 50,000 free planting materials of superior quality 

with an acute need for more.  

Those who wanted to adopt the varieties from demonstration plots were encouraged and 

supported to adopt these practices on a large scale in their production fields. Farmers were 

trained through regular extension visits on good quality planting material and agricultural 

practices that would help to create a better awareness and appreciation (Bakia et al., 1999). 
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Feedback from farmers converge on the usually good performance of improved varieties (high 

yield, earliness, disease resistance) and it is obvious that the impact of these interventions in 

enhancing the productivity and income from cassava is promising as varietal improvement for 

higher yield and root dry matter content will bring additional cash income to a great number of 

smallholder farmers.  

After large-scale adoption and cultivation of improved cassava varieties, the government of 

Cameroon on 11th September 2012 released five of these varieties (92/0326, 96/1414, 96/0023, 

92/0057 and 92/0067) for their potential and variety 92/0067 for its suitability to the biological 

control of cassava green mite, in addition to its resistance to CMD. The released varieties were 

baptized as Abui-Pkwem for 92/0326, Nko’h Menzui for 96/1414, Abeng-Lengon for 96/0023, 

Ayeng Ye-Sahti for 92/0057 and Mbong Wa Tobo for 92/0067 (Fig 5.3). The dissemination of 

these varieties significantly boosted cassava production from 8-10 tons per hectare (PNDRT, 

2005) with corresponding annual production of 2.3 million tons to 25-30 tons per hectare 

(Agristat, 2010) with corresponding annual production of 5 million tons and provoked the need 

for post-harvest facilities.  

5.iv. Conclusion 

Adoption of improved cassava varieties by farmers is main solution to increased productivity 

for food self-sufficiency but there are marked producer and consumer preferences as to the type 

of variety grown and these determine the uptake of new varieties in small-holder farming 

systems.  

Conventional varietal testing focuses on agronomic performance (traits like yield, duration, and 

disease resistance), but farmers consider many other features of a new variety when deciding 

whether or not to adopt and these factors are very hard to evaluate in conventional variety 

testing programs but strongly related to farmers’ decisions on adoption.  

Participatory variety selection trials include formal steps in which farmers express their 

opinions and preferences about varieties under evaluation.  Farmer input is sought on both 

production and end-use traits, using tools that ensure that traits important to farmers are 

emphasized.    

Farmers in this project were invited to visit experimental and demonstration plots to assess 

variety performance, sensory qualities and socio-economic characteristics and also discuss 
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advantages and disadvantages of each variety. Each farmer in Ebolowa, Bertoua, Bamenda and 

Ngaoundere was asked to rank the varieties whether they would be useful under their own 

conditions in the village and give reason for preference. Farmers ranking varied from crop 

yield, pest and disease resistance, short crop cycle, branching habit and plant height, leafiness 

and plant canopy cover, red petiole and tuber peel colour, long stem and root storage, tuber size, 

shape and number, ease of peeling and good taste/mealiness. The farmers then selected four 

varieties (92/0326, 92/0057, 96/0023 and 96/1414) of preference for testing in their own fields 

and there was regional preference with varieties (92/0326 and 96/0023) in Ebolowa and 

Bertoua, varieties (92/0057 and 96/1414) in Bamenda and variety 92/0057 in Ngaoundere. 

Variety M94/0121 that was not selected in Mbalmayo was preferred by some farmers in 

Ngaoundere for apiculture (bee farming). 

 

With satisfactory results from increased yield, cuttings of two varieties (92/0326 and 96/1414) 

was mass propagated by PNDRT and the crop improvement unit at IITA through a three-tier 

multiplication scheme (primary, secondary and tertiary) to ensure equitable, fast and 

sustainable distribution of improved planting materials. After large-scale adoption and 

cultivation, the government of Cameroon officially released varieties 92/0326, 96/1414, 

96/0023 and 92/0057.  
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Table 5.1.  Percentage of farmers that use cassava cultivar selection criteria in four 

sampled location 

Criteria for selection Sample location 

Ebolowa Bertoua Bamenda Ngaoundere Mean 

Tuber size (Yield) 93.3 80.0 100 83.3 89.15 

Good taste / mealiness 76.7 83.3 30.0 56.7 61.68 

Pest/Disease resistance 90.0 73.3 96.7 93.3 88.33 

Short crop cycle 100 90.0 96.7 100 96.68 

Early branching (short) 83.3 63.3 43.3 30.0 54.98 

Late branching (tall) 36.7 23.3 73.3 86.7 55.00 

Leafiness 100 100 56.7 43.3 75.00 

Drought tolerance 23.3 30.0 83.3 100 59.15 

Fibrous root 00.0 00.0 73.3 00.0 18.33 

Dry matter content 36.7 30.0 43.3 53.3 40.83 

Flowering variety 10.0 46.7 30.0 73.3 40.00 

Red tuber peel colour 56.7 43.3 46.7 53.3 50.00 

Long root storage in soil 46.7 36.7 00.0 00.0 20.85 

Long stem storage 36.7 36.7 63.3 73.3 52.50 

Ease of peeling 43.3 30.0 20.0 26.7 30.00 

Planting material availability 36.7 36.7 43.3 53.3 42.50 

Stem thickness 6.70 3.30 16.7 13.3 10.00 

Multiple responses 

Table 5.2. Yield and Socio-cultural preference of varieties per sampled location  

 

Varieties Productivity Characteristics 
Farmers choice 

at location 
Preference Suitability Observation 

92/0326 
20 to 30 t/ha 

(27.78 t/ha) 

Early branching 

Mealy 

Ebolowa, 

Bertoua 
Mono cropping,  

Fufu, 

Vegetable 
Tolerant to CMD 

96/1414 
22 to 35 t/ha 

(25.12 t/ha) 
Fibrous root  Bamenda  Mono cropping Gari Tolerant to CMD 

96/0023 
18 to 27 t/ha 

(22.88 t/ha) 

Early branching, 

Mealy  

Ebolowa, 

Bertoua 
Mono cropping 

Baton, 

Vegetable 

Good in the forest 

zone where ARTS 

and CAD are major 

constraints 

92/0057 
21 to 30 t/ha 

(23.31 t/ha) 

Tall and Draught 

tolerant  

Bamenda, 

Ngaoundere 
Mixed cropping Fufu 

Tolerant to CMD 

also to EACMV-UG 

92/0067 
18 to 24 t/ha 

(23.11 t/ha) 

Early branching, 

Red petiole 

Ebolowa, 

Bertoua 
Mono cropping 

Baton, 

Vegetable 

Suitability to the 

biological control of 

cassava green mite 

in addition to 

resistance to CMD 

M94/0121 
16 to 29 t/ha 

(23.36 t/ha) 
Flowering Ngaoundere Mixed cropping 

Apiculture 

(bee 

keeping) 

Susceptibility to  

CBB and CAD 

Values in parentheses are average regional yield 
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Fig. 5.1: Distribution of improved cassava varieties in Cameroon by PNDRT 

 

 

 

 Fig. 5.2: Regional preference 
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Fig. 5.3. Five cassava varieties released in Cameroon with technical guide 
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CHAPTER 6 
 

PESTS AND DISEASE STATUS OF CASSAVA VARIETIES 

DISSEMINATED 

 

 

6.i. Introduction 

Cassava production is constrained by several factors including pest and diseases while cassava 

mosaic disease is the most prevalent disease in West Africa (Wydra and Msikita, 1998; Geddes, 

1990; Lozano, 1992) with an estimated deficit in cassava production of over 30% under the 

scenario of the use of local varieties (Imo, 2006). A projection by SEDA (1981) also estimated 

the deficit in cassava production by 84,000 MT for year 2000 under the scenario of the use of 

local varieties. These diseases have led to severe food insecurity and further aggravated by 

increasingly degraded environment and the uncertainties resulting from climate change (El-

Sharkawy, 2007). 

 

Several groups of arthropod pests are known to threaten cassava production in Africa. They 

include the cassava green mite (CGM) Mononychellus tanajoa (Bondar) and red mite (CRM) 

Olygonychus gossypy (Zacher), the cassava mealybug (CM) Phenacoccus manihoti (Matile-

Ferrero), the whiteflies Bemisia tabaci (Gennadius), the spiralling whitefy Aleurodicus 

dispersus Rusell, the green mealybug Phenacoccus madeirensis Green, the stripped mealybug 

Ferrisia virgata (Cockerell), the white scale Aonidomytilus albus (Cockerell), the african root 

and tuber scale (ARTS) Stictococcus vayssierei (Richard), the variegated grasshopper Zonocerus 

variegatus L. and termites (Haln et al 1989; Neuenschwander 1994; Yaninek and Herren 1988; 

Neuenschwander et al 2001).  

 

Major diseases depending on the area include cassava mosaic disease (CMD) caused by viruses 

belonging to the genus Begomovirus, cassava bacterial blight (CBB) caused by Xanthomonas 

campestris (Pammel Dowson) pv. manihotis (Arthaud-Berthet) Starr. (Bondar, 1912) (synonym 

Xanthomonas axonopodis pv. Manihotis Vauterin et al., 1995), anthracnose (CAD) caused by 

Colletotrichum gloeosporioides f. sp. manihotis Henn. (Penz.) Sacc. (Glomerella manihotis 

Chev.), brown leaf spot (BLS) caused by C. (Mycosphaerella) henningsii Allesch and white 
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leaf spot (WLS) caused by C. caribaea Cif. (Phaeoramularia manihotis) as well as root rots 

(Wydra and Verdier 2002).  

 

To increase yield by overcoming pests and disease constraints, IITA and partners developed 

improved cassava varieties, with multiple resistances to pests and diseases (Mahungu et al 1994, 

Fokunang et al 2000; Dixon et al 2002, Owolade et al 2005, Wydra et al 2006; Manyong et al 

2000) in Africa. The delivery of these resistant varieties, through the national programs has led 

to the widespread and successful deployment of CMD- and CBB-resistant cassava in sub-

Saharan Africa (Manyong et al 2000). Furthermore, the CM and CGM have been under 

biological control campaign with the parasitic wasp Anagyrus (Apoanagyrus = Epidinocarsis) 

lopezi De Santis and the neotropical phytoseiid predator Typhlodromalus aripo De Leon 

respectively (Yanninek et al 1989; Neuenchwander  2001; Yanninek and Hanna 2003). However, 

persistence of these pests in certain parts of Africa depending on the climatic factors (Hanna and 

Toko 2001; Zundel et al. 2007, 2009) has been reported. In addition, recent research works 

indicated the outbreak of new halotype of whitefly characterised by high fecundity and long 

distance movement. This new haplotype is associated with severe CMD and CBSD (Legg et al 

2002; Colvin et al 2004). Thus, status of pests and diseases infestation throughout the cassava 

growing regions of Africa required regular updating especially when new plant genotypes are 

introduced.  

 

Former surveys on cassava pests and diseases in Cameroon (EsCapp 1994; Ngeve 2003; Ambe et 

al 1999; Wydra and Nsikita 1998; IITA 2004; Ntonifor et al 2005; Zundel et al. 2007, 2009) 

reported separately most of the predominant pests and diseases listed above but with various 

incidences and severities depending on the agro-ecozone. The most recent survey reported for the 

first time, the occurrence of the recombinant virus associated with the severe CMD in Eastern 

Cameroon (Akinbade et al. 2010). 

 

To intensify the production of cassava, PNDRT in collaboration with IITA, in 2007 and 2008, 

introduced improved cassava varieties that have undergone extensive testing in the Country 

(Njukwe et al 2005, 2010). As follow up activity for introduced varieties, a survey was conducted 

to document potential changes in pests and disease status triggered by the introduction of these 

improved cassava varieties. Both local and introduced clones were evaluated in selected 
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communities within the five antennas of PNDRT to compare their pests and disease status. An 

overall review of the survey on cassava health status in Cameroon is provided in this chapter. 

 

 

6.ii. Materials and Methods 

Two main surveys were conducted including one from February to March 2008 and the second 

between December 2008 and March 2009 corresponding to long dry seasons in sites with 

bimodal rainfall pattern.  

 

6.ii.i. Survey sites 

PNDRT operate through its regional antennas with technical office in Bamenda, Bertoua, 

Douala, Ebolowa and Ngaoundere and representing agro-ecological zones. Each antenna 

comprises of about 250 villages or pilot sites. Cassava cutting were distributed through farmer 

organizations whose representatives received training on rapid multiplication technique at the 

IITA Cameroon station. These organizations had the responsibility of multiplying and 

disseminating the introduced varieties in surrounding villages. In each antenna, the survey 

focused in two to four sites per survey depending on accessibility (Fig 6.1). Most of the 

surveyed sites were multiplication fields (four to nine months old) belonging to farmer 

organizations. In parallel, farmer field with local varieties was selected not far from the 

multiplication field and considered as a check. 

 

6.ii.ii. Material evaluated  

Both local varieties and IITA improved varieties were evaluated in all the antennas but not in 

all the sites visited because improved varieties were either not available or in advanced 

developmental stage. Local varieties included about 41 accessions identified with the help of 

farmers in their local language. Of the ten varieties observed, eight were Breeder seeds (BBulk 

P6, 8085, 880713, 880477-2, 92/0057, 95/0109, 96/0023, 96/1762) managed by elite farmers 

and two were Foundation seeds (92/0326 and 96/1414) cultivated under farmers’ condition. 

These varieties were selected based on the result of extensive testing in the Country (Njukwe et 

al., 2005; Zundel et al., 2010). 
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6.ii.iii. Methods 

The number of adult individuals of CGM, CRM, local phytoseids, WF and SPWF were counted 

on the third fully developed leaf on 20 to 30 cassava plants randomly selected in each field. In 

addition, damages by CGM were scored on the scale from 1 to 5 following standard method 

developed by Yaninek (1989). The presence of native predatory mites was checked on the 

leaves while that of the exotic predatory mite T. aripo was assessed by visual inspection of 

cassava tips on the same plants. Only the presence and symptoms of CM were recorded on the 

same 30 plants. A subset of three plants were randomly selected, uprooted and checked for the 

presence of the ARTS. Due to time constraints, only the presence or absence of the ARTS and 

the variegated grasshopper was recorded. 

 

The following scoring scale developed by Hahn et al. (1980) and commonly used for such 

study was used for disease assessment (Fokunang et al. 2000) : CMD: 1= no symptoms 

observed; 2 = mild chlotic pattern over entire leaflets or mild distortion on base of leaflets with 

the rest of the leaflets appearing green and healthy; 3 = strong mosaic pattern throughout leaf, 

narrowing and distortion of lower one-third of leaflets; 4 = severe mosaic, distortion of two-

thirds of leaflets and general reduction of size; 5 = severe mosaic, distortion of four-fifth more 

leaflets, twisted and misshapen leaves; CAD: 1= no symptom; 2 = shallow cankers on stems, 

lower down the plants; 3 = successive cankers higher up the plant with cankers on older stems 

becoming larger and deeper; 4 = dark-brown lesions on green shoots, petioles and leaves, 

young shoots collapsed and distorted; 5 = wilting, drying up of shoots and young leaves, and 

death of part or whole plant; CBB: 1 = no symptoms; 2 = only angular leaf spots 3 = extensive 

leaf blight and leaf wilt, defoliation gum exudation of stem and petioles; 4 = extensive leaf 

blight, wilt, defoliation and stem dieback; 5 = complete defoliation and stem tip dieback of the 

shoots. 

 

6.ii.iv. Data analysis  

Pests and disease incidences were calculated as the percentage of attacked plant in each 

surveyed field. Mean incidences were compared between antennas and varieties (local and 

improved) using the Generalized Linear Model (GLM) procedure of SAS software and 

Student-Newman-Keuls Test (SNK) was used for mean separation. The number of individual 

pest and local phytoseiids were log transformed and compared between antennae and varieties. 
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The mean disease damage scores were also compared between antennas and varieties using the 

same procedure.  

6.iii. Results and Discussion 

6.iii.i Pests 

The following predominant pests were encountered during these surveys: CM, CGM, CRM, 

WF, SPWF, ARTS and variegated grass hopper. The CM was observed attacking both local 

and improved varieties. Live individuals of the CM were observed only during the first survey 

in Bamendjin on improved varieties. Damages were observed only on local varieties in many 

other locations including Mbomono-Babengue, Djouki-Bakoko in Douala antenna and 

Bamesso in Bamenda antenna. No individual and no sign of damages were observed during the 

second survey.  

 

The cassava Green mites were found in all the antennas, sites visited and all the varieties both 

local and improved. Mean mites and damages incidences recorded during the two surveys are 

shown in Table 6.1. In the same way, mean mites densities per leaf and damages scores 

recorded during the two surveys are summarized in Table 6.2. Their incidence, densities and 

damages severities were higher during the first than the second survey. 

 

During the first survey, mite incidences were generally high but didn’t vary significantly 

between antennas (P > 0.05) and between varieties (P > 0.05). Mite damage incidences were 

also high but varied significantly between antennas (P< 0.05) and between varieties (P< 0.05). 

Damage incidences were higher in Ngaoundere and Bamenda compared to other antennas and 

higher on improved varieties. Mean mites densities were generally low (less 18 mites per leaf) 

and varied but not significantly between antennas (P > 0.05). However, they were significantly 

higher on improved varieties than local varieties (P < 0.0001). The maximum number of 121 

mites per leaf was found in the Bertoua antenna at Bazzama on improved variety 96/1414. 

More than 100 mites per leaf were found at Bityili (Ebolowa) on the same variety 96/1414, in 

Bamendjin (Bamenda antenna) on improved varieties 88071-3 and 92/1762 and finally at 

Mbomono-Babengue (Douala antenna) on a local variety. Damages severity was low to 

moderate (less than level 3) and varied significantly between antennas (P < 0.0001) and 

varieties (P < 0.001). Damages were higher but moderate (less than level 3) in Ngaoundere and 
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Bamenda antennas compared to Ebolowa, Douala and Bertoua antennas. Correlating mite 

density; damages were more severe on improved compared to local varieties (Table 6.3). 

 

During the second survey, mite incidences were generally low and varied significantly between 

antennas (P < 0.001) but not between varieties (P > 0.05). The highest incidence was observed 

in Ngaoundere antenna followed by Bamenda antenna. Mite damages incidence also varied 

significantly between antennas (P < 0.001) and also between varieties (P < 0.05). The highest 

damage incidences were also recorded in Ngaoundere followed by Bamenda antenna. Mean 

densities per leaf were also generally low (less than 19 mites per leaf) and varied significantly 

between antennas (P > 0.0001) and varieties (P < 0.0001). Densities were higher but low in 

Ngaoundere antenna, very low in Bamenda, Bertoua, Ebolowa and Douala. Densities were 

higher on local varieties, compared to improved varieties. Damages severity was generally 

moderate (less than level 3) and varied significantly between antennas (P < 0.0001) and 

varieties (P < 0.001). Damage scores were higher in Ngaoundere compared to Bamenda, 

Bertoua, Ebolowa antennas. No damages were observed in Douala antenna. Contrasting with 

the first survey and correlating mite densities on leaves, damages were more severe on local 

varieties, compared to improved varieties.  

 

During the first survey, the incidence and the number of the CRM per leaf was generally low 

(Table 6.1) and varied significantly between antennas (P < 0.0001) but not between improved 

and local varieties (P > 0.05). The highest mean incidence and mean number was found in 

Douala while in Ebolowa, Bamenda and Ngaoundere their numbers were very low and no 

single individual was observed in Bertoua. The maximum number of 70 mites per leaf was 

observed on a local variety in Mbomono-Babengue (Douala antenna). During the second 

survey, the CRM incidence was low and did not vary significantly between antennas and 

varieties. The number of CRM per leaf was also generally low and varied significantly between 

antennas (P < 0.0001) but not between varieties (P > 0.05). Only few CRM individuals were 

observed in Bertoua and Ebolowa while no single individual was observed in other antennas.  

 

The tobacco white fly B. tabaci was the most common white fly and was found in all the 

antennas while signs of spiralling white fly (whitish powder on leaves) were observed only in 

Banga-Bakoko and Djouki in Douala antenna during the first survey. The incidence of B. 

tabaci was low and did not vary between antennas and between varieties. The number of adult 
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white flies per leaf was very low (less than 3 adults per leaf, see and varied significantly 

between antennas (P < 0.0001) and varieties (P < 0.001). The mean number was higher in 

Douala and Bamenda and very low in Ngaoundere, Bertoua and Ebolowa. The maximum 

number observed was 44 per leaf at Wossing (Bamenda) on local variety. There were more 

white flies on local than improved varieties.  

 

During the second survey no sign and single individual of spiralling white fly was observed. 

The incidence of B. tabaci was low and didn’t vary between antennas and between varieties. 

The number of adult white flies per leaf was very low (less than 2 adults per leaf, see and 

varied significantly between antennas (P < 0.005) and varieties (P < 0.0001). The mean number 

was higher in Douala and Ngaoundere compared to Bamenda, Bertoua and Ebolowa. 

Contrasting with the first survey; there were more white flies on improved than local varieties. 

 

The African root and tuber scale was found in two out of five antennas, Bertoua and Ebolowa 

but not in all the fields visited. It was reported by extension agent to be present in Bamenda 

antenna in Batibo but this was not confirmed during the fields visit. Where ever it was present, 

it was found attacking both local and improved varieties. The variegated grasshopper was 

observed attacking cassava only in Meiganga, Ngaoundere antenna during the second survey in 

February 2009. It was found attacking both local and improved varieties. Grass cutter damage 

on cassava tubers were reported by farmers and observed during this study (but not evaluated) 

in many locations including Ngwei II as a serious constraint for cassava production.  

 

More pest individuals were observed and their incidence and severities were higher during the 

first than the second surveys. This can be explained by differences in rainfall pattern during the 

two surveys. Even if surveys were conducted during dry season, there was some out season rain 

during the second survey which negatively influence pest incidence, knowing that cassava pests 

incidence is always high during the dry season (Hanna et al., 2005, Belotti et al., 2012). 

The cassava mealybug, Phenacoccus manihoti Matile- Ferrero (Homoptera: Pseudococcidae), 

was accidently introduced into Africa from South America in the early 1970s and later on 

became the most severe pest on cassava (Neuenschwander et al 2001). Adults and nymphs feed 

on the sap of the plant and cause leaf yellowing and bunchy top malformation of the apex. High 

populations lead to leaf necrosis, defoliation, stem distortion and shoot death (Belotti et al, 

2012). Additional indirect damage is the reduction of leaf photosynthesis due to the build-up of 
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sooty mold on the honeydew produced by the mealy bug on the leaf surface. In Africa, yield 

losses due to P. manihoti ranged from 9 to around 80% (Nwanze, 1982; Neuenschwander and 

Hammond, 1989; Herren and Neuenschwander, 1991). There is no published data on the 

mealybug infestation in Cameroon.  During the present survey, living individuals of CM were 

observed only in Bamenda antenna while damages were observed only in Douala and Bamenda 

antennas. No individual and no sign of damages were observed during the second survey 

probably due to the out season rain that fell during that period. No cassava cultivars are known 

to be fully resistant to P. manihoti while pesticide control of mealy bugs is labour intensive and 

costly. This is why it was found attacking both local and improved varieties during the study. 

Fortunately, they can be effectively controlled biologically using parasitoids wasps. First 

efforts toward biological control of this pest started in 1977 and later on, the exotic parasitoid 

Apoanagyrus (Epidinocarsis) lopezi De Santis (Hymenoptera: Encyrtidae) was identified in 

Paraguay, transferred trough quarantine services to Africa, tested, mass reared and released 

since 1981 (Herren et al, 1987; Neuenchwander et al., 2001). This parasitoid spread to all the 

major mealybug infestation areas and kept the pest under control till now (Herren and 

Neuenschwander, 1991; Neuenchwander et al., 2001). However, its efficiency is reduced 

during the dry season leading to the emergence of the CM in some sites. This explains why 

during the survey, very few living individuals and damages by CM were observed in few sites.  

 

The cassava green mite, Mononychellus tanajoa is a neotropical tetranychid mite, also 

accidentally introduced into Africa in the early 1970.  The cassava green mite feeds on the 

underside of young, emerging leaves which develop a mottled whitish-to-yellow appearance 

and may become deformed or reduced in size. Heavy infestations cause defoliation, beginning 

at the top of the plant, and often kill apical and lateral buds and shoots (Bellotti et al, 2012). In 

Africa, CGM first appeared in Uganda in 1971 and by 1985 had spread to 27 countries, causing 

estimated loss in root yield of 13–80% (Nyiira, 1972; Yaninek and Herren, 1988; Zanou et al., 

2005). Published reports on dynamic of green mite population in Africa (Yanineck et al., 1989 

a,b; Ntonifor, 2002; Zundel et al., 2007, 2009) indicate increases in population densities during 

the transition period between wet and dry seasons. In Cameroon, data recorded in 1994 in the 

North West Province of Cameroon by the Ecologically Sustainable Cassava Plant Protection 

project (ESCaPP) (Yaninek et al., 1994) showed moderate to high M. tanajoa abundance and 

moderate to severe damage symptoms. In 2004, IITA reported that green mite occurred in very 

low frequency in all the surveyed provinces (Eastern, Central, Southern, Southwestern, 
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Western and Northwestern) except in a few locations in Southwestern and Northwestern 

provinces where the frequency and population were high. During this survey, green mite 

population and associated damages were generally low but higher in savannah area 

(Ngaoundere and Bamenda antennas) compared to humid forest area (Ebolowa and Bertoua 

antennas) where rainfall is high. As mentioned above, CGM is known as a dry season pest 

causing greatest damage when population thrived and cassava plants suffering from drought 

stress (Hanna et al., 2005; Zundel et al., 2007, 2009).  

 

Research into the control of M. tanajoa included mainly host plant resistance and biological 

control. Considerable efforts have been made by International research institutes and national 

research programs in the Americas and Africa to identify CGM resistance in cultivated cassava. 

Of the more than 5,000 landrace cultivars in the International Center for Tropical Agriculture 

(CIAT) cassava gene bank, only 6% (300 cvs.) were identified as having low-to-moderate 

levels of resistance (Belotti et al., 2012). During this study, green mite was found attacking 

both local and improved varieties which were even severely attacked than the local.  

 

With respect to biological control, in addition to local phytoseiid (observed during the study), 

Typhlodromalus aripo of neotropical origin was identified, transferred trough quarantine 

services to Africa, tested, mass reared and released since 1993 for the control of the cassava 

green mite (Yaninek and Hanna, 2003; Hanna et al, 2005). In 2003, T. aripo was found 

established in 20 countries of sub-Saharan Africa (Hanna and Toko, 2003) including Cameroon. 

The overall low population of CGM observed during this study could be the result of biological 

control by these predator mites but it has been reported that T. aripo persists throughout the 

year only in the humid forest and in the forest/savannah mosaic areas, and is severely affected 

by the long dry season of the higher altitudes (Hanna et al, 2005; Onzo et al, 2005; Zundel, 

2006). This hypothesis is supported by results of this study indicating high infestation by CGM 

in the savannah area. It has been suggested that varieties with hairy tips which are preferred by 

T. aripo be introduced to maintain its population during the long dry season (Zundel et al., 

2010). Within the introduced clones, 92/0326 has hairy tip but according to Zundel et al., 

(2009) the effect of host-plant morphology on the persistence of T. aripo diminishes under low 

relative humidity conditions. Except routine monitoring, very low or even no research activity 

addresses the CGM problem in Cameroon. Red mite is known to be well distributed on cassava 
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in Africa but has less economic importance than green mites. During this survey, red mites 

incidence and number were very low. 

 

The tobacco white fly Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae) has a global 

distribution and is considered to be one of the most serious pests of agriculture and horticulture 

worldwide. Bemisia tabaci is a polyphagous species that is known to colonize over 500 plant 

species, including several important food and fiber crops (Brown et al, 1995). In Africa B. 

tabaci is associated with the intense spread of the African cassava mosaic virus (ACMV) and 

cassava brown streak disease (Legg and Ogwal, 1998; Legg et al., 2002; Maruthi et al., 2005; 

Legg et al., 2011). In addition to disease transmission, whiteflies can cause direct damage to 

cassava by feeding on the phloem of leaves, inducing leaf curling, chlorosis and defoliation. 

High populations, combined with prolonged feeding, result in considerable reduction in root 

yield. Bemisia tabaci is described as a complex of morphologically indistinguishable cryptic 

species that show distinct geographical, biological and genetic differences (Xu et al., 2010; De 

Barro et al., 2011). The most invasive form documented so far is the Middle East-Asia Minor 

1(B) strain (also known as B. argentifolii and referred to as Biotype B), which has traditionally 

been recorded in the literature as B. tabaci (Anderson and Morales, 2005; De Barro et al., 2011). 

In several East African countries, yield losses due to direct feeding by B. tabaci have been 

recorded as a result of high populations attributed to new biotypes (Calvert and Thresh, 2002; 

Liu et al., 2007). In Uganda, Legg et al. (2003) observed large populations of B. tabaci on 

disease-free resistant varieties introduced to control CMD. In the coastal area in Buea, Fondong 

et al. (2002) reported 15 adult individuals per cassava tip on the most susceptible variety. While 

Ntonifor et al. (2005) reported an average abundance of 4.1 adults per cassava shoot in the 

forest area, 3.1 in the transition forest and 2.4 in the wet savannah. During this study, whitefly 

incidence and population were low and did not vary significantly between local and improved 

varieties or between antennas. Also, large population compared to what reported by Legg et al. 

(2003) were not observed on both local and improved varieties.   

 

Management options for cassava whiteflies include chemical control, host plant resistance, 

biological control and cultural or agronomic practices. In Africa, no use of pesticides on 

cassava has been reported. While an effort has been made by IITA in Nigeria to identify clones 

resistant to B. tabaci (Ariyo et al., 2005) but host plant resistance is rare in cultivated crops 

(Bellotti and Arias, 2001). During this study, whitefly was found attacking both local and 
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improved varieties. Bemisia tabacci has been present in Africa for many years and has a 

diverse natural enemy fauna. Therefore, biocontrol approaches involve conservation and 

augmentation of existing natural enemies. Hymenopterous wasps parasiting whiteflies are 

known from four genera, with the majority from the genera Encarsia (34 species) and 

Eretmocerus 14 species (Gerling et al, book biocontrol). However surveys of natural enemies 

in Africa and the evaluation of their impact on the population of whiteflies covered only a small 

part of the continent (Legg et al., 2003) and should continue for remaining part including 

Cameroon.  It has been reported that the mortality of whiteflies by natural enemies is 

particularly important in crops where feeding damage is the cause of losses, rather than virus 

transmission. In cases where the whiteflies are vectors of virus diseases, control provided by 

natural enemies is generally not sufficient to prevent virus spread and transmission. According 

to Fondong et al., 2002, intercropping cassava with maize and cowpea can reduce the adult 

whitefly population and incidence of CMD by 50 percent and 20 percent respectively.  

 

The spiralling white, Aleurodicus dispersus Rusell is native to the Caribbean islands and 

Central America and was found in continental Africa in 1992 (Neuenschwander, 1994). It is a 

highly polyphagous species, causing substantial damage on cassava by sucking plant sap, 

which can cause premature leaf fall. Indirect damage is due to the heavy production of 

honeydew and white waxy material. Fortunately it was introduced with its natural enemies 

(Neuenschwander, 1994). Encarsia haitiensis and E. guadeloupae have been shown to be 

effective in reducing A. dispersus populations in Benin (D’Almeida et al., 1998; Legg et al., 

2003). This is in line with the results of this study where only sign of egg-laid pattern were 

observed on the leaves. However, during the dry season in the southern Cameroon, high 

infestation with all the cassava leaves covered with waxy secretion was observed. Like others 

cassava pest under biocontrol, the efficiency of its natural enemy might be also affected by the 

dry season.  

 

The African root and tuber scale (ARST), Stictococcus vayssierrei and the recently described 

new species Stictococcus subterreus (Williams et al., 2010) are the two species of the genus 

Stictococcus which feed on the roots of plants including cassava (Richards, 1971; Tindo et al., 

2011). However, S. vayssierei is predominant on cassava. Crawlers and adults suck the sap of 

the plant preventing the proper filling of tubers. Heavy infestation can lead to total field loss 

and abandon by farmers. Ants species associated with the ARTS are responsible of its dispersal. 
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Amongst these ants, Anoplolepis tenella is the dominant species (Dejean & Matile-Ferrero, 1996, 

Fotso Kuate et al., 2008). Surveys on the ARTS distribution in Cameroun indicated its 

presence in the six surveyed regions including Eastern, Central, Southern, Southwestern, 

Northwestern and Western (IITA, 2004). During this study, it was observed in the Ebolowa 

and Bertoua antennas comprising the regions reported by IITA (2004) but not in the 

Ngaoundere antenna which was not surveyed by IITA.  

 

Management options of the ARTS include vegetation management, selection of resistant 

varieties and ecology of the ant-ARTS interaction (Tindo et al., 2004; Fotso Kuate, 2011). No 

breeding against the ARTS has been done till now. However, testing and selection of 

resistant/tolerant cultivars are ongoing at IITA.  

 

The Variegated grass hopper, Zonocerus variegates L. is found in West Africa.  It is a 

controversial pest attacking about 300 host plant species, including a wide range of plantation 

and subsistence crops as cassava (Chiffaud and Mestre, 1990; De Gregorio, 1989; Modder, 

1994). Adults and nymphs eat the leaves and stem wood leading to complete defoliation of the 

plant. During this study, damages to cassava were observed only once supporting its sporadic 

pest status. 

 

Crops damages by grass cutter have been steadily reported by farmers but still considered as 

minor compared to other pests. However, trapping is the most common control option used by 

farmer. 

 

6.iii.ii. Natural enemies of cassava green mites 

Two groups of natural enemies namely predatory mites and cocinellids beetle were observed. 

Predatory mites comprised the introduced phytoseiids Typhlodromalus aripo and undetermined 

local phytoseiids. T. aripo was observed on cassava tips only during the second survey in two 

antennas, Ebolowa and Bertoua. Its incidence was very low in Ebolowa antenna (9.67±0.52%) 

and low in Bertoua antenna (29.06±13.31%). They were present in both improved and local 

varieties. Some varieties both local and improved attracted a considerable number of T. aripo 

but densities were not assessed during the present study due to time constraint.  

No single individual of local phytoseiids was observed during the first survey while they were 

observed in all the antennas except Bamenda during the second survey. The incidence was low 
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and varied significantly between antennas but not between varieties. Their mean numbers per 

leaf were very low (less than 2 individuals per leaf) and varied significantly between antennas 

(P < 0.001) and varieties (P < 0.001).  

 

Corroborating the incidence, the mean number was higher in Ebolowa antenna and Douala 

antenna compared to other antennas. This mean number was also higher on local compared to 

improved varieties. A Cocinellid beetle identified as Cheilomenes sulphurea was found on 

many cassava tips of the improved variety 92/0326 infested with green mite only at Bamesso 

(Bamenda antenna). 

 

6.iii.iii. Diseases 

Symptoms of the following diseases were observed in cassava fields: the CMD, the CAD, the 

CBB, the cassava root rot (CRR), the brown and white leaf spot but the later were not evaluated. 

Mean incidences and damages scores for the three predominant diseases recorded during the 

first and the second surveys are summarized in Table 6.3 and Table 6.4 respectively. 

During the first survey, the CMD incidence varied significantly between antennas (P < 0.05) 

and between varieties (P < 0.0001). It was higher in Ebolowa and moderate in Bertoua, 

Bamenda and Douala but very low in Ngaoundere. It was higher in local varieties compared to 

improved varieties. Mean damages scores were generally mild (less than level 2) and varied 

significantly between antennas (P < 0.0001) and between varieties (P < 0.0001). The highest 

mean score was observed in Ebolowa while cassava was almost free of CMD damages in 

Ngaoundere. When the CMD was present, local varieties were more attacked than improved 

varieties.  

 

During the second survey the pattern was almost the same as during the first survey. The CMD 

incidence also varied significantly between antennas (P < 0.0001) and between varieties (P < 

0.0001). It was higher in Ebolowa and Douala but low in Ngaoundere, Bertoua and, Bamenda. 

The incidence was still higher in local varieties than improved varieties. Mean damages scores 

were generally mild (less than level 2) and varied significantly between antennas (P < 0.0001) 

and between varieties (P < 0.0001). Corroborating the incidence, the highest mean score was 

observed in Ebolowa, then Douala, while cassava was almost free of CMD damages in 

Ngaoundere. Local varieties were more attacked than improved varieties.  
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During the first survey, the CBB incidence varied significantly between antennas (P < 0.05) but 

not between varieties (P > 0.05). It was higher in Ebolowa and Douala compared to Bamenda, 

Ngaoundere and Bertoua. Mean damages scores were generally mild (less than 2) and varied 

significantly between antennas (P < 0.0001) but not between varieties (P > 0.05). The highest 

mean score was observed in Douala followed by Ebolowa. Damages were very low in other 

antennas. The higher score observed was also 3 at Banga-Bakoko, Mbomono-Babengue 

(Douala antenna) on local varieties; Bamendjin (Bamenda antenna) on improved varieties 

95/0109 and 8804772 and at Wossing (Bamenda) on improved variety 96/1414. 

 

During the second survey, the CBB incidence also varied significantly between antennas (P < 

0.01) and between varieties (P < 0.001). It was higher in Ebolowa compared to Bamenda, 

Douala and Bertoua but low in Ngaoundere. The CBB incidence was higher in local varieties 

than improved varieties. Mean damage scores were also generally mild (less than 2) and varied 

significantly between antennas (P < 0.0001) and between varieties (P < 0.0001). Higher 

damage scores were observed in Ebolowa antenna. Local varieties were more attacked than 

improved varieties. 

 

During the first survey, the CAD incidence varied significantly between antennas (P < 0.0001) 

but not between varieties (P > 0.05). It was higher in Ebolowa, moderate in Douala and low in 

Bertoua, Ngaoundere and Bamenda. Mean damage severity scores were generally mild (less 

than 2) and varied significantly between antennas (P < 0.0001) but not between varieties (P > 

0.05). The maximum score observed was 3 at Koetye (Ebolowa antenna) and Banga Bakoko 

(Douala antenna) on local varieties.  

 

During the second survey, the CAD incidence also varied significantly between antennas (P < 

0.001) but not between varieties (P > 0.05). It was higher in Ebolowa, and low in Bertoua, 

Ngaoundere and Bamend and was completely absent in Douala. Mean damages scores were 

also generally mild (less than 2) and varied significantly between antenna (P < 0.0001) and 

between varieties (P < 0.05). Local varieties were more attacked than improved varieties. 

No symptoms of the CRR were observed on all the uprooted cassava plant in all sites during 

the first survey. However, they were observed during the second survey on improved varieties 

95/0109 and in Meiganga (two out of the 10 uprooted plants). Stem rot was found only once 
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during the first survey in Bityili (Ebolowa antenna) on a local variety called Ekobele which was 

more than 12 months old.  

 

This study was conducted during the seasons, which probably are not adequate for diseases 

evaluation. Diseases expression seems to be more obvious during the wet season. However, as 

mentioned above, even if surveys were conducted during dry season, there was some out 

season rain during the second survey which might have influence disease incidence. Therefore, 

out of diverse diseases known to occur on cassava in sub-Saharan Africa (Wydra and Msikita, 

1998; Wydra and Verdier, 2002; Ntonifor et al., 2005; Legg and Trensh, 2000; Hillocks and 

Wydra, 2002), the following were observed and evaluated: CMD, CAD, CBB and to lesser 

extend the cassava root rot.  The brown and white leave spot were also observed but not 

evaluated due to their low economic importance (Lozano and Booth, 1974; Silva et al., 1988). 

The CMD is the most important disease of cassava and has been reported in all cassava-

growing countries in Africa. CMD causes mosaic and leaf distortion, leading to defoliation and 

severe plant stunting. It was first detected in Uganda in 1928 (Martin, 1928) but has been 

considered a minor problem with limited impact on the cassava production. Severe epidemics 

were reported between 1933 and 1944, but were successfully controlled by the use of resistant 

cassava varieties and by sanitation of infected plants (Otim-Nape et al., 1997). Previous 

surveys in Africa reported that occurrence of CMD across ecozones is contradictory and is 

probably under the influence of environmental factors and the intensity of cassava cultivation 

(Wydra and Msikita, 1998; Wydra and Verdier, 2002; Ntonifor et al., 2005; Legg and Trensh, 

2000; Hillocks and Wydra, 2002).  

 

Since the late 1980s, an epidemic of unusually severe CMD, initially reported from north-

central Uganda, expanded to cover a large part of East and Central Africa with devastating 

effects on cassava production (Legg, 1999; Legg and Fauquet, 2004; Gibson et al., 1996; Legg 

et al., 2001, 2004; Neuenschwander et al., 2002; Bigirimana et al., 2004; Were et al., 2004; 

Bull et al., 2006). In Cameroon, severity of CMD has been reported to be mild to severe (Legg 

et al., 2004) and recently in the Adamawa region bordering the Central Africa Republic 

(Akinbade et al., 2010). In Africa, several distinct species of virus are associated with CMD, 

namely African cassava mosaic virus (ACMV), East African cassava mosaic virus (EACMV), 

East African cassava mosaic Cameroon virus (EACMCV), East African cassava mosaic Kenya 

virus (EACMKV), East African cassava mosaic Malawi virus (EACMMV), East African 
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cassava mosaic Zanzibar virus (EACMZV) and South African cassava mosaic virus (SACMV) 

(Fondong et al., 2000; Stanley et al., 2005). Zhou et al. (1997) and Deng et al. (1997) reported 

a new cassava mosaic virus in Uganda (EACMV-UG1), which is considered to be a natural 

recombinant between ACMV and EACMV. This new virus is associated with the severe 

Ugandan epidemic of CMD. The severe outbreak of CMD has also been attributed to a 

synergistic interaction between African cassava mosaic virus (ACMV), the East African 

cassava mosaic virus (EACMV), and the recombinant strain EACMV-UG (Deng et al., 1997; 

Zhou et al., 1997; Pita et al., 2001). In Cameroon, species found associated with CMD are 

African cassava mosaic virus (ACMV), East African cassava mosaic Cameroon virus 

(EACMCV) and East African cassava mosaic virus (EACMV) (Fondong et al., 2000).  The 

severe strain (EACMV-UG) was associated with the severe CMD reported recently in the 

Adamawa region bordering the Central Africa Republic (Akinbade et al., 2010). Single 

infection of ACMV was the most frequent and EACMV/EACMCV, and mixed infections of 

ACMV with EACMV/EACMCV were detected. Also the EACMV-UG, was reported as a 

mixed infection with ACMV and/or EACMV/EACMCV (Akinbade et al., 2010).  

 

The most promising method of controlling the CMD is breeding resistant varieties. Breeding 

for resistance began at the IITA in 1971 and built on the hybrids developed at the Amani 

research station in Tanzania by Colonial governments.  New mosaic-resistant varieties called 

TMS series were developed and their delivery to farmers through national programs has led to 

the widespread and successful deployment of CMD resistant cassava in sub-Saharan Africa 

(Manyong et al., 2000).  To prevent the progression of the severe strain of CMD, IITA is now 

introducing resistant clones in the Eastern region of Cameroon.  

 

The Cassava Bacterial Blight, caused by Xanthomonas axonopodis pv. manihoti is a major 

constraint to cassava cultivation worldwide. Field symptoms include water-soaked angular leaf 

spots, blighting, wilting, defoliation, vascular necrosis of the stem, production of exudates on 

leaves, petioles or stems, and stem dieback (Lozano, 1986). Root yield losses exceeding 50 to 

75% depending on the severity of the disease, or complete loss of yield and planting material in 

case of severe infections were observed (Wydra and Rudolph, 1999; Wydra, 2002; Zinsou et al, 

2004). In the past years, an increased severity of bacterial blight with regionally serious 

outbreaks was observed in Africa (Boher and Agbobli, 1992; Porto et al., 1994; Wydra and 

Msikita, 1998; Banito et al., 2001). CBB incidences were reported to be higher in the savannah 

zones than in the forest transition and rain forest zones (Wydra and Msikita, 1998). This 
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prevalence in the savanna zones has been attributed to the survival of the causal organism in 

plant debris during the dry season (Persley, 1979). CBB distribution was described in 

Cameroon with variable incidence and severity according to ecozones (Wydra and Msikita, 

1998). Results from this study indicate that incidences of CBB were higher in humid forest 

area compared to other ecozones, are not in line with previous findings but corroborated those 

by Bafemka et al., 2011 in Guinea. Haln et al. (1989) also reported that the severity and 

incidence of CBB are highly correlated to the amount of rainfall. The only practicable means of 

controlling CBB is the use of resistant clones.   

 

The cassava anthracnose disease (CAD) is caused by C. gloeosporioides (Penz) f. sp. 

manihotis Chev and is characterized by deeper cankers, causing stems to become brittle and 

easy to break by wind action. The most outstanding effect of the disease is its ability to cause 

severe stem damage, wilting of leaves and diebacks. The overall effect of these is the reduction 

in yield and in the amount of healthy planting material availability to farmers. In Africa, CAD 

is considered to be of major importance in terms of its potential for causing damage in cassava. 

Muyolo (1984) observed that 90% of local cassava in Zaïre (RD Congo) were severely affected 

by CAD just as Makambila (1987) reported that more than 80% cassava plants in Congo 

showed CAD symptoms. Breeding for resistance to cassava anthracnose disease appears to be 

the most efficient means of control of CAD (Hahn et al., 1989).  

 

Cassava root rots are common in Africa, Asia and Latin America (Onyeka, 2002; Onyeka et al., 

2004; Bandyopadhyay et al., 2006). They are caused by a wide range of fungal and bacterial 

pathogens including Botryodiplodia theobromae, Fusarium oxysporum, F. solani, Aspergillus 

niger, A. flavus, Sclerotium rolfsil, Armilleria melea, and Trichoderma species. The commonly 

isolated fungi is B. theobromae. Damages include the loss of leaves, dieback in stems and 

shoots, and root deterioration. Amongst major cassava diseases, root tots are the most poorly 

understood probably because pathogens affect mostly the underground part of the plant 

(Bandyopadhyay et al., 2006; Afolali et al., 2010). 

 

6.iv. Conclusion 

Regular monitoring of the status of pests and disease infestation is an important step in the 

integrated plant health management scheme. It helps to raise awareness on new or outbreak of 

biotic constraints to plant production and the timely deployment of control options. This study 
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took the opportunity of the evaluation of introduced plant material in selected area, and also 

reviewed the current status of cassava health management in Cameroon.  

During the present surveys, more pest individuals were observed and their incidence and 

severities were higher during the first than the second surveys and many known cassava pests 

in Africa were observed in Cameroon namely cassava mealy bug, cassava green mite, cassava 

red mite, tobacco white fly, spiralling white fly, African root and tuber scale and variegated 

grass hopper. Damages by grass cutters were also reported by farmers. However some reported 

pests like termites, green mealybug Phenacoccus madeirensis Green, stripped mealybug 

Ferrisia virgata (Cockerell) and the white scale Aonidomytilus albus (Cockerell) were not 

observed indicating that they are not common.  

 

Regarding cassava diseases, this study was conducted during the seasons which probably are 

not adequate for diseases evaluation because diseases expression seems to be more obvious 

during the wet season. However, there was some out season rain during the second survey 

which might have influence disease incidence. Of diverse diseases known to occur on cassava 

in sub-Saharan Africa, the following were observed and evaluated: CMD, CAD, CBB and to 

lesser extend the cassava root rot.  The brown and white leave spot were also observed but not 

evaluated due to their low economic importance. 

 

As follow up activities for introduced varieties, this survey clarified that great reduction of 

diseases incidences such as CMD was observed through introduction of improved varieties, but 

not in such extent for CAD and CBB in 2008.  Incidences for pest and diseases also depend on 

the year, in which 2008 season showed higher incidences for pest and diseases than those of 2009.   
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Table 6.1.  Cassava infestation by pests in the five study areas and incidence of damages in 2008 
 
 

 

 

Antenna/Varieties 

Green mites Red mites Whites flies Local phytoseiids Mites damages 

1
st
 Survey 2

nd
 Survey 1

st
 Survey 2

nd
 Survey 1

st
 Survey 2

nd
 Survey 1

st
 

Survey 

2
nd

 Survey 1
st
 Survey 2

nd
 Survey 

Bamenda 74.8±22.1a 28.4±35.8b 00.6±2.4a 00.0±00.0a 05.7±14.6a 20.6±29.5a -- 00.0±00.0c 75.0±33.6a 26.0±34.0a 

Bertoua 75.4±29.2a 26.1±31.2b 00.0±00.0c 00.0±00.0a 13.8±15.3a 20.9±25.2a -- 04.2±14.4c 29.9±43.2b 7.8±14.6b 

Douala  56.2±35.2a 00.0±00.0c 27.8±16.8a 00.0±00.0a 28.5±26.4a 40.3±41.2a -- 15.4±26.6b 35.8±29.6b 00.0±00.0c 

Ebolowa 63.0±21.8a 08.7±17.1c 24.2±15.3a 03.1±06.2a 06.6±11.5a 32.6±25.7a -- 56.4±30.4a 28.3±21.3b 06.7±13.7b 

Ngaoundéré 78.6±10.6a 76.9±22.7a 00.8±01.6a 00.4±01.3a 05.0±10.0a 10.1±22.0a -- 02.7±08.5c 63.6±37.6a 60.8±34.5a 

Locals 64.4±26.4 33.0±39.0 10.8±14.7 01.4±03.9 18.4±20.3 20.1±23.1 -- 24.8 ±32.7 41.2±35.3 29.4±39.6 

Improved 77.1±19.7 33.7±36.2 02.8±09.8 00.0±00.0 03.6±09.4 22.5±30.1 -- 00.0±00.0 68.8±36.4 20.5±28.2 

Means with the same letter in a column are not significantly different (Tukey’s test). 
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Table 6.2. Cassava infestation by pests in the five study areas and incidence of damages in 2009 

 

 

 

Antenna/Varieties 

Green mites Red mites Whites flies Local phytoseiids Mites damages 

1
st
 Survey 2

nd
 Survey 1

st
 Survey 2

nd
 Survey 1

st
 Survey 2

nd
 Survey 1

st
 

Survey 

2
nd

 Survey 1
st
 Survey 2

nd
 Survey 

Bamenda 14.1±20.3 

a 

04.8±13.2b 00.2±02.8 

c 

00.00±0.0b 01.5±04.6a 00.6±01.3b -- 00.0±00.0c 02.3±01.3a 01.4±00.7b 

Bertoua 16.0±24.5 

a 

01.2±03.8b 00.0±00.0 

c 

00.0±00.0b 00.2±00.7b 00.6±01.5b -- 00.16±00.5c 01.4±00.8b 01.1±00.3b 

Douala  15.5±22.2 

a 

00.1±00.6c 03.0±10.5 

a 

00.0±00.0b 02.2±05.7a 01.3±02.1a -- 00.47±01.0b 01.7±01.1b 01.0±00.0c 

Ebolowa 11.6±19.4 

a 

01.1±05.3b 01.0±02.3 

b 

00.2±00.8a 00.4±01.6b 00.6±01.2b -- 01.67±02.0a 01.3±00.5b 01.1±00.5bc 

Ngaoundéré 16.6±21.7 

a 

16.8±21.3a 00.0±00.1 

c 

00.0±00.0b 00.1±00.5b 01.2±06.5a -- 00.14±00.8c 02.4±01.3a 02.2±01.2a 

Locals 12.1±18.8  07.0±16.1 00.9±05.7  00.1±00.5 01.4±04.8 00.5±01.1 -- 00.86 ±01.6 01.6±01.0 01.5±00.9 

Improved 17.7±23.7 05.2±12.8 00.3±02.8 00.0±00.1 00.6±01.9 01.2±04.8 -- 00.01±00.1 02.3±01.3 01.4±00.8 

Means with the same letter in a column are not significantly different (Tukey’s test). 
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Table 6.3. Cassava infection by three major diseases in the study areas in 2008 

 

 

 

Antenna/Varieties 

CMD CAD CBB 

1
st
 survey 2

nd
 survey 1

st
 survey 2

nd
 survey 1

st
 survey 2

nd
 survey 

Bamenda 26.3±40.1b 08.7±21.3c 02.5±05.7d 02.0±04.1c 56.3±31.2b 53.9±35.1b 

Bertoua 32.2±24.4b 11.0±28.1c 14.4±14.2c 18.0±32.9b 36.7±30.0b 41.0±35.1b 

Douala  25.1±27.8b 50.0±57.7b 34.2±35.3b 00.0±00.0c 80.0±36.2a 50.0±42.4b 

Ebolowa 51.4±38.0a 79.4±28.0a 60.0±23.8a 35.0±31.6a 80.0±16.3a 71.9±32.9a 

Ngaoundéré 12.5±18.9c 16.4±36.4c 10.0±14.1c 02.7±04.7c 47.5±40.3b 20.9±35.1c 

Locals 49.6±33.4 66.3±37.8 26.4±31.2 17.0±23.8 65.0±35.4 65.7±36.5 

Improved 06.5±12.3 00.3±01.7 13.5±21.8 13.1±29.7 53.0±31.5 34.4±33.2 

Means with the same letter in a column are not significantly different (Tukey’s test). CMD: Cassava Mosaic Disease, CAD: 

Cassava Anthracnose Disease, CBB: Cassava Bacterial Blight 

 

 

 

Table 6.4. Cassava infection by three major diseases in the study areas in 2009 

 
Means with the same letter in a column are not significantly different (Tukey’s test). CMD: Cassava Mosaic Disease, CAD: 

Cassava Anthracnose Disease, CBB: Cassava Bacterial Blight 

 

Antenna/Variety 

CMD CAD CBB 

1
st
 

Survey 

2
nd

 

Survey 

1
st
 

Survey 

2
nd

 Survey 1
st
 

Survey 

2
nd

 

Survey 

Bamenda 1.3±0.6c 1.1±0.5c 1.0±0.2c 1.0±0.1c 1.6±0.6c 1.5±0.6b 

Bertoua 1.4±0.5c 1.3±0.6c 1.1±0.4c 1.1±0.4a 1.4±0.5d 1.4±0.5b 

Douala  1.2±0.4b 1.7±0.7b 1.3±0.0b 1.0±0.0c 2.0±0.4a 1.5±0.5b 

Ebolowa 1.6±0.5a 2.1±0.8a 1.7±0.6a 1.3±0.5a 1.8±0.4b 1.8±0.5a 

Ngaoundéré 1.1±0.3c 1.2±0.4c 1.1±0.3c 1.0±0.2c 1.5±0.5c 1.2±0.4c 

Locals 1.5±0.6 1.9±0.8 1.3±0.5 1.2±0.4 1.8±0.5 1.7±0.5 

Improved 1.1±0.2 1.0±0.1 1.1±0.4 1.1±0.3 1.6±0.5 1.3±0.5 
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Fig. 6.1. Surveyed sites for cassava pests and diseases; March 2008 to February 

2009 
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CHAPTER 7 
 

INTERACTIONS BETWEEN CASSAVA VARIETIES AND SOILS ON 

CASSAVA YIELD 

 
 
 

7.i. Introduction 

 

Cassava is usually grown by poor farmers in the tropics with a minimum of inputs and 

considered as an efficient nutrient extractor, if not a soil exhauster, often grown as the last 

crop in a rotation before the nutrient-depleted soil is returned to bush-fallow (Ofori, 1973; 

Edwards and Kang, 1978; Howeler, 1991). In Cameroon, cassava is often cultivated in soils 

that are very low in nutrients and organic matter. Under such condition, yield often decline 

when the crop is grown successively without fertilizer application. In addition, existing soil 

classification systems in Cameroon do not provide enough information on any particular soil 

to help establish relations between its chemical properties and plant growth. Densely 

populated and intensively cropped areas are prone to erosion and declining soil fertility, 

making the cultivation of cassava unsustainable.  

 

Analysis on on-farm cassava trials between 2004 and 2006 were done in Chapter 4, which 

resulted in the selection of four varieties (92/0326, 92/0057, 96/0023 and 96/1414) out of six 

varieties that were nominated by farmers in on-station experiment at Mbalmayo during 2004 

(Chapter 3) for on-farm trails thereby active participation of local farmers played a crucial 

part for the selection. In agronomic aspect, it is very important to characterize the selected 

clones, in terms of productivity and interactions with environment such as climate, soils, 

fertilizer response etc. to ensure the establishment of certain varieties in specific local 

conditions.  In chapter 4, statistical analysis (ANOVA) clarified that certain clones are 

relatively less productive (8085 and 88071-3), and then they were dropped out of the 

selection. Likewise, there often found statistically significant interactions between clones and 

location/site (Chapter 4), showing that clones respond to local conditions differently, which 

hinders the overall site effect on cassava growth in general.  In case that there is no site effect 

found in 2-way ANOVA (clone x site), any differences among site such as soil characteristics 

and precipitation cannot be attributed to the growth of cassava. 

Therefore, the objective of this chapter is to clarify interactions between cassava clones and 

soils on cassava yield in cases where significant interactions between site and clones are 



94 
 

found in previous ANOVA analysis. 

 

7.ii. Materials and Methods 

On-farm trial was conducted in 2004 and 2005 using the same varieties as in the regional trial 

2006.  Four locations (Kribi, Bafia, Sangmelima and Yaounde) was selected in 2004 and each 

location having 4 trial sites while five locations (Batchenga, Ngoulemagong, Okola, 

Mbengwi and Bamenda) was selected in 2005 and each location having 3 trial sites except for 

Batchenga location that had only two trial sites. Information about soil conditions, water 

availability, previous crops, pests and disease incidence was collected and used in 

interpreting the results of the trial. Prior to cassava growth experiment, three soil samples of 

three layers (0 – 10cm, 10 – 20 cm and 20 – 30cm) from three different points were collected 

per experimental site by the use of soil auger and each layer bulked into bag and a composite 

representative sample was derived from it. Soil samples were air dried, thoroughly mixed, 

ground and sieved through 2mm sieve and retained for laboratory analysis.  For the purpose 

of nutrient availability to cassava, only laboratory result from composite surface soil samples 

(0-10cm) were used to correlate cassava yield. Available P was determined (Bray and Kurtz, 

1945) and organic carbon (Walkley and Black, 1934). Exchangeable cations (Ca, Mg, K, Na) 

were determined by extracting the soil with 1N NH4OAc at pH7 (Schollenberger and Simon, 

1945), using flame photometer while exchangeable Mg and Al (extracted with 1N KCL) were 

determined by Atomic Absorption Spectrophotometer.  

7.iii. Results and Discussion 

7.iii.i. Correlation matrix for soil parameters and cassava tuber weight 

Results of soil physical and chemical properties of surface soils (0-20 cm) for 2004 and 2005 

on-farm trials are presented in Table 7.1 and Table 7.2 respectively. Correlation matrix of 

tuber fresh weight (TFW) and soil chemical analysis are shown in Table 7.3, for trial of 2004, 

and Table 7.4 for that of 2005.  In these tables, TFWs represent the average values of all 

clones, since soil samples are all mixed for each site. Asterisks of lower half of the table 

shows the significant levels of 0.05 for *, and that of 0.01 for **, for respective variable pairs.   

There are strong correlation coefficient among Soil pH and exchangeable cations (Ca, Mg, K), 

and Organic carbon vs. total nitrogen.  Tuber fresh weight had only significant correlation 

with C/N ratio in both Table 7.3 and 7.4.  Figs. 7.1 and 7.2 showed the positive correlation 

between TFW and C/N ratio.  In both figures, data was shown by each location.  These 
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figures show that in 2004 trials, the site differences are large enough within a location, so that 

there is no clear tendency between locations.  In contrast, 2005 trials showed clear tendency 

that Mbengwi and Batchenga locations had higher values of C/N ratio, and Okola location 

lowest.  The reason for this is not clear, but, under slash-and-burn or bush fallow system in 

general, heterogeneity of crop field is so large that pH range is more than 2 within a field 

(Sarr et al., 2013) and so as C/N ratio.  In such occasion, the analysis should be based on sites 

rather than location.   

 

Since C/N ratio is an indicator of the decomposition status of soil organic matter and the 

easiness to release nitrogen to plants when the value is close to 10, tendency that better 

cassava yields in high C/N ratio contradict what is generally believed.  This is partly because 

in southern and eastern Cameroon, plants uptake nutrient from the surface litter and few cm 

of top soils where fine roots are concentrated (Sugihara et al., 2014).  Turn-over rate of soil 

organic matter might control the plant growth where continuous addition of litter fall keeps 

the C/N ratio rather high.    

 

7.iii.ii. Characterization of soils in experiment sites 

Fig. 7.3 and Fig.7.4 showed the relationships between total nitrogen and soil organic carbon, 

and Exchangeable Ca and Soil pH, respectively. There were large differences in terms of soil 

organic matter contents among locations. Bamenda and Mbengwi had more than 5 % of SOC 

in surface soils, while Kribi, Sangmelima Batchenga and Bafia soils had less than 3 % of 

SOC.  Yaounde and Ngoulemakong soils showed between 3-4 % of SOC.  On the other hand, 

exchangeable Ca and Soil pH showed positive correlation (Fig.7.4), in which Kribi, 

Sangmelima Bamenda soils showed low exchangeable Ca and pH, and relatively high soil pH 

and exchangeable Ca for Yaounde and Bafia soils.  Information of land use for each location 

is not clear, but higher soil pH suggest grass vegetation and lower soil pH as low as 3.5 

suggest forest vegetation (Shibata 2014).   

 

7.iii.iii. Possible cause of clone x site interaction 

In chapter 3, 2-way ANOVA (clone x site) showed significant interactions, whereas site alone 

showed no difference.  This means that certain clone grows well in some sites, but other 

clones do not. Such abnormality might not happen if good soils always give good cassava 

harvest whatever varieties. Lots of factors may contribute to this, such as climate 

(precipitation, soil moisture conditions) and soil chemical properties (soil pH, soil organic 
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matter, and soil nutrients), and growth patterns of cassava itself.  Can interactions between 

clones x sites by Two-way ANOVA analysis be explained by soil characteristics or not?   

Significant interaction in ANOVA is typically expressed in case that extreme high yield of 

cassava is given in different site and different clones.  However, it needs more detailed 

analysis in terms of yield components of cassava, before comparing yield with soil 

characteristics. 

 

7.iv. Conclusion 

Correlation analysis between soil characteristics and TFW showed that C/N ratio of surface 

soils had significant correlation with TFW, showing that turn-over rate of soil organic matter 

might control the plant growth where continuous addition of organic matter keeps the C/N 

ratio rather high. Statistical regression analysis reviled that significant interaction between 

clone x site found in 2-way analysis at Chapter 4, is not due to different response of clones to 

soils.  Rather, more specific analysis of yield component of each clone is necessary (plant 

density, disease infection rate, and dry matter content).  Low pH tolerance of cassava and 

affinity for high C/N ratio should be further studied, in connection with clone characteristics. 
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Table 7.1: Soil physical and chemical properties for 2004 on-farm trials 
          

                   

Location Site 

Physical properties Chemical properties 

SAND CLAY SILT pH Total N Total C C/N Ca Mg K Al Na P Zn Cu Mn Fe 

% Water % cmol/kg ppm 

Kribi 

Fifinda 74.40 11.02 14.58 4.45 0.20 2.75 14.06 0.86 0.28 0.12 0.84 0.04 7.22 9.17 0.26 16.08 260.69 

Bikondo 73.54 15.02 11.43 4.64 0.18 2.16 12.21 1.99 0.53 0.13 0.24 0.01 12.31 8.97 0.92 27.97 173.51 

Lendi 73.40 19.02 7.58 3.65 0.25 2.68 10.66 0.66 0.26 0.09 1.16 0.01 13.55 5.97 0.33 13.00 162.48 

Akok 68.54 14.95 16.50 4.35 0.15 1.63 10.62 1.38 0.37 0.13 0.46 0.02 16.67 2.88 1.20 100.45 169.14 

Bafia 

Tchekane 47.62 36.95 15.43 6.65 0.14 2.25 15.89 9.77 2.47 0.85 0.05 0.02 24.55 5.32 1.42 369.55 98.00 

Goufan 1 64.62 14.88 20.50 5.16 0.08 1.15 14.84 3.13 1.71 0.28 0.05 0.03 8.03 1.25 0.49 73.50 308.46 

Goufan Centre 60.47 24.88 14.65 5.44 0.08 0.91 10.81 3.27 1.44 0.11 0.03 0.02 3.01 1.75 0.54 438.17 100.72 

Goufan 2 64.54 16.88 18.58 5.43 0.08 1.28 15.72 2.53 1.49 0.24 0.02 0.02 13.55 1.31 0.88 218.19 239.03 

Sangmelima 

Ndjantom 46.40 45.88 7.72 4.46 0.17 2.61 15.29 1.18 0.75 0.17 0.97 0.00 7.37 2.21 0.93 271.75 205.27 

Bissono 65.62 24.88 9.50 5.14 0.13 2.21 16.47 3.57 1.56 0.50 0.07 0.04 85.97 1.13 0.31 31.51 205.69 

Avebe-Yekombo 32.40 58.95 8.65 5.10 0.19 2.23 11.45 5.01 1.51 0.66 0.08 0.01 15.80 1.67 0.45 56.06 177.00 

Etun'nlinga 48.62 44.88 6.50 4.04 0.19 2.30 12.06 1.96 1.04 0.15 0.84 0.01 8.08 2.56 0.63 47.72 249.50 

Yaounde 

Nguibassal 73.54 16.95 9.50 5.06 0.11 1.57 14.35 3.30 1.19 0.19 0.02 0.01 22.42 4.02 0.88 252.76 106.11 

Nkoabang 48.62 40.95 10.43 4.77 0.17 2.09 11.97 3.98 1.32 0.38 0.04 0.01 7.51 5.39 0.74 126.60 61.61 

Ndziefidi 54.26 34.02 11.72 5.03 0.26 3.45 13.19 5.83 2.64 0.44 0.02 0.01 16.69 4.00 0.94 163.58 186.32 

Abonde 42.62 40.95 16.43 6.75 0.26 3.24 12.39 19.86 3.36 0.54 0.04 0.01 59.95 11.61 5.14 747.11 136.52 
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Table 7.2: Physical and chemical properties for 2005 on-farm trials 

                   

Location Site 

Physical properties Chemical properties 

Sand Clay Silt pH Total N Total C C/N Ca Mg K Na Al P Zn Cu Mn Fe 

% Water % cmol/kg ppm 

Batchenga 
Nkometou 51.96 28.76 19.28 5.15 0.16 2.21 14.12 5.25 3.06 0.30 0.01 0.01 14.45 11.65 8.42 446.43 125.46 

Batchenga 61.60 27.76 10.64 4.82 0.18 1.80 9.84 3.20 1.72 0.26 0.01 0.01 4.14 2.46 3.26 247.88 100.24 

Ngoulemakong 

Ekowondo 44.60 47.76 7.64 4.35 0.20 2.54 12.87 3.37 1.09 0.20 0.03 2.27 8.30 2.16 0.51 20.08 214.09 

Binenyale 44.60 45.76 9.64 5.23 0.32 3.67 11.54 9.46 2.02 0.36 0.02 0.28 8.65 4.95 1.16 75.16 122.89 

Fone 53.32 36.12 10.56 4.73 0.22 2.25 10.36 4.72 1.17 0.30 0.02 0.10 9.84 1.54 0.90 28.99 112.65 

Okola 

Okola 47.32 37.12 15.56 6.04 0.26 2.41 9.30 8.24 3.90 0.53 0.02 0.01 5.47 9.10 2.45 458.49 131.89 

Ovodoula 52.32 35.12 12.56 4.33 0.16 1.71 10.56 2.50 1.34 0.19 0.02 0.01 6.48 1.76 1.65 271.98 126.49 

Okola centre 59.96 25.48 14.56 4.95 0.21 2.22 10.71 5.09 1.68 0.17 0.02 0.01 5.82 5.49 2.29 491.51 160.25 

Mbengwi 

Djembeng 52.96 23.48 23.56 4.25 0.37 5.37 14.43 1.50 0.29 0.20 0.05 0.61 2.53 0.83 0.30 9.80 48.12 

Mbengwi 46.96 36.48 16.56 4.28 0.32 4.78 14.72 1.50 0.37 0.19 0.03 0.85 3.44 0.83 0.32 8.21 83.25 

Bessi Fomukong 50.96 31.48 17.56 4.40 0.25 3.52 14.31 0.53 0.23 0.08 0.05 0.55 1.48 0.25 0.42 6.86 36.38 

Bamenda 

Bali Bawork 39.60 25.48 34.92 4.25 0.58 7.33 12.57 0.87 0.28 0.16 0.17 0.26 1.17 0.24 0.12 6.18 33.36 

Pinyin 52.96 23.48 23.56 4.80 0.52 5.86 11.31 2.03 0.88 0.35 0.22 0.06 1.03 0.26 0.12 13.16 67.81 

Okomajang 30.96 36.48 32.56 5.18 0.25 2.78 11.14 5.86 7.48 1.00 0.07 0.01 1.03 0.73 0.52 21.57 65.94 
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Table 7.3: Correlation matrix for soil parameters and cassava tuber weight (2004) 

 

TFW pH Total N Organic C C/N Bray P Ex.Ca Ex.Mg Ex.K Ex.Na Ex.Al 

TFW 1.0000 0.4339 0.0878 0.3412 0.5193 0.3630 0.4317 0.2776 0.3896 0.0551 0.0378 

pH 

 

1.0000 -0.1589 -0.0101 0.3611 0.4282 0.8271 0.8479 0.7244 0.0077 -0.7149 

Total N 

  

1.0000 0.9217 -0.4035 0.1294 0.3393 0.1395 0.1314 -0.4500 0.3833 

Organic C 

  

** 1.0000 -0.0366 0.2725 0.3894 0.2603 0.2732 -0.3195 0.3215 

C/N * 

   

1.0000 0.3577 0.0429 0.2503 0.3249 0.4205 -0.2126 

Bray P 

     

1.0000 0.5121 0.4461 0.4638 0.2609 -0.3021 

Ex.Ca 

 

** 

   
* 1.0000 0.8608 0.6511 -0.2850 -0.4524 

Ex.Mg 

 

** 

    

** 1.0000 0.7344 -0.2011 -0.6592 

Ex.K 

 

** 

    
** ** 1.0000 -0.1172 -0.5445 

Ex.Na 

         

1.0000 -0.0371 

Ex.Al 

 

** 

     

** * 

 

1.0000 

*, significant at 0.05; **, significant at 0.01 

 

Table 7.4: Correlation matrix for soil parameters and cassava tuber weight (2005) 

 

TFW pH Total N Organic C C/N Bray P Ex.Ca Ex.Mg Ex.K Ex.Na Ex.Al 

TFW 1.0000 0.0493 0.3950 0.5264 0.6254 -0.0091 -0.0083 -0.1217 -0.1149 0.1306 0.1599 

pH 

 

1.0000 -0.2364 -0.4043 -0.5636 0.2742 0.8545 0.6809 0.6068 -0.2105 -0.4545 

Total N 

  

1.0000 0.9595 0.1888 -0.5890 -0.3376 -0.3131 -0.0643 0.8751 -0.0434 

Organic C 

  

** 1.0000 0.4462 -0.5708 -0.4734 -0.4113 -0.1812 0.7915 0.0907 

C/N * * 

  

1.0000 -0.0384 -0.5153 -0.3859 -0.3778 0.0706 0.4677 

Bray P 

  

* * 

 

1.0000 0.4954 0.0578 -0.1296 -0.5972 0.0536 

Ex.Ca 

 

** 

    

1.0000 0.6141 0.5366 -0.4174 -0.2560 

Ex.Mg 

 

** 

    

* 1.0000 0.9374 -0.1713 -0.3280 

Ex.K 

 

* 

    

* ** 1.0000 0.0519 -0.2969 

Ex.Na 

  

** ** 

 

* 

   

1.0000 -0.0968 

Ex.Al 

          

1.0000 

*, significant at 0.05; **, significant at 0.01
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Fig. 7.1. Relationship between TFW and C/N ratio of soil organic matter for 2004 trials. 

 

 

 

 

Fig. 7.2. Relationship between TFW and C/N ratio of soil organic matter for 2005 trials. 
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Fig.7.3. Relationship between soil total nitrogen and soil organic carbon 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.4. Relationship between exchangeable Ca and soil pH.  
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CHAPTER 8 

DEVELOPMENT, DISSEMINATION AND USE OF CASSAVA CHIPPER 

 

 

8.i. Introduction 

High cost of processing machines is a major setback for cassava processing as the costs of 

mechanical peeler and chipper are beyond small-scale cassava processors and this hinders them 

from fully mechanizing cassava processing. In addition, inadequate processing equipment 

coupled with perishability of cassava root limit cassava development. Farmers in Cameroon are 

often unable to process harvested roots and have to sell at a very low price to middlemen and 

retailers due to rapid deterioration of the roots with self-life of 24-48 hours after harvest 

(Nyerhovwo, 2004; Stephen and Eric, 2009). Once harvested, it has to be either consumed 

immediately or processed into more stable products. The future of cassava depends very much 

upon development of improved processing technologies and of improved products that can meet 

the changing needs of urban people and on its suitability for alternative uses (Westby, 2008).  

Due to the smallholder nature of farming systems and the low density of producers in more 

inaccessible areas; resulting to low production capacity, investment in centralized/permanent, 

motorized cassava processing equipment is often not economically justified in these areas. Fresh 

cassava roots cannot be stored or bulked for long distance transport because they rot within 3-4 

days of harvest (Henry and Hershey, 2002). They are bulky with about 70% moisture content 

and therefore transportation of the tubers to centralized/permanent processing units or urban 

markets is difficult and expensive (Nweke, 2004) causing major wastes during harvest periods 

(Bakia and James, 1999). The roots and leaves contain varying amounts of cyanide which is 

toxic to humans and animals, while the raw cassava roots and uncooked leaves are not palatable 

(Nagib and Antonio, 2006; Nagib and Nassar, 2006). Therefore, cassava must be processed 

immediately and close to production areas to increase the shelf-life of the products, facilitate 

transportation and marketing, reduce cyanide content and improve palatability (Jones and 

Akinrele, 1986; Nweke, 2008).  
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Processing, although manually dominated, reduces food losses and stabilizes seasonal 

fluctuations in the supply of products (Nweke, 1994). However, the drudgery associated with 

traditional processing is enormous and the products from traditional processing methods are 

often contaminated with undesirable extraneous matter. Some of the products are therefore not 

hygienic and so are of poor market value. The processing methods include peeling, boiling, 

steaming, slicing, grating, soaking or seeping, fermenting, pounding, roasting, pressing, drying, 

and milling.   

In Cameroon, cassava products are commercialized mostly to supply household consumer 

markets with a total estimated equivalent of 1.1 million tons of fresh cassava consumed in 2002. 

This low estimate is mainly because processing relies largely on family labour (PNDRT, 2005) 

and transport of products to markets is made difficult by the poor condition of rural roads. 

Currently, however, there is a growing awareness of the potential of cassava as a source of food 

and of income (Sanni et al., 2007). Cassava and its products (e.g., batons, paste, flour, fufu, gari, 

chikwangue and starch) are being sold both in Cameroon and elsewhere in Central Africa for the 

rapidly growing urban populations (Essono et al., 2008). This increase in demand for cassava has 

led to increased prices in Cameroon and an increase in production exceeding the previous 

traditional subsistence systems (Agristat, 2010). Cassava is produced mainly by smallholders 

while processing is traditionally done into numerous products and utilized in various ways 

according to local customs and preferences (Numfor and Ay, 1987). During the rainy season, 

sunshine and ambient temperatures are relatively low for processing cassava, particularly in 

forest area where cassava is mostly grown and utilized. In other localities, particularly in savanna 

zones, water which is essential for processing cassava is not easily available and in the dry 

season when the soil is hard, harvesting and peeling tubers for processing are difficult and result 

in more losses.  

The IFAD-sponsored PNDRT program coordinated by the Ministry of Agriculture and Rural 

Development was launched in September 2004, and intended to increase production of cassava 

in Cameroon by supporting producers and their organizations to overcome some of the problems 

identified. These include improving yields and improving access to more efficient processing 

methods. IITA is their technical partner and contributes in the development of technologies such 
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as improved varieties of roots and tubers, cultural methods of production and rural engineering 

and processing.  

 

In January 2007, PNDRT embarked on a program to promote and disseminate the manual 

cassava chipper within the framework of its efforts on value addition to enhance farmers’ income 

and these facilities were set up in 35 pilot villages. It is within this scheme that an agreement was 

signed by IITA and PNDRT to produce and distribute 100 cassava chippers (80 manual and 20 

motorized), in September 2009 for the promotion of cassava processing in Cameroon. Motorized 

cassava chipper was included to compare products derived from manual cassava chipper in 

communities where they are introduced. This chapter describes the development of 

dissemination of cassava chipper, and assesses its impact on local communities through a survey 

carried out in February and March, 2011. 

8.ii. Materials and Methods 

To increase accessibility to processing equipment in a system where cassava is processed 

individually at household level, a manual cassava chipper made of local material was planned. 

This manual chipper was tested with farmers in several villages and has a capacity to process up 

to 260 kg cassava per hour, which is enough for several farming households to consume in two 

months. The piece of equipment is essentially a manually operated chipper/grater that can be 

used to obtain a stable, easy-to-carry product with considerably lower labour requirements. It is 

designed with the following characteristics:  

 simple, robust design  

 constructed of locally available material 

 relatively low cost compared to imported and motorized machines  

 easy to repair/clean 

 no additional fuel costs 

 mobile and so easy to carry and share by other farmers 

 optional replacement of grating/chipping drums by processors 

The technology may be especially useful in isolated areas with difficulties to access markets and 

absence alternative processing facilities. In many parts of Cameroon, flour is already produced 

by drying chips that are manually cut or incidentally by drying grated cassava mash, using 
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manual grating boards. Manual grating and cutting is prone to injuries and besides requires a lot 

of time. The product quality varies as chips are too thick to dry fast or are unequal in size. Chips 

deteriorate quickly if left moist and can develop a problem with mycotoxins. This simple manual 

cassava chipper/grater can be used close to the production site, to minimize transport costs.  

 

Although engine driven machines have advantages over manual machines in terms of processing 

speed and capacity, the strategy is focused on small capacity machines for the following reasons: 

1. In remote villages with limited number of producers and subsequent production capacity, 

the high purchasing expenses and large capacity of an engine powered machine is often 

not justified by the local root supply.  

2. To stay close to the current system where cassava is processed individually in a 

decentralized way at household level. The mobility of a manual machine supports that. 

 

8.ii.i. Field survey to identify fabricators and processing gap 

To facilitate and promote local fabrication of manual cassava chipper, 13 local fabricators were 

identified during missions in October, supported by IITA post-harvest technology experts in 

Ibadan, Nigeria (Table 8.16). The mission focused on two principal components: 1) 

determination of the types of cassava products and their quality and the persons directly involved 

in their production, and 2) evaluation of the methods (including equipment) used in cassava 

processing with the final aim of identifying constraints and opportunities for cassava processing. 

 

The mission was conducted in three regions out of the five antennas of PNDRT; South West & 

Littoral, South & Centre and West & North West regions by interviewing processors, marketers 

and fabricators of cassava processing equipment. A total of 12 processors and eight marketer 

groups with six fabricators contacted and interviewed at various processing/marketing scales. In 

this mission, both operational and non-operational processors/processing centres were identified 

and visited; the operational ones assessed on their operational activities, successes and 

challenges while the non-operational ones were interviewed on reasons behind their folding up, 

processing experiences and possibility of revitalization if opportune. Visits also made to the 

identified centres to assess processing facilities; key informant interviews and focused group 

discussions were conducted to collect information on their activities. Local equipment fabricators 

visited to understand practices, competencies and possibility of empowerment and promotion.  
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8.ii.ii. Training of fabricators 

Following the mission to plan for the production of cassava chippers, a training workshop 

entitled “Training Workshop for Cameroonians Machine fabricators” was held in Douala, 

Cameroon from 17
th

 to 21
st
 November, 2009.  Overall, the workshop was organized to strengthen 

the capacity of Cameroonian machine fabricators to enable them to produce the cassava chippers 

locally. The workshop had the following specific objectives: (1) Generally, to further reinforce 

the existing capacities of Cameroonian machine fabricators; (2) To remove any weakness 

fabricators may have so as to enable them build quality machines; (3) To discuss in details the 

machine design development processes; (4) To discuss and make understandable the design 

features of manual and motorized cassava chipping machines; (5) To coach participants and 

make them build from the scratch a manual and a motorized cassava chipping machines using 

locally bought materials.   

 

It was also an occasion to bring Cameroonian machine fabricators together, to know each other 

better, to network among themselves and to complement their efforts for the fabrication of one 

hundred units of cassava chipping machines. Twenty one participants from 10 machine 

fabrication enterprises from all the regions of Cameroon, the Ministry of Agriculture, the 

Ministry of Industry, from PNDRT and IITA. Participants were fabricators of machines with 

experience ranging from 10 to up to 24 years. 

 

8.ii.iii. Selection of participating villages for dissemination 

The production and consumption of chips is common in the Centre, East, West, Adamawa and 

Littoral regions of Cameroon where two types are distinguished. The fermented chips used to 

prepare fufu and the unfermented chips used to prepare flour that is mixed with corn. This ‘fufu 

mais’ is popular in the Foumban (Bamoum) area in the western region. In addition, local 

initiatives have been observed in substituting wheat for cassava and sweet potato flour. In the 

south-west and north-west regions, bread made of composite flour is sold under the name 

Kumba-bread. In some cities and in women empowerment centres of the ministry of women 

empowerment and the family (MINPROFF), wheat flour substitution for bakery products, snacks 

and other consumables from composite flour is being promoted.  
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To enhance the processing of cassava into storable products of better price/weight ratio, PNDRT 

and IITA identified and selected 35 pilot villages in the main production zones in Cameroon to 

set up improved processing facilities. One hundred chippers – 80 manual and 20 motorized – 

were distributed in 35 villages totalling about 1500 farmers in the 10 regions of Cameroon. Prior 

to the delivery of the chippers to the beneficiaries, group training was held by IITA and PNDRT 

for beneficiaries representing the various localities where the machines were to be distributed. 

The participants were trained on the use and maintenance of the chippers. The handing over of 

the machines was carried out in a ceremony held at PNDRT headquarters on 5 May 2010.  

 

8.ii.iv. Assessment of the use of cassava chipping machines  

This survey was conducted in February and March 2011 to assess the use of cassava chipping 

machines by beneficiaries in Centre, South, Littoral, South-West, West, East, Adamawa and 

North-West Regions. The overall objectives were to demonstrate if the initial expectations at the 

onset of the program where met. It was proposed that this technology will (1) improve the 

accessibility of mechanized processing machines, (2) increase commercialization, (3) increase 

income of cassava growers, and (4) enhance the cultivation of cassava in these areas to create an 

attractive scheme for the deployment and promotion of improved cassava varieties with low 

cyanide contents and culinary qualities. 

 

8.ii.v. Data collection 

The survey was carried out with a standardized questionnaire available in French and English to 

satisfy the linguistic needs of the various regions covered by the survey. In addition, a site 

specific questionnaire covered general questions regarding the CVCs (Comité Villageois de 

Concertation) and the local village settings.  

 

The survey questionnaire contained the following principal components: 

1) General information about the setting and CVC membership.  

2) Household related issues including an assessment of available labour force and the 

relative prosperity of the family.  

3) Production and farming including the collection of basic data about farms and the use and 

success of improved cassava varieties.  

4) The section about pests and diseases to give further hints about the influence of the most 
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common pests and diseases on the production of cassava. 

5) The processing of cassava, the use of chippers and the marketing options of farmers were 

evaluated.  

After preparing and testing the questionnaires by IITA and PNDRT, one-day training was 

organized for those to collect data (enumerators) and all the PNDRT regional heads of station, to 

let them understand and master the questions. The questionnaire was made up of two parts which 

included the individual farmer and site specific interview. Four enumerators were trained and 

assigned to two groups. Twenty eight villages grouped under five PNDRT antennas were visited 

(Table 8.1). In each region the team was received and lead by the PNDRT head of station for the 

region. All CVCs presidents were informed about the day and time of visit so that their member 

could be mobilized early. In each village, the site specific interview was administered as a group 

discussion and the discussion was recorded. After group discussions, the individual members of 

the CVC were shared among the enumerators for the farmer interview.  

 
It was planned to interview five CVC members and three none CVC members. They were 

selected at random for the farmer interview. A total of 8 members should have been interviewed 

in each village. In total this ratio of beneficiaries and non-beneficiaries was quite well kept 

throughout the study. The survey was conducted by two teams, the CVCs and number of 

respondents surveyed in each CVC is detailed in Table 8.2. In each CVC, 5 CVC members and 3 

additional non-CVC members growing cassava were interviewed individually. A general 

questionnaire was also administrated to all CVC members.  

 

8.ii.vi. Data analysis 

The data collected were analyzed using Statistical Package for Social Scientists (SPSS), 16th 

version (Carver & Nash, 2009). Combinations of analyses, descriptive statistics, cross 

tabulations and percentages were undertaken. It allowed studying household characteristics of 

cassava farmers in relation to their farming and cropping systems, evaluate the use of cassava 

chipping machines by the beneficiaries, and identify products farmers derive from cassava and 

how they are obtained and used. The evaluation of the use of planting material, chipping 

machines and ovens provided to the farmers concludes the level of adoption of the different 

technologies, their accessibility to users and the efficiency in satisfying the needs of the farmers. 
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It also allows to understand others cassava constraints encountered by cassava producers and to 

determine the way forward. 

 

 

8.iii. Results and Discussion 

 

8.iii.i. Field surveys  

Most of the processors interviewed were in groups/associations and cooperatives formed by 

different governmental and non-governmental organizations and are beneficiaries of one project 

or the other especially PNDRT. The processing in groups made the work easier for them and 

they could talk and advocate for improvement as a group while they could also enjoy benefits as 

a group. The processors produced both finished and intermediate products, which included starch, 

fufu, flour, chips, gari and other indigenous foods/snacks like Bobolo, Nkonda (Table 8.15 and 

Fig 8.1) at micro, small, medium and large scale.  

 

Bobolo/Baton, steamed fermented cassava paste, wrapped in leaves and tied with rope, usually 

eaten with fish or groundnut was reported mainly among the processor groups while other 

products were reported at individual and household levels. Cassava flour in Cameroon is 

produced from fermented cassava chips that are dried and milled into flour. Knowledge of other 

common products like gari, starch and fufu was fair to good. Processors were able to describe the 

products correctly although little variations reported as a result of practices and culture. Yellow 

color gari - red palm oil enriched - was also reportedly preferred by the consumers.  

 

Knowledge of high quality cassava flour was nil to low among the processors although they all 

expressed their willingness to learn and process it as long as there are markets for it while the 

marketers are also willing to sell if there are buyers on ground. Generally, the quality of cassava 

flour produced is low and according to them, inability to access needed equipment is the major 

cause of the poor product quality. Some of the processor groups actually requested for training 

on improved product quality standard and control. 

 

From the survey, awareness and access to some of the common cassava processing equipment 

such as cassava press, peeler and sieve was found low especially among the micro to small scale 

processors. From interview and on site, most of the processing was manually carried out, which 
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does not only slow down processing activities but also reduce productivity and discourage 

processors from being their best. Lack of drying facility was particularly reported among the 

groups. Access to equipment individually and as groups could be a way to improve productivity 

and quality of finished cassava products. Few of the processors reported being given some 

equipment by the government, donor agencies through NGOs; some of the equipment were 

found suitable for their activities, some not functioning maximally while others were not suitable 

and output unacceptable, in which case, they were either abandoned or used complimentarily 

with their own practices (Table 8.16).  

 

From all the processor groups interviewed, irrespective of products processed, the common 

problems highlighted include; no to inadequate and efficient processing equipment which limit 

productivity, poor transportation of raw material from field to processing centres, lack of 

processing/product quality control and standard, consistent product market outlets, reliance on 

only sun as a means of drying; lack of access to mechanical dryer, poor market linkage to 

encourage the processors and no proper coordination of the processor groups. According to the 

processors visited and interviewed, if all the problems can be addressed, cassava would be a cash 

crop in Cameroon. Cassava seems a priority crop in Cameroon while processing has potential for 

appreciable income generation, not only at household level but also at regional and national level.  

 

From the study, there are potentials in cassava industry as the industrial market seems an 

opportunity to enhance livelihood especially among women who are at the fore front of the 

enterprise. However, for any sustainable intervention, there is need for the establishment of 

cassava stakeholders’ forum where needs of cassava enterprise can be heard and addressed, 

expanded utilization of cassava; more products need to be developed for income generation and 

dietary diversification, provision of basic equipment and reduction of labour in processing. 

Market linkage needs strengthening among the stakeholders especially the processors while 

sensitization on cassava processing options could be a way to create awareness. 

 

8.iii.ii. Training of fabricators 

It was also evident that fabricators in Cameroon have good knowledge of equipment fabrication 

but need training on cassava machines as there were not many machines for cassava processing. 

The few that were observed were of poor quality and efficiency compared with those found in 
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Nigeria while processing of cassava is done by hand from peeling to packaging. From this survey, 

13 fabricators were selected for training (Fig 8.2) based on location, capacity to produce one or 

both types (manual and motorized) of chippers, and future potential for including production of 

the chippers in their private business. Two important modifications to the chippers were 

concluded as a result of the training:  1) how to produce holes on the chippers, and 2) the need to 

introduce a receptacle to collect and convey the chips into buckets rather than letting them drop 

on the floor or on the operator’s feet. The difficulty of making the chipping drum was also 

revealed and a person who can fabricate the drum in Cameroon was identified.  

 

 

8.iii.iii. Beneficiaries and non-beneficiaries perceptions of the chipping machine 

Among the 138 beneficiaries 68 had access to the manual machines only, while the same number 

could use motorized and mechanical machines. Only two respondents said they can only access 

the motorized machine. In one case it might be because of a broken manual chipping machine. 

The access to other processing machines before the onset of the programme was very low in the 

study villages. Only nine respondents had access to a machine, mostly a flour mill. 

 

The successful use of cassava chipping machines by beneficiaries is directly reflected by the 

perception of the machine and the related production technologies by the local users. Therefore, 

one of the main targets of the cassava chippers survey was to acquire more knowledge about how 

the cassava chipping machines were perceived by the local population, and how this perception 

could be used to create recommendations how to further improve the technology and the 

acceptance of the machines. 

 

It was acknowledged, that most CVCs use chipping machines at group level, individual use at 

farm gate is rather rare. The overall attitude towards the chipping machines is positive. 

Respondents highlight the ease of use and that chips can be produced much faster by using the 

chipping machine, compared to their traditional way of producing chips. There was no 

significant regional difference in this attitude towards the machine and no difference whether the 

beneficiary had access to manual and motorized machines or to the manual machine only. This is 

especially remarkable, because, the production of cassava chips is not common in the Littoral 

and the South regions.  
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The quality of the chips produced by the manual chipping machine was generally perceived as 

being good. The chips are fine/small enough to dry fast and of equal size. Nevertheless, some 

respondents considered the rather small size of the chips as a disadvantage for marketing, 

because local consumers are used to larger chips. In addition, the risk of crumbling is high which 

could reduce the value. The rating of the motorized machines is inconsistent. On one hand 

people highlight the production capacity of the machine, and that no manual labor is needed to 

operate them. On the other hand, chips produced by these machines are generally rated low as 

some users even conceive the chips as being of poor quality. The argument behind the low rating 

is the uneven and too large size of the chips. A few respondents had the opposite experience. 

Their motorized machines produced rather small chips (of uneven size). This experience might 

be related to a different design of the drum, which could not be verified during the survey. The 

size of the chips is a general point of discontent and most of the recommendations about 

necessary improvements of the chipping machines are related to the cutting drum. Here, a further 

testing and optimization or even a redesign of the drum might be advisable, especially for the 

motorized machines. Even so the machines were locally built and tested; machine maintenance 

was in some cases a problem even with the manually operated machines. 

 

As a consequence of the improved capacities for processing, a remarkable number of 

respondents added the wish, (the hope or the expectation) to be able to enlarge or intensify 

cassava production as was clearly linked to the use of improved cassava varieties for processing. 

Analysis of the data, as well as farmers statements, confirm that the rate/intensity of 

transformation of cassava is linked to the cultivation of improved varieties. Many of the CVC 

members are being trained on the best cassava agronomic techniques (planting patterns, length of 

cutting, planting orientation). Farmers clearly perceive these varieties to be less vulnerable to 

pests and diseases, but a further improvement and a better training on pests and diseases 

management was requested. 

 

Especially in Douala where chip production is not common the intensification of cassava 

production was linked to the demand for additional machinery for alternative products. The most 

common request was about a grinding machine to transform chips into flour or for machines to 
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aid the production of baton. In villages of the Center Region, where access to the large market of 

Yaounde is feasible, selling cassava flour seems to be an attractive marketing option.  

 

In a number of villages where the construction of drying facility (an oven) was not supported by 

PNDRT, farmers complained about the difficulty in drying chips and requested assistance in 

building ovens. Nevertheless, manual and motorized chipping machines are still underused. In 

some villages visited, the CVC did not use the machines at all. They were just tested and stored. 

This could partly be attributed to the fact that the members of the CVCs visited were not trained 

to the necessary level.  

 

A proper training should not only include a training manual of how to operate the chipping 

machines and how to produce chips but also an introduction about the benefits of cassava chips 

in general and the advantages in marketing dried cassava instead (or in addition to) other cassava 

products. This became obvious as farmers complain about difficulties in the marketing of chips 

which was caused by too few information about the buyers and users of cassava chips. The 

lacking information or use of machinery could be due to leadership problems as some groups are 

facing. This was obvious at some CVCs especially in the case of Bonabeke in Yabassi (Littoral, 

Douala antenna). In addition, it seems the survey was too soon to allow the farmers enough time 

to exploit the machine before they are evaluated. 

 

8.iii.iv. The household level 

Although cassava cultivation in general is considered as a women’s activity, the survey sample 

as a whole is gender balanced. In Adamaoua and the West, men dominated the survey while in 

the other regions parity or even a domination of female respondents could be seen (Table 8.3). 

All the CVCs had more female than male members. The scale ranges from only 52.6% female 

members in the West to 76.7% female members in Littoral with a mean of 70.3% of female 

membership in all regions. So men are over represented in the survey according to their 

membership in the relevant CVCs and more so if one considers the dominance of women in 

cassava cultivation. A majority of 62.1% of respondents where household heads and amongst 

this group 32.1% were female household heads (Table 8.4).  
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As expected the most frequent source of income was from farming. Other sources of income like 

salaries, pension and retirement payments, assistance from family members, or small scale 

business only played minor roles. The source of income distribution among the villages covered 

under different PNDRT-antennas was quite equal with the exception of small businesses that 

were more frequent in the Ebolowa, Douala, and Bamenda antennas. Here 43, 41 and 30% of all 

respondents respectively profited from small scale businesses, against only 12% and 17% in the 

Bertoua and Ngaoundere antennas respectively (Table 8.5). To assess the relative wealth of the 

respondents a number of objective criteria and a subjective rating of the data collector 

(enumerator) was used. The objective criteria to estimate wealth included an enquiry about the 

possession of valuable and prestigious goods like mobility aids, technical equipment and the 

structure of the houses. A comparison between the two rankings produced a quite good 

correlation.  

 

The detailed analysis according to status as beneficiary or non-beneficiary shows that the wealth 

situation of beneficiaries is better than that of the non-beneficiaries (Table 8.6). They are rated 

with higher percentages of medium, rich, and very rich ranking than the non-beneficiaries. The 

analysis also reveals that higher wealth is unevenly distributed among the regions/antennas. The 

highest wealth standard among beneficiaries could be found in Bamenda where 87.5% of the 

households belonged to the upper three categories. In addition, the gap between beneficiaries and 

non-beneficiaries is the lowest with 4.2% only under that antenna. Also the Douala and Ebolowa 

antennas show considerably more wealthy families with 84% and 84.6% of the households 

belonging to the upper three categories, than the average. As in all other regions the differences 

in wealth status between beneficiaries and non-beneficiaries is between 21 and 27 per cent of the 

regions respondents (Table 8.6). 

8.iii.v. Production 

The survey clearly showed that cassava is the most important agricultural product in the visited 

villages. Almost a hundred percent of all respondents in all regions cultivate cassava and ranked 

cassava as their most important agricultural product. Surprisingly, the gender of the respondent 

was independent of the preference of cassava cultivation and in the ranking of its importance 

(Tables 8.9 and 8.10). The second important product is maize, which is ranked second by women 

as well as men and cultivated by an average of 82% of all the respondents. Groundnuts as third 
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frequent product are underrated by the respondents. Female respondents placed it on position 4 

and males on 7, although it is the third frequently cultivated crop. Cocoyam and yam are the 

cultivars which follow on rank 4 and 5 in the frequency of cultivation. Yam is underrated in the 

given ranking, thus playing a minor role in the consciousness of the cultivators. Surprisingly 

cocoa is underrepresented in the list of crops compared with the importance in the ranking.  

An equal percentage of women and men mentioned cocoa among their cultures, although cocoa 

is declared as the typical/characteristic crop of men. The high ranking of cassava and maize may 

be due to their importance as staples. Certain conservatism can also be observed in the selection 

of cassava varieties, because local varieties are dominant in the production area and are ranked 

highest as a preference for cultivation (Table 8.7). This caution is understandable because most 

of the varieties marked as “improved” in the study, are only recently introduced into the area by 

IITA and its partners. An indicator that farmers experience with the “new” improved varieties, 

introduced by the PNDRT from 2004 to 2010, is still limited is the fact that some of these 

varieties are still in the community multiplication plots of some of the CVCs. On the other hand, 

many of the CVC members are being trained on the best cassava agronomic techniques like 

planting patterns, right length of cutting and optimum planting orientation, which they partly use 

for the cultivation of improved varieties.  

Beside the still limited experiences farmers had with the new varieties they are generally quite 

well accepted and rated as more productive and less prone to pests and diseases than the local 

varieties. Other major constraints to cassava include low soil fertility and lack of planting 

material, while the lack of available labor force and the long distance to markets was related to 

the processing of cassava. The importance of local varieties is significant in the realm 

consumption where a preference of 41.4% is given in favor of direct consumption. With the 

improved varieties (Table 8.8) the preference is clearly for processing (38.3%) and the sale of the 

fresh roots (34.8%). This relation corresponds to the information given in the qualitative 

interviews where improved varieties were clearly associated with transformation and in the case 

of this survey, with the chipping machines.  

In Lokoti, Hore Kouni, Nyambaka, Mbama (belonging to the Ngaoundere antenna of PNDRT) 

there were complaints that one introduced improved and highly productive variety  – 4115 – had 
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much water content when used for fufu, their main cassava utilization. This issue however has 

been resolved by several farmers by soaking the roots in water for three days then pressing them 

to release excess water before transforming them into fufu. 

8.iii.vi. Processing 

In the questionnaire section about “processing”, objective was on the transformation of cassava, 

because of the focus on cassava chipping machines. Transformation processes of other 

agricultural products were not considered. However, cassava as the most important culture takes 

a large part of the available labor force of women who are the main transformers of agricultural 

products in general. The production of cassava chips and flour and the use of chipping machines 

are still new to most of the visited groups. Many of the farmers are therefore more interested in 

their traditional cassava products. The preference for certain products varies according to region. 

With the exception of Bamenda and Ebolowa antennas, fufu is the most frequently produced 

product in all the antennas (Table 8.12). It is followed by baton in all antennas except 

Ngaoundere. This short analysis of local food and product preferences highlight the importance 

of local differences before starting development programs. This advice is also applicable to the 

introduction of the chipping machines to produce cassava chips.  

 

Among the beneficiaries (Table 8.13) and the non-beneficiaries (Table 8.14) of the project, the 

percentage of chip producers was as low as 53.6% for beneficiaries of the total respondents 

(n=210). The highest rate of chip producers is found among the beneficiaries in the Bamenda 

antenna (84.6%) the lowest in Douala antenna, were only 19.2% of beneficiaries are producing 

chips.  

 

In Douala antenna the access of beneficiaries (Table 8.11) to manual and motorizes chipping 

machines is lowest (61.5% manual, 15.4% motorized machines) which signals the low 

importance it is given to chips production in the area and the need to improve the performance of 

the local CVCs.  

 

On the other hand the comparison between chip production of beneficiaries and non-

beneficiaries show that the introduction of chipping machines can substantially enhance chip 

production. The largest gain with an increase of 67.9% was in the Ebolowa antenna, followed by 
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Douala, where the increase is on a very low level, because none of the non-beneficiaries is 

producing chips at all. 

 

8.iv. Conclusion 

 

High cost of processing machines hinders small-scale cassava processors from fully mechanizing 

cassava processing while farmers are often unable to process harvested roots and have to sell at a 

very low price to middlemen and retailers due to rapid deterioration of the roots. During the 

rainy season, sunshine and ambient temperatures are relatively low for processing cassava, 

particularly in forest area where cassava is mostly grown and utilized. In other localities, 

particularly in savanna zones, water which is essential for processing cassava is not easily 

available and in the dry season when the soil is hard, harvesting and peeling tubers for 

processing are difficult.  

Hence, to increase accessibility to processing equipment in a system where cassava is processed 

individually at household level, a manual cassava chipper made of local material was developed. 

This manual chipper was tested with farmers in several villages and has a capacity to process up 

to 260 kg cassava per hour, which is enough for several farming households to consume in two 

months. The piece of equipment is essentially a manually operated chipper/grater that can be 

used to obtain a stable, easy-to-carry product with considerably lower labour requirements.  

Assessment of the use of cassava chipping machines reviled that overall attitude towards the 

machine was positive in all regions, for their ease and faster production of chips than 

conventional methods, in spite of the relatively short period of adaptation after installation.  

Although the machines are primarily intended to produce chips/flours for commerce, regional 

preferences in terms of cassava varieties and products should be taken into account in the future 

programs, for adaptation rate of beneficiaries was low in areas where solar drying is not common 

and drying facilities are necessary.  Likewise, information about the buyers and users of cassava 

chips and knowledge of cassava transformation should be shared among the beneficiaries.  
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Table 8.1. Distribution of localities and respondents covered by the survey  
 

Regions 
PNDRT 

Antenna 

Total 

Respondents 

  Beneficiaries Non-Beneficiaries 

  %  

Far North, North, 

Adamawa Ngaoundere 49 
 

65.3 34.7 

East, Upper 

Sananga Division 
Bertoua 42 

 
64.3 35.7 

Littoral, Southwest Douala 40 
 

67.5 32.5 

South, Centre Ebolowa 39 
 

66.7 33.3 

Northwest, West Bamenda 40   65.0 35.0 

Total   210   65.7 34.3 

 

          Table 8.2. List of CVCs visited 

 

Team 1  CVC Number of 

respondent 

Team 2 CVC Number of 

respondent 

Total 

Interviews 

Ebolowa  Bityili 8 Bertoua Nkoteng/ 
Bilone 

8   

 Mintom 8   Mbama 8   
 Bambetel 1   Atock 8   
 Ngam Bilik 8   Andom 9   

 Essabah 1   Djenassoume 8   

 Minkoa 8 Ngaoundere Lokoti 8   

  Yambassa 8   Velambai 8   

Douala  Log Mai 8   Hore Kouni 8   

 Ndwei II 8   Nyambaka 
Hossere 

8   

 Bonabeke 8   Malarba I 8   

 Ikiliwindi 8   Rei Bouba 8   

  Bare 8 Bamenda Koutoupit 8   

Bamenda  Bamesso 8   Koupa 
Matapit 

8   

 Bamendjing 8   Village I 
Route du 
Noun 

8   

Total  14 98 Total 14 113 211 
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                                               Table 8.3. Respondents’ gender 

 

Region Total   Females Males 

      % 

Adamawa 40 

 

32.5 67.5 

Centre 26 

 

73.1 26.9 

East 33 

 

45.5 54.5 

Littoral 31 

 

51.6 48.4 

North 08 

 

62.5 37.5 

South 25 

 

72.0 28.0 

Southwest 08 

 

75.0 25.0 

West 39 

 

30.8 69.2 

All Regions 210   49.5 50.5 

 

 

 

                                   Table 8.4: Gender of household (HH) heads 

 

Gender and position of respondents 

14 Male Non HH-Head 

61 Female Non HH-Head 

Number 

 

% 

89 Male HH-Heads 67.9 

42 Female HH-Heads 32.1 

131 HH Heads  Respondents 62.1 of all respondents 

were HH Heads 

                          Of total number of Male interviewed, 14 are non HH-Head and 89 are HH 

                          Of total number of Female interviewed, 61 are non HH-Head and 42 are HH 
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Table 8.5: Source of income of respondents per regions (in %) 

 

Region   
Farm Salary 

Pension and 

Retirement 
Assistance 

Small 

Business 

Other 

income 

  % 

South   95.2 14.3 11.9 21.4 42.9 11.9 

Littoral 

 

94.9 07.7 10.3 02.6 41.0 05.1 

Northwest 

 

92.5 17.5 02.5 12.5 30.0 12.5 

East 

 

100 07.1 09.5 19.0 11.9 11.9 

Adamawa   97.9 6.3 10.4 16.7 16.7 14.6 

All 

Regions   96.2 10.4 9 14.7 28 11.4 

 

Table 8.6: Wealth status of beneficiaries and non-beneficiaries in the five regions covered 

by the survey 

Antenna 

Total 

Antenna 

N= 

No. 

data 
Beneficiary 

  
Very 

poor 
Poor Medium Rich 

Very 

rich 

  % 

Bamenda 

27 3 Yes 
 04.2 08.3 45.8 33.3 8.3 

 

13 

 

1 

 

No  00.0 16.7 58.3 16.7 8.3 

Bertoua 

 

27 

 

3 

 

Yes  04.2 50.0 37.5 08.3 0.0 

15 2 No 
 

07.7 69.2 23.1 00.0 0.0 

Douala 
26 1 Yes 

 
08.0 00.8 52.0 32.0 0.0 

13 
 

No 
 

00.0 38.5 38.5 23.1 0.0 

Ebolowa 
26 

 
Yes 

 
00.0 15.4 46.2 34.6 3.8 

14 
 

No 
 

14.3 28.6 50.0 07.1 0.0 

Ngaoundere 
32 1 Yes 

 
03.2 22.6 64.5 09.7 0.0 

17 
 

No 
 

11.8 35.3 29.4 17.6 5.9 

All 

Antennas  
210 11 

Yes   3.8 20.8 50 23.1 2.3 

No   7.2 37.7 39.1 13 2.9 

Differences in wealth status between beneficiaries and non-beneficiaries 
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Varieties Number of quotes 

  Score 

  % 

Local 141 

 

67.1 

Improved   69 

 

32.9 

Total 210   100 

 

Percentage of respondents cultivating improved and local cassava varieties 

 

 

 

Improved 
  Number of 

quotes 

  Score 

    % 

Boil and eat   84   26.8 

Processing 

 

120 

 
38.3 

Sale of roots   109   34.8 

Local 

    Boil and eat 

 

276 

 
41.4 

Processing 

 

175 

 
26.2 

Sale of roots   216   32.4 

Table 8.7: Cultivation of local and improved cassava varieties 

Table 8.8: Use of local and improved cassava  

 

 

 

varieties 

Multiple responses as one farmer can boil, process, and sell roots 

 

 

 

varieties 
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Table 8.9: Agricultural production and importance of products 

Gender Score Cocoa Coffee Palm Cassava Plantain 
Ground-

nut 
Maize Beans 

Coco-

yam 
Yam 

Sweet 

Potatoes 

Vege-

tables 
Fruits Potato Rice 

Women 

and Men 
% 24.2 14.2 14.7 99.1 61.1 66.8 82 26.5 63 42.7 20.9 25.6 8.1 6.6 3.3 

N=210 Ranking 9  12  11  1  5  3  2  7  4  6  10  8  13 15  15  

Women % 23.1 14.4 13.5 98.1 62.5 74 83.7 22.1 68.3 45.2 24 26 6.7 5.8 2.9 

N=104 Ranking 9  11  12  1  5  3  2  10  4  6  8  7  13 15  15  

Men % 25.5 14.2 16 100 60.4 60.4 80.2 31.1 58.5 39.6 17 25.5 9.4 7.5 3.8 

N=106 Ranking 8  12  11  1  3  3  2  7  5  6  10  8  13 15  15  

 

 

Table 8.10: Ranking of importance of main agricultural products  

Gender Score Cocoa Coffee Palm Cassava Plantain 
Ground-

nut 
Maize Beans 

Coco-

yam 
Yam 

Sweet 

Potatoes 

Women 

and Men 
% 7.7 1 0.5 54.5 4.3 3.8 16.7 0.5 5.3 0 5.7 

N=209 Ranking 3  8  9  1  6  7  2  9  5  11  4  

Women % 6.7 1 0 59.6 2.9 5.8 15.4 1 5.8 0 1.9 

N=104 Ranking 3  8  10  1  6  4  2  8  4  10  7  

Men % 8.6 1 1 49.5 5.7 1.9 18.1 0 4.8 0 9.5 

N=105 Ranking 4  8  8  1  5  7  2  10  6  10  3  
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Beneficiaries   

Manual 

machine 

Motorized 

machine 

  % 

All antennas 

 

79.0 36.2 

 Ebolowa 

 

82.1 28.6 

 Douala 

 

61.5 15.4 

 Bamenda 

 

76.9 61.5 

 Bertoua 

 

81.5 14.8 

 Ngaoundere   90.3 58.1 

 

Table 8.12. Processing of Cassava according to PNDRT antennas 

 

N=210 
  Chips Fufu Flour Gari Baton Starch 

  Number of respondents (%) 

 Ebolowa 

 

22(56.4) 34(87.2) 11(28.2) 12(30.8) 38(97.4) 10(25.6) 

 Douala 

 

5(12.5) 27(67.5) 5(12.5) 11(27.5) 24(60.0) 9(22.5) 

 Bamenda 

 

31(77.5) 30(75.0) 3(7.5) 25(62.5) 21(52.5) 3(07.5) 

 Bertoua 

 

18(42.9) 41(97.6) 6(14.3) 8(19.0) 37(88.1) 9(21.4) 

 Ngaoundere   26(53.1) 40(81.6) 15(30.6) 0(00.0) 16(32.7) 2(04.1) 

All antennas   102(48.6) 172(81.9) 40(19.0) 56(26.7) (136)64.8 33(15.7) 

Digits in bracket represent the percentages of respondents in Ebolowa (N=39), Douala (N=40), Bamenda (N=40),  
Bertoua (N=42) and Ngaoundere (N=49)  

 

Table 8.13. Processing of Cassava according to PNDRT antennas beneficiaries 

 

N=138 
  Chips Fufu Flour Gari Baton Starch 

  Number of respondents (%) 

 Ebolowa   21(80.8) 24(92.3) 10(38.5) 10(38.5) 25(96.2) 10(38.5) 

 Douala 

 

5(18.5) 20(74.1) 3(11.1) 8(29.6) 15(55.6) 9(33.3) 

 Bamenda 

 

22(84.6) 22(84.6) 2(07.7) 20(76.9) 18(69.2) 3(11.5) 

 Bertua 

 

13(48.1) 26(96.3) 3(11.1) 6(22.2) 23(85.2) 8(29.6) 

 Ngaoundere   13(40.6) 27(84.4) 8(25.0) 0(00.0) 10(31.3) 1(03.1) 

All antennas   74(53.6) 119(86.2) 26(18.8) 44(31.9) (91)65.9 31(22.5) 

Digits in bracket represent the percentages of respondents in Ebolowa (N=26), Douala (N=27), Bamenda (N=26),  
Bertoua (N=27) and Ngaoundere (N=32)  

Table 8.11: Access to chipping machines by beneficiaries 
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Table 8.15.  Local Cassava products and Utilization 
 

Product Recipe Utilization  

Boiled cassava Peel and wash fresh cassava roots and steam Eaten with groundnut sauce, stew or 

vegetable. This is very common in the 

forest zone where cassava is eaten fresh. 

In the Anglophone regions, it is 

commonly eaten with stew/palm oil, 

plums or pear. 

Gari Peel and wash fresh cassava roots Gari can be soaked instantly in cold water 

with or without sugar before eating or 

eaten with fried groundnut. It can also be 

cooked in hot water and eaten with stew, 

vegetable or groundnut sauce. 

Gari 

Fufu 

Grate the root into a mash Gari is very common among the 

Anglophones and it has high economic 

value, easy to store and transport. 

Dewater the mash by pressing inside a clean bag  

Break the pressed mash into fine granules  

Sieve  

Add palm oil and fry in a metallic tray or oven 

to dry (yellow gari) 

 

For white gari, fry without adding palm oil  

Package in airtight container   

Peel roots and wash Fufu is cassava flour cooked in hot water 

and eaten with groundnut or vegetable 

sauce. It is common in all the regions in 

Cameroon but predominate in Bertoua and 

N=72 
  Chips Fufu Flour Gari Baton Starch 

  Number of respondents (%) 

 Ebolowa 

 

1(07.7) 10(76.9) 1(07.7) 2(15.4) 13(100.0) 0(0.0) 

 Douala 

 

0(00.0) 7(53.8) 2(15.4) 3(23.1) 9(69.2) 0(0.0) 

 Bamenda 

 

9(64.3) 8(57.1) 1(07.7) 5(35.7) 3(21.4) 0(0.0) 

 Bertua 

 

5(33.3) 15(100.0) 3(21.4) 2(13.3) 14(93.3) 1(6.7) 

 Ngaoundere 

 

13(76.5) 13(76.5) 7(46.7) 0(00.0) 6(42.9) 1(5.9) 

All antennas   28(38.9) 53(73.6) 14(19.4) 12(16.7) 45(62.5) 2(2.8) 

Table 8.14: Processing of Cassava according to PNDRT antennas non-beneficiaries 
 

Digits in bracket represent the percentages of respondents in Ebolowa (N=13), Douala (N=13), Bamenda (N=14), 

Bertoua (N=15) and Ngaoundere (N=17) 

 



126 

 

Ngaoundere area. 

Fufu 

Baton (also 

known as 

Bobolo, 

Myondo and 

Chikwangue) 

Soak in water (2 – 3 days) Fufu is cassava flour cooked in hot water 

and eaten with groundnut or vegetable 

sauce. It is common in all the regions in 

Cameroon but predominate in Bertoua and 

Ngaoundere area. 

Product could be served with groundnut 

sauce, stew, groundnut and egusi pudding. 

This is very common in the forest zone 

where the leaf for wrapping is easily 

obtained. Baton is sold by the roadside 

with roasted fish and it has high economic 

value. 

Remove from water, break in pieces and dry 

Store in airtight container at room temperature 

Note: For white fufu product, drying should be 

completed in one day. 

Peel and wash fresh cassava roots 

Baton (also 

known as 

Bobolo, 

Myondo and 

Chikwangue) 

Cassava paste 

Soak in warm water for 3 – 4 days to ferment (to 

facilitate fermentation, place container near the 

fire or cover with pawpaw leaves) 

Product could be served with groundnut 

sauce, stew, groundnut and egusi pudding. 

This is very common in the forest zone 

where the leaf for wrapping is easily 

obtained. Baton is sold by the roadside 

with roasted fish and it has high economic 

value. 

Cassava paste is cooked in hot water and 

eaten with groundnut or vegetable sauce. 

It is common in all the regions in 

Cameroon but predominate among the 

Anglophones. 

Wash fermented product properly and put in a 

clean bag and press to dewater 

Sieve to remove lumps and fibers 

Grind to form a paste 

Wrap in leaf and boil 

Peel and wash fresh cassava roots 

Cassava paste 

Starch 

Soak in warm water for 3 – 4 days to ferment (to 

facilitate fermentation, place container near the 

fire or cover with pawpaw leaves) 

Cassava paste is cooked in hot water and 

eaten with groundnut or vegetable sauce. 

It is common in all the regions in 

Cameroon but predominate among the 

Anglophones. 

Starch is produced at a small-scale for 

commercial purpose and sold to clothe dry 

cleaners for hardening.  

Wash fermented product properly and put in a 

clean bag and press to dewater 

Sieve to remove lumps and fibers 

Grind to form a paste 

Peel and wash fresh cassava roots. 

Starch 

Flour 

Grate, or chip and grind smoothly. Starch is produced at a small-scale for 

commercial purpose and sold to clothe dry 

cleaners for hardening.  

Cassava flour is produced at a small-scale 

for commercial purpose and sold to 

bakeries for bread making. It is common 

in the Anglophone regions. 

Mix with a lot of clean water. 

Filter through a fine mesh sieve or through 

muslin cloth. 

Allow the filtrate to settle. 

Decant the supernatant. 

Wash off the starch residue several times with 

water to get white, odorless, and tasteless starch. 

Put in a clean bag and press to dewater. 

Spread thinly on a tray and sundry. 

Mill the dried cake finely and sift if necessary. 

Package in airtight containers. 

Peel roots and wash 
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Flour 

Mintumba 

Soak in water (2 – 3 days) Cassava flour is produced at a small-scale 

for commercial purpose and sold to 

bakeries for bread making. It is common 

in the Anglophone regions. 

Product could be eaten directly or served 

with tea, sugar and chocolate. It is sold 

along Douala-Yaounde highway, has high 

economic value and common with the 

Bassa people. 

Remove from water, break in pieces, dry and 

mill 

Peel and wash fresh cassava roots. 

Mintumba 

Beignets de 

manioc 

(macalah 

banana) 

Soak in warm water for 3 – 4 days to ferment (to 

facilitate fermentation, place container near the 

fire or cover with pawpaw leaves). 

Product could be eaten directly or served 

with tea, sugar and chocolate. It is sold 

along Douala-Yaounde highway, has high 

economic value and common with the 

Bassa people. 

Fried product could be served with pepper 

sauce or taken with pap or tea. 

Wash fermented product properly and put in a 

clean bag and press to dewater. 

Sieve to remove lumps and fibers. 

Grind to form a paste. 

Salt to taste. 

Add palm oil to preference. 

Wrap in leaf and boil. 

Peel and wash fresh cassava roots. 

Beignets de 

manioc 

(macalah 

banana) 

Ndas 

Grater the fresh roots. Fried product could be served with pepper 

sauce or taken with pap or tea. 

Product could be served with sauce and 

preferred by the old because it is very easy 

to chew contrary to baton de manioc and 

common in the south region. 

Sieve to eliminate fibre and stalk. 

Pound ripe banana or plantain and mix with 

sieved product. 

Add palm oil to give cream colour when fried. 

Note: The cassava / banana mixture should not 

be sticky when rolled for frying. 

Peel and wash whole cassava root. 

Ndas 

Fresh 

couscous 

(Water 

foufou) 

Soak in fresh water for 3 – 4 days. Product could be served with sauce and 

preferred by the old because it is very easy 

to chew contrary to baton de manioc and 

common in the south region. 

Product could be served with vegetable 

especially Eru or with sauce and common 

in the Anglophones regions. 

Remove whole root. 

Wrap and boil. 

Peel and wash fresh cassava roots. 

Fresh 

couscous 

(Water 

foufou) 

Konda 

Soak in warm water for 3 – 4 days to ferment (to 

facilitate fermentation, place container near the 

fire or cover with pawpaw leaves). 

Product could be served with vegetable 

especially Eru or with sauce and common 

in the Anglophones regions. 

Product is eaten directly. It is served in a 

gathering or eaten when at work and 

common in the south region. 

Wash fermented product properly and put in a 

clean bag and press to dewater. 

Sieve to remove lumps and fibers. 

Grind to form a paste. 

Put product in a clean bag, put on some weight 

on tied bag or compress to drain water. 
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Note: Product could be wrapped in polybags 

and store in freezer for several weeks. 

Peel and wash fresh cassava roots 

Konda 

Beignets 

suffle 

Grater cassava roots Product is eaten directly. It is served in a 

gathering or eaten when at work and 

common in the south region. 

Fried product could be served with pap or 

tea. 

Sieve product 

Mix product with groundnut paste 

Add salt, pepper, cray fish and palm oil 

Wrap in leaf and boil 

Allow to dry in a dryer or band 

Take 1Kg of cassava flour 

Beignets 

suffle 

Cossettes 

(Chips) 

Add 3 table spoon of butter (margarine) Fried product could be served with pap or 

tea. 

Chips is further processed into flour and 

fufu and has high economic value, easy to 

store and transport. 

Add 3 yolk of egg 

Add one sachet of baking powder 

Add fifteen cubes of sugar 

Mix with warm water to have a homogenous 

paste 

Fry with palm oil 

Peel and wash fresh roots. 

Cossettes 

(Chips) 

Medoume-

mbong 

Cut in small pieces. Chips is further processed into flour and 

fufu and has high economic value, easy to 

store and transport. 

Eaten after 72 hours with coconut. 

Soak for 24 hours. 

Remove and sundry or oven dry. 

Peel and wash fresh root. 

Medoume-

mbong 

Alcohol 

Cook slightly. Eaten after 72 hours with coconut. 

Local beer/spirit and common in the forest 

zone. 
Cut in small slices. 

Soak and wash after every 24 hours. 

Peel and wash fresh roots. 

Alcohol 

Mbom kwem 

Put in a drum or cemented chamber. Local beer/spirit and common in the forest 

zone. 

Eaten with boiled cassava and common in 

the south region 

Cover with nitrogen fixing leaves for 3 days 

(absence of water). 

Transfer to a second drum for 3 days in water. 

Add some sugar and do not seal drum tightly. 

Make an outlet on the upper surface of the drum. 

Steam and collect condensed vapor after 6 days. 

Distilled product may have up to 95
o
 alcohol. 

Harvest fresh cassava leaves. 

Mbom kwem 

Kwem sans sel 

Pound. Eaten with boiled cassava and common in 

the south region 

Product is served with boiled cassava or 

plantain and common in the forest zone.                                                              

Boil with salt. 

Dewater by pressing inside a clean bag. 

Boil palm nut and extract oil. 
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Mix leaf, palm oil, salt, magi, cray fish, 

groundnut paste, pepper, and bush spices to 

taste. 

Wrap and dry in oven. 

Harvest fresh cassava leaves. 

Kwem sans sel Pound to mash. Product is served with boiled cassava or 

plantain and common in the forest zone.                                                              Boil for 15 – 20 minutes. 

Boil palm nut to extract oil. 

Mix and boil. 

Add local spices and pepper to taste. 
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Table 8.16. Group and location visited with observation 

 

A.    Processing units 

Antenna Association Location Observation 

Bamenda Mbouda women group, 

Mbouda main and Bamenda 

food market 

Mbouda Operational with warehouse for Chips and 

Fufu to Gabon and Equatorial Guinea 

Bamendjin women 

association 

Bamendjin Operational with warehouse for Chips to 

Mbouda market 

Douala Bombe cooperative, Limbe 

and Muea main markets 

Bombe Operational with warehouse for Gari to 

Nigeria 

Pouma factory Pouma Non-operational, high capacity factory, 

lack raw material and rely on farmers, 

provide low price for cassava, poor 

organization, no incentives, high operation 

costs, centralized unit, ownership problem, 

low quality product, many products to 

handle and poor management. 

Food processing centre and 

Douala food market 

Yoke/Muyuka Non-operational, limited raw material, 

centralized unit, ownership problem and 

poor management. 

Ebolowa Catholic Mission processing 

unit and Yaounde food 

market 

Nkeng-likock Operational with warehouse for Baton to 

Prison and Schools, Fufu and Starch to 

Douala market. 

SOCAMAK Cooperative Ngoumou Non-operational due to closure of 

Mbalmayo Plywood company for chips and 

Ngoumou railway station for Baton. 

B.    Equipment fabricators 

Ebolowa Ets 

DAMAS & 

DANY 

                         Yaounde      University graduate with good technical      

     skills 

ESIFOM                          Yaounde      Primary and vocational training 

Douala GIFAMA                          Douala      Secondary and vocational training with 

     good technical skills 

SELUNG                          Douala      University graduate with good technical 

     skills 

Bamenda CEPAB                          Bafoussam      University graduate with good technical 

     skills 

WINCO                          Bamenda      Secondary and vocational training 
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Fig. 8.1. Common cassava products  

Fig. 8.2 Engineer T. Diallo with fabricators at the fabricators 

training workshop in Douala, Cameroon 
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  CHAPTER 9 

 

CASSAVA VALUE CHAIN DEVELOPMENT THROUGH 

PARTNERSHIP AND STAKEHOLDERS’ PLATFORM 

 

 

9.i. Introduction 

 

It has been established that where cassava farmers have access to markets, they tend to adopt 

productivity-enhancing technologies (Nweke, 2008). The challenge to improve cassava 

production and markets in Cameroon is huge and the resources to address it are scarce. This is 

the most important reason why cassava production needs to be organized in form of a network 

that brings together the important stakeholders in the different sectors of cassava production, 

processing and marketing to enable them identify and address major problems. Hence, in a 

partnership agreement with PNDRT, IITA adopted the approach in research-for-development 

that guarantees the coverage of production to consumption and considers all groups from 

farmers to consumers, including traders, transporters, processors, industrial users and export 

sector and developed a variety of cassava processing techniques to broaden the range of 

products derived from cassava.  

 

It was observed that the actors were operating independent of the other and necessitated a 

forum or stakeholders’ platform as mechanism for appropriate knowledge sharing for cassava 

producers, processors and marketers and in the development of infrastructural facilities. The 

partnership arrangement led to shared resources, facilities, materials and knowledge in 

collaboration with universities and national agricultural research and extension systems, 

international and national NGOs and farmer associations for the purpose of generating new 

technologies and fostering innovations. In addition, partners’ meeting enhanced profitable 

participation of smallholder farmers for information sharing and to organize them to work as 

legitimate groups that operate independently.  

 

The development of multi-stakeholders’ platform in Cameroon was the pathway for 

intervention in which actors were involved to better understand their roles in cassava 

production, processing and marketing. It enhanced linkages between agricultural technologies 
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and best practice development to market oriented agriculture and also created linkages with 

other national and regional initiatives and programs to improve communication and 

information exchange. This chapter describes and analyzes the whole process as a successive 

chain of action played by actors concerned, and substantiate what has been achieved so far 

and what needs to be done for the benefit of farmers.  

 

9.ii. Materials and Methods 

 

9.ii.i. Study area and sample frame   

In order to understand product flows of cassava and actors along its value chain in Cameroon, 

a study was conducted in three antennas (Ebolowa, Bertoua and Bamenda) of PNDRT with 

the aid of structured questionnaires. The sites were selected purposively because Ebolowa and 

Bertoua are areas of high cassava production and consumption while Bamenda antenna is the 

least in Cameroon. In addition, stakeholders in cassava research-for-development were invited 

to workshops for discussion on opportunities and challenges limiting cassava development. 

Identification of respondents and stakeholders was facilitated by agriculture officers and 

extension workers in the three antennas. Respondents were randomly selected; 120 

households to have the information related to production and consumption; 16 small-scale 

processors to have the information on processing; 64 traders to have the information on 

trading and 20 transporters to have the information on transportation of cassava. 

 

9.ii.ii. Data collection and analysis 

Interviews were conducted by administering a specific questionnaire to each category of 

respondents (producers/consumers, processors, traders and transporters). Household data were 

collected from both producers and consumers while at market level, both traders and 

transporters were interviewed. Data collected were entered and analyzed using Statistics 

Package for Social Scientist (SPSS), 16
th

 version (Carver & Nash, 2009). Combinations of 

analyses, descriptive statistics, cross tabulations and percentages were undertaken.  

 

9.ii.iii. Actors of the chain 

The production to marketing of cassava in the study area had only forward linkage with the 

main nodes being the production, transportation, processing, marketing and consumption. The 

forward linkage after farm production involves middlemen who buy and retail raw cassava in 

village and urban markets or to consumers for processing. Challenges include the lack of 

financial institutions, high interest rates, unreliable supply and transportation, transaction 
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costs, inappropriate processing equipment and competitiveness along the chain. To 

understand how cassava products move along the chain from production to consumption, it 

was necessary to identify the role played by each actor in the chain as they are mutually 

dependent.  

 

9.ii.iii.i. Producers 

This is the first link in the chain mostly located in rural areas with inadequate infrastructural 

development. Most of the cassava roots they harvest are sold at farm gate and at the village 

markets to small traders or retailers. In some cases, producers bring their produce directly to 

the market but are not permanent and are there mostly only during harvest period.  

 

9.ii.iii.ii.  Retailers 

They are usually located closer within their communities and play an important role in 

gathering cassava at collection points and delivering it to either wholesale or ultimate 

consumers in small quantities of a convenient form. They buy fresh roots and other cassava 

products such as cassava leaves including products (chips and flour) that are shelf-stable and 

then hire vehicles to transport to the village or urban markets and along road sides. Sources of 

capital are mainly from their own saving or friends. Moreover, they have limited information 

on production and marketing of cassava.  

 

9.ii.iii.iii.  Wholesalers  

The wholesalers concentrate the various loads of retailers into large units and supply the 

majority of cassava tubers to urban or regional markets. Such traders usually buy from several 

retailers and sometimes from the producers directly and hire vehicles to transport the roots to 

the urban centers. Wholesalers provide information to their suppliers and at time some money 

to ease transaction and build storage facilities.  

 

9.ii.iii.iv.  Transporters 

The first post-harvest task is transportation from the site of production and harvest to the site 

of processing and utilization. In the study, transporters gather together small quantities 

scattered in different locations in a single load to the market. Transportation from field to 

home is by way of trucks, motor bike and bicycle, but mostly by head-load or back-load. The 

perishability of the fresh cassava roots and high weight makes transportation of the tubers 

difficult and expensive. 
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9.ii.iii.v.  Processors 

They process cassava to reduce their moisture content to a point where all physiological 

reactions and microbial growth are inhibited and can tremendously increase the short shelf-

life of cassava roots. In the study area, it was observed that the removal of moisture from 

cassava roots is accomplished by sun drying with limited access to oven and dominated by 

women. Processors are generally found at the household level using various methods to 

process cassava roots into numerous products and utilized in various ways according to local 

customs and preferences.  

 

Manual and rudimentary equipment is common for chip processing and for household 

consumption while surplus is sold to retailers or other consumers, very often in small 

quantities.  

 

9.ii.iii.vi.  Consumers  

These are the final users of cassava products. These include household consumers who mainly 

buy fresh roots and leaves from farmers and retailers for their domestic consumption. In some 

cases, household consumers buy intermediate products such as chips and flour which is 

further processed and consumed at home. Another group of consumers are those who 

consume cassava and cassava products away from their homes. Since all producers consume 

cassava in the study area, they were interviewed as one entity. 

 

9.ii.iv. Stakeholders’ workshops  

To address the knowledge gap of actors in the value chain and to create awareness regarding 

the benefits of working together, stakeholders’ workshops were organized. It was initiated in 

2004, bringing together different stakeholders with interest in cassava value chain and 

engaging them in a process of dialogue and collective learning that improves decision-making, 

action and innovation. The core role was to improve coordination and collaboration along the 

value chain, resulting in more efficient and equitable linkages that benefit all the actors. 

Where assess to market are poor as is the case in rural areas, small and medium-sized 

producers, processors and traders depend on scanty information and business opportunities. 

They tend to have a narrow picture of their sector, which brings suspicion and mistrust among 

the various actors, contributing to overall stagnation of the entire sector.  

 

Five categories of stakeholders were identified as important in the value chain; research 

partners who are involved directly in the research for development process and include 
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universities and national research institutions; development partners who participate in 

technology evaluation and transfer and include international and national NGOs; farmer 

associations who participate in technology evaluation and use; policy makers who play an 

important role in influencing the direction of research programs/development and private 

sector who participate in the provision of inputs and uptake of products from farmers. The 

inclusion of the private sector is necessary for sustainability, market development, and 

competitive pricing and product provision. Thus, various partners play different roles in 

helping to link research to development for technology evaluation, promotion and 

dissemination.  

 

To achieve successful partnership among stakeholders, collaboration is formalized through 

appropriate agreements with memorandum of understanding (MoU) or letter of agreement 

(LoA) that clearly define responsibilities, expectations and ownership. Such collaboration is 

required for a specific level of product based on partner’s category, status, geographic 

location, years of experience, current activities and capacity (technical, financial, human and 

logistics). This collaborative scheme also requires periodical meetings for appropriate 

knowledge sharing for cassava producers, processors and marketers and in the development of 

infrastructural facilities.  

 

Stakeholders’ workshops were organized in IITA Nkolbisson, Yaoundé on 13 February 2004 

and on 22-23 March 2005; in PRTC Mfonta, Bamenda on 28-30 March 2006; in FFeRuDjaL, 

Sangmelima on 02-05 April 2007 and in CODASC, Bertoua on 22-24 April 2009. The 

specific objective was to initiate synergy among actors and link actors in the value chain. It 

was also an occasion for actors in the value chain to know each other better, to network 

among themselves and to complement their efforts. In addition to workshop objectives, 

progress and constraints of previous workshop was also review and explore new opportunities 

for improved technologies. 

 

9.ii.v. Gross Margin (GM) and the Net Farm Income (NFI) for cassava production 

The data for Gross Margin (GM) and the Net Farm Income (NFI) were generated directly 

from the study area with structured questionnaire on socio-economic characteristics of 

farmers and other information relating to inputs (labour, planting material, fertilizer) used in 

production and quantity produced. Data obtained was analyzed using inferential statistics for 

Gross Margin and Net Farm Income to determine net revenue. The Gross Margin (GM) which 
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is the difference between the Gross Farm Revenue (GFR) and the Total Variable Cost (XPxi) 

incurred is obtained as reported by Fakayode et al (2012). 

 

Where: 

GM = Gross Margin (FCFA/ha)  

Q y = Cassava root produced (bags/ha)  

Py = Unit price of cassava produced (FCFA/100kg bag)  

QyPy = Total farm revenue generated from cassava production (FCFA/ha)  

Xi = Quantity of the i
th

 variable input (chemicals etc) used in cassava production (kg/ha)  

Xii = Quantity of the i
th

 fixed input (land etc) (FCFA/ha)  

PXi = Price per kg of the i
th

 variable input (FCFA)  

PXii = Price of the i
th

 fixed input (FCFA)  

XiPXi = Total variable cost spent on the i
th

 variable input per hectare  

XiiPXii = Total fixed cost spent on the i
th

 fixed input  

∑ = Addition sign  

 

9.iii. Results and Discussion  

9.iii.i. Actors in the value chain 

The actors in cassava value chain in the study area had a forward linkage with the main nodes 

being the production, transportation, processing, marketing and consumption. The forward 

linkage after harvest involves retailers who are engaged in buying and marketing of fresh 

cassava and processed products to consumers. This structure is contrary to Sewando (2012) 

who found that cassava value chain is divided into backward and forward linkages; the 

backward link starting with farmers towards the input suppliers.  

 

Table 9.1 presents the proportion of actors considered in the study. A total of 120 

producers/consumers, 16 small-scale processors, 20 transporters and 64 traders were 

interviewed. Ebolowa antenna (45.83%) had relatively higher number of producers/consumers 

followed by Bertoua antenna (37.50%), and lastly Bamenda antenna (16.67%); probably 

indicating the trend of cassava importance within the antennas as reported by PNDRT (2005). 

Number of traders interviewed also varied in the order Ebolowa (39.06%), Bertoua (31.25%) 

and Bamenda (29.69%). As for transporters, the higher number was in Ebolowa (50.00%), 

followed by Bertoua (30.00%) and Bamenda (20.00%). Processors were in the order Ebolowa 

(50%), Bertoua (31.25%) and Bamenda (18.75%).  
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9.iii.ii. Socio-economic profile of producers 

Table 9.2 indicates the socio-economic profile of producers and result shows that the major 

factors affecting cassava enterprise development were age (60.84%) above 45 and educational 

status (76.67%) below primary, while women represent 65.83%. This agrees with Ibrahim and 

Sabo (2007) and Nwakor et al. (2008), that the level of youth involvement in agriculture has 

reduced due to schooling and part-time farming. Fig 9.1 indicates that 85% of capital for 

producers is from own resources, 6.67% from friends, 5.83% from associations and 2.5% 

from micro-finance scheme.  

 

9.iii.iii. Source of planting material 

Source of planting material indicates that 41.67% obtain planting material from own field, 

22.5% from neighbor, 18.33% from NGOs and associations, 12.5% from research institution 

and 5% from government extension service (Fig 9.2). This indicates that government 

extension services are weak in technology dissemination. Transportation of cassava roots 

from field to home in the study area (Fig 9.3) is by way of hand-pushed trucks (25%), motor 

bike and bicycle (15%), but mostly by head-load or back-load (60%) which agrees with the 

finding of Tshiunza et al. (1997) in a study which covered the six major African cassava 

producing countries (Cote d'Ivoire, D.R. Congo, Ghana, Nigeria and Tanzania) where 

transportation from field to home is by way of motor vehicle (15 percent), bicycles (9 percent), 

carts (6 percent), but mostly by head-load or back-load (70 percent) and women represent 81 

percent of people involved in cassava transportation.  

 
9.iii.iv. Cassava consumption 

Table 9.3 indicates that 32.50% of cassava is consumed fresh and 67.50% is processed and for 

the products, 51.67% is sold in village market, 23.33% to retailers, 13.33% at farm-gate and 

11.67% by the road side probably because cassava is bulky and has short shelf-life. Tshiunza 

et al. (1997) revealed that 85 % of the farm output is carried directly to farmers' homes, 10 

percent directly to market places and 5 percent to processing places. Table 9.4 indicates that 

men and women are involved in small-scale cassava processing but women (68.75%) 

dominate and mostly carry harvested cassava to the market (40%) while men's transportation 

is almost exclusively directed to the home (30%) for family consumption. Ugwu and Ay 

(1992) also indicated that women are responsible for virtually all cassava processing activities 

in Africa.  
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9.iii.v. Stakeholders’ workshop 

To address the knowledge gap of actors in the value chain and to create awareness regarding 

the benefits of working together, stakeholders’ workshop was organized and representatives 

of organizations were asked to identify and score the various constraints in cassava value 

chain, considering their likely effect on yield and income. This was repeated during two 

successive workshops, 2006/2007 and score are presented in percentage (Table 9.5). Traders 

attributed the cause of low quality products to poor and inadequate equipment that is 

manually carried out and according to processors, inability to access needed equipment is the 

major cause of the poor product quality including poor transportation of fresh cassava from 

field to processing units, lack of quality control and standard, reliance on sun as a means of 

drying, poor market linkage and no proper coordination of the processor groups. Producers 

indicated costs of production, pest and disease pressure, lack of processing equipment, 

transportation and transaction costs and limited access to market, credit and improved 

planting material as major challenges. However, Table 9.6 indicates that cassava production is 

profitable as revealed by net revenue of 465.080 FCFA per hectare. For products 

diversification and income generation, processors were trained on High Quality Cassava Flour 

(Abass, 2006) while producers learned to organize themselves and work as legitimate groups 

and operate independently.  

 

A case study in Mbouda (05°38′N; 10°15′E and 249 masl), Bamenda antenna before year 

2000, cassava marketing was on individual basis and was dominated by traders from Central 

Africa Republic (CAR), Gabon and Congo Brazzaville. Supply was insufficient and irregular 

while quality was poor coupled with irregular payment with varying price and high 

transportation costs. As partnership and linkages was encouraged among actors, in year 2005, 

Femme Dynamique Développement de Manioc (FEDDMA) was initiated in Mbouda by 10 

traders and collection points were set up in neighboring villages (Fig 9.4). Members 

contributed initial capital with monthly levy to cater for taxes, electricity and water bills, 

equipment repairs and casual labour. Cassava chips from retailers is sorted and milled in a 

whale-house for export to Libreville and Port Gentile in Gabon, Congo Brazzaville and small 

portion for domestic markets.  

 

Exchange visits were organized in Mbouda and FEDDMA participated in stakeholders’ 

workshop to share experiences. At the end of stakeholders meeting, synergies were 

successfully established among actors and technical services in the area, including research 
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institutions, extension and NGOs (international and local) and farmers were grouped to jointly 

produce and market their products. There were cluster of inputs suppliers (cuttings, fertilizer 

and machinery) and platform of producers, traders, transporters, machine fabricators and 

processors.  

 

Farmers were encouraged to work in co-operative and fix selling price to limit unfair 

competition between them. They make phone calls to find out the market price and then agree 

to set their minimum selling price. Before they organized themselves, they could sell at a loss 

because they did not know the prices charged by other producers and traders would often 

cheat them. Not every actor in the value chain is happy with this arrangement especially 

retailers who buy in bulk from farmers and sells to wholesalers who re-sell in the market. This 

is because negotiations have become difficult as most farmers have the same minimum selling 

price. Retailers may not be happy but farmers of co-operative are pleased that working in 

solidarity is bringing financial rewards as co-operatives are formed to pool members’ efforts 

and to help farmers save time and produce more at a lower cost. 

 

Reinforcement of stakeholders’ platform and involving a wide range of public- private- sector 

service providers along the entire cassava value chain as mechanism for appropriate 

knowledge sharing at the community, regional and national level will raise awareness for 

professionalization of actors on policies governing each sub-sector for profit oriented and 

sustainable cassava production. It will also enable actors to identify and address their real 

needs and constraints and prioritize for collective action.  

 

Today, there are registered producers organizations, processors and marketers union (PNDRT, 

2010) with diversified products for regional and international markets. A structure at the 

ministry of small and medium-size enterprises for monitoring, standardization and 

certification and periodically organizes cassava festival to sensitize stakeholders and actors.  

 

The future of cassava in Cameroon depends very much upon development of improved 

products to meet the expectations of producers, transporters and consumers and on its 

suitability for alternative uses. There is also need to build producers’ capacity on commercial 

farming designed to explore market opportunities, establish more cost-effective enterprises, 

enhance organizational, production, processing and consumption capacities holistically (Fig 

9.5) and tackle challenges simultaneously.  
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9.iv. Conclusion 

 

To address the knowledge gap of actors in cassava value chain and to create awareness 

regarding the benefits of working together, stakeholders’ workshops was initiated as actors 

were operating independent of the other. In addition, partners’ meeting enhanced participation 

of smallholder farmers for information sharing and to organize them to work as legitimate 

groups that operate independently while other actors better understood their roles in cassava 

production, processing and marketing for market oriented agriculture. 

 

 

 

 

 

 

 

 

 

 

Table 9.1: Sample size and percentage of respondents per antenna 

 
Antenna Producers/Consumers Traders Transporters Processors 

Ebolowa 55(45.83) 25(39.06) 10(50.00) 8(50.00) 

Bertoua 45(37.50) 20(31.25) 6(30.00) 5(31.25) 

Bamenda 20(16.67) 19(29.69) 4(20.00) 3(18.75) 

Total 120(100) 64(100) 20(100) 16(100) 

Figures in parenthesis represent the percentages of respondents 
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Table 9.2: Socio-economic profile of producers  

 

Profile 

Antenna   Total (%) 

Ebolowa Bertoua Bamenda 

Male 20(36.36) 15(33.33) 06(30) 34.17 

Female  35(63.64) 30(66.67) 14(70) 65.83 

Average age of the respondent 

<25 years 05(09.09) 04(08.89) 1(05.00) 08.33 

25-35 years 07(12.73) 07(15.56) 3(15.00) 14.17 

35-45 08(14.55) 09(20.00) 3(15.00) 16.66 

45-55 10(18.18) 10(22.22) 6(30.00) 21.67 

>55 25(45.45) 15(33.33) 7(35.00) 39.17 

Average years of formal education  

No formal 

education  

03(05.45) 8(17.78) 4(20.00) 12.50 

Primary  39(70.91) 30(66.66) 8(40.00) 64.17 

Secondary  12(21.82) 07(15.56) 6(30.00) 20.83 

Tertiary  01(01.82) 00(00.00) 2(10.00) 02.50 

Average years of farm experience  

<20 years 15(27.27) 13(28.89) 8(40.00) 30. 00 

20-35 years 26(47.27) 22(48.89) 4(20.00) 43.34 

35-50 09(16.36) 07(15.56) 6(30.00) 18.33 

>50 05(09.10) 03(06.66) 2(10.00) 08.33 

Figures in parenthesis represent the percentages 

 

 

 

 

 

Table 9.3: Form of products and Location of sale 

 

Antenna 

     Form of products                 Location of sale 
    

Fresh 

roots 
Processed 

 

Farm 

gate 

Village 

market 

Road 

side 
Retailers 

Ebolowa 20 35  9 28 6 12 

Bertoua 14 31  6 24 5 10 

Bamenda 05 15  1 10 3 06 

Total (%) 32.5 67.5   13.33 51.67 11.67 23.33 

Number of respondents who sell fresh cassava roots or processed and their location of sale either at farm-gate, in 

village market, by the road side or to retailers in year 2006. 
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Table 9.4: Male and Female proportion in processing and Root transportation and 

destination 

Antenna 

 
  

Root transportation and destination 

  

Small-scale processing 
 

Home 
  

Market   

Men Women 
 

Men Women   Men Women 

Ebolowa 3 5 
 

3 2 
 

1 4 

Bertoua 2 3 
 

2 1 
 

1 2 

Bamenda 0 3   1 1   0 2 

Total 

(%) 
31.25 68.75 

  
30 20   10 40 

 

Number of men and women respondents who process cassava at small-scale and fresh roots destination at 

harvest either to home or to the market. 
 

 

 

 

Table 9.5: Major constraints to cassava value chain in percentage of respondents in 

stakeholders’ workshop, 2006/2007 

 

Major constraints % response 

Costs of production (this is concerned with primary 

agriculture production and ends with the sale of fresh 

cassava at the farm gate). 

80 

Lack of processing equipment  74 

Identification of markets with reliable demand 67 

Access to improved planting material 65 

Pests and Diseases 63 

Transportation and transaction costs (unofficial 

payments incurred from farm to selling/market point) 

62 

Access to credit 52 

Taxes 42 
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Table 9.6: Gross Margin (GM) and the Net Farm Income (NFI) for cassava production 

in Ebolowa 

 

Items Unit Quantity/ha 
  Price/unit  Value    Value  

    FCFA   USD 

Revenue               

Produce Bag 75 

 

10,000 750,000 

 

1500 

Total Revenue Cost 

(TRC) 

    

750,000 

 

1500 

A. Variable cost 

       Labour Mandays 20 

 

4,000 80,000 

 

160 

Planting material Buddle 50 

 

285 14,250 

 

28.5 

Fertilizer Kg 105 

 

400 42,000 

 

84 

Chemicals L 3.5 

 

6,850 23,975 

 

47.95 

Bags 

    

7,720 

 

15.44 

Transportation 

    

6,585 

 

13.17 

Total Variable Cost 

(TVC) 

    

174,530 

 

349.06 

        B. Fixed cost 

       Land acquisition Ha 2 (seasons) 

 

28,570 57,140 

 

114.28 

Land rents Ha 2(seasons) 

 

14,285 28,570 

 

57.14 

Implement 

    

24,680 

 

49.36 

Total Fixed Cost (TFC) 

    

110,390 

 

220.78 

        Total Cost (TFC + 

TVC) 

    

284,920 

 

569.84 

Gross Margin (TRC - 

TVC) 

    

575,470 

 

1150.94 

Net Farm Income (GM 

- TFC)         465,080   930.16 
Acquisition of arable land is not full purchase/ownership with value indicated. An amount is paid to the land 

owner each planting season to gain access (acquisition) and to cultivate (rents) as reported by respondents.  
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Fig 9.1: Source of capital for producers 

 

 

 

 

Fig 9.2: Source of planting material for producers 
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Fig 9.3: Means of transportation of fresh cassava root 
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Fig 9.5: Holistic and comprehensive approach in Research for Development  
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CHAPTER 10 

GENERAL DISCUSSION AND CONCLUSIONS 

 

10.i. General discussion 

With rapid population increase, Cameroon agriculture face the challenge of producing 

enough food to meet increasing demand in conditions of changing climate and scarce natural 

resources thereby putting farmers under pressure to produce more crops, fulfill consumer 

preferences and make a living. According to a document jointly published in 2007 by the 

Ministry of Agriculture and Rural Development (MINADER), and that of Fishery, Livestock 

and Animal Husbandry (MINEPIA), food production did not follow the rapid demographic 

increase especially in the urban areas. According to these ministries, food security has to be 

assured by an increase in the production of food stuff and other crops which could substitute 

importations. To meet these needs, priority is given to cassava because cassava ranks first 

amongst root and tuber crops in terms of total production and consumption and it is a crop 

that has the potential to increase farm incomes, reduce rural and urban poverty but the 

potential of cassava is yet to be fully exploited because production is constrained by several 

factors including pest and diseases. 

Overcoming cassava diseases is a great concern and breeding for resistance remain 

potentially a reliable option. Thus in 2001, 290 cassava clones developed at IITA-Ibadan was 

introduced in Cameroon for adaptive research and for their agronomic performance and 

consumer acceptance in the full range of expected end-user environments and to understand 

the factors affecting its production and adoption. The cassava evaluation and dissemination 

scheme in Cameroon was composed of mutually inter-connected coordination activities of 

partners that included national organizations, such as PNDRT (The National Program for 

Roots and Tuber Development), IRAD (Institute of Agricultural Research for Development), 

local and international non-governmental organizations (NGOs), community based 

organizations (CBO) and farmers associations through on-station evaluation, on-farm 

participatory evaluation, farmers’ perception study, interactions with external environmental 

factors including associated activities and processing technologies to enhance cassava 

production. 
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Introduction was in collaboration with the plant health regulatory services of Nigeria and 

Cameroon and field established at the IITA research farm in Mbalmayo, Cameroon for on-

station evaluation using IITA cassava-breeding scheme. Clones were evaluated for 

agronomic, pests and disease resistance and sensory qualities through Observation Nursery 

(ON), Preliminary Yield Trials (PYT), Advanced Yield Trials (AYT) and Uniform Yield 

Trials (UYT). Observation nursery was established in 2001 as single tissue culture plant 

without replication while for 2002 to 2004 (PYT, AYT, UYT) trials, experimental layout 

were a randomized complete block design (RCBD) spaced 1m x 1m (10,000 plants ha
-1

). All 

the trials were planted in April/May of each year and Local manioc rouge (LMR) used as 

check except in observation nursery that Cam 62 was included. Regular field maintenance 

was done manually for each trial and harvesting was at twelve months after planting. The 

incidence and severity of Cassava Mosaic Virus Disease (CMD) was evaluated monthly on 

the central row of each plot for PYT, AYT and UYT in a scale of 1-5 where 1 is no symptom 

and 5 very severe symptoms.  

At harvest, data was collected for yield components which included, number of tubers and 

weight, number of marketable tubers and weight and tuber dry matter content. CropStat 7.2, 

developed by the International Rice Research Institute (Manila, Philippines) was used to 

analyze the data. Yield parameters were subjected to ANOVA (P ≤ 0.05) and two-way 

ANOVA (clone x year) was performed for five cropping seasons (2002 to 2006). If 

significant, the least significant difference (LSD) obtained from Tukey’s test was used to 

compare mean data including CMD and mealiness.  

 

Based on higher tuber yield, higher levels of resistance to CMD, mealiness and percent dry 

matter relative to the local cultivars/checks (LMR and Cam62), 28 varieties were selected 

from 2001, 18 varieties from 2002, 14 varieties from 2003 and finally 11 varieties (8085, 

88071-3, 8804472, 92/0057, 92/0326, 95/0109, 96/0023, BBulk P6, 96/1414, 96/1762 and 

M94/0121) from 2004 trials. In general, clone 95/0109 (28.42 t/ha) gives an overall better 

production but the variety was not selected for palatability preference compared to LMR. 

Prior to on-farm participatory evaluation, field visits were organized for farmers in 

Mbalmayo during the vegetative growth stage and at harvest that led to final selection of six 

varieties (8085, 88071-3, 92/0057, 92/0326, 96/0023 and 96/1414) for on-farm participatory 

evaluation because of their stability in high root yield and starch content, pests/disease 

resistance, socio-cultural value and consumer acceptability. 
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Clones in the 2006 trial were also cultivated since 2002. A 2-way ANOVA is performed to 

test an interaction year x clone occurred; considering the yield of each variety from 2002 to 

2006. The results show an interaction for TFW, CMD, and Mealiness; indicating that the 

clones behave differently for these characteristics through the years. The non-significance of 

the interaction for %DM indicates that the clones have an overall fix water content. All 

clones were cultivated in the same site (Mbalmayo), and thus soil characteristics are 

considered to be similar. Therefore, if clones have different response patterns through years, 

other factors different from soil characteristics could play a role in cassava growth and 

production. Such factors could be rainfall, quality of planting material (cuttings) used for 

planting, the period of planting etc. It shows that, in order to maximize improved varieties 

potential, it is important to follow good agronomic practices such as the quality of cuttings, 

regular weeding, and appropriate planting periods.  

 

On-farm trials were established in four locations (Kribi, Bafia, Sangmelima and  Yaounde) in 

2004 each having 4 sites and five locations (Batchenga, Ngoulemakong, Okola, Mbengwi 

and Bamenda) in 2005 each having 3 sites except Batchenga that had 2 sites. In total, thirty 

sites were established in 2004 and 2005 to ensure that varieties are tested under a range of 

environment and conditions and to increase the accuracy of variety means. Due to 

agroecological differences in Cameroon, regional trials were established in 2006 in Ebolowa, 

Bertoua, Kumba, Bamenda and Ngaoundere representing forest bimodal rainfall, 

Forest/Savannah transition, Forest Monomodal rainfall, Western Highlands and Guinea 

Savannah respectively. In each location, six improved cassava clones (8085, 88071-3, 

92/0057, 92/0326, 96/1414 and 96/0023) and one local cultivar (local manioc rouge (LMR)) 

with three best local were used.  

Potential partners (CASD in Ebolowa, CODASC/Chris Roi in Bertoua, CDSTS in Kumba, 

PRTC in Fonta Bamenda and University of Ngaoundere in Ngaoundere) with human and 

logistical capacity were identified to lead regional trials as well as production of planting 

material. They were also associated in the on-farm trial to assist with monitoring and 

evaluation. The support of local government and extension officials, farmer groups and local 

NGOs was obtained in a planning meeting before trial establishment. 

With the aid of rain gauge installed at certain location by the ministry of agriculture and rural 

development (MINADER), monthly rainfall data was recorded for regional trials. Harvesting 
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of cassava was done 12 months after planting (MAP) for all on-farm and regional trials 

except in Ngaoundere that was harvested at 18 MAP. Yield components at harvest included 

number of marketable tubers and weight, tuber dry matter content and mealiness. CropStat 

7.2, developed by the International Rice Research Institute (Manila, Philippines) was used to 

analyze the data while yield and sensory quality parameters were subjected to ANOVA (P ≤ 

0.05). A two-way ANOVA (clone x site) was performed and if significant, the least 

significant difference (LSD) obtained from Tukey’s test was used to compare mean data. 

Finally, correlation coefficients between tuber fresh weight (TFW) by variety vs. percent dry 

matter was calculated. The local varieties that were introduced by partners at various 

locations was not used for analysis because they were not the same in all locations but local 

manioc rouge (LMR) was used to compare the clones across the locations.  

Preference analysis (PA) was used to collect information about which varieties farmers prefer. 

The objective for using PA was to rapidly and simply assess the opinions of farmers 

regarding varieties per location.  This was done by allowing farmers to vote for their 

preferred varieties during field visit at vegetative growth stage and at harvest by depositing 

paper ballots in front of each plot. After votes are tallied, farmers were asked why they 

preferred the varieties (92/0326, 92/0057, 96/1414 and 96/0023) receiving the most votes and 

important information about traits farmers’ value (flowering, leafiness, branching habit, stem 

thickness, canopy cover and petiole colour) as well as their initial impressions of new 

varieties was revealed.  

Plant height: Variety 92/0057 is tall and drought tolerant; preferred in Bamenda and 

Ngaoundere for mixed cropping and because of long dry season in these areas. In these areas, 

intercropping is considered as one of the available options in agricultural production to 

maintain soil fertility and crop yields. It is also promoted to overcome risk of crop failure, 

reduce pest and disease incidence and controlling weeds.   

Leafiness and canopy cover: Varieties 92/0326 and 96/0023 are early branching with high 

canopy cover; preferred in Ebolowa and Bertoua were cassava leaves serve as vegetable 

while early branching suppresses weeds in mono-cropping.  

Stem thickness: Variety 92/0326 has thick stem; preferred in Ebolowa because of two 

planting seasons (March and September) in a year. Farmers harvest cassava in August, stock 

stems during land preparation and plant in September without the stem getting dry.    
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Petiole colour: Varieties 92/0326, 96/0023 and 96/1414 has red petiole colour; preferred in 

Ebolowa and Bertoua for vegetable sauce preparation because it require very little amount of 

palm oil for preparation compared with white petiole colour variety. 

Flowering: Variety M94/0121 flower early and more; preferred in Ngaoundere for bee 

keeping (apiculture) and for its root.  

Peel colour: Red peel colour is associated with sweetness and mealiness. However, none of 

the varieties introduced has red peel colour and this information is taken to breeders for the 

development of varieties with red peel colour, now on-station in Cameroon for evaluation. 

Root texture: Variety 96/1414 is fibrous; preferred in Bamenda for gari processing while 

varieties 92/0326, 92/0057 and 96/0023 has fine roots and preferred for fufu and baton.  

High yield, pests and disease tolerance/resistance, root storage quality and maturity age were 

not considered in the selection criteria as all introduced varieties were high yielding, tolerant 

to pests and diseases, early maturing with short root storage quality.   

Farmers tend to enjoy this process which can be described to them as an election and works 

well with illiterate farmers since they do not have to read or write to take part. Although the 

voting procedure in PA is easily conducted, focus-group discussion was organized to clarify 

the voting results. Each farmer received one bundle (50 cuttings of 1m) of cassava cuttings of 

two varieties to plant in their own farm with support of PNDRT regional antennas. Farmers’ 

farm were visited by PNDRT during planting to ensure that the trials are established and the 

varieties can be identified and later in the growth stage to ask farmers to rate the varieties 

relative to their own variety. Farmers’ reasons for selecting and growing the different cassava 

varieties are region specific and probably based on agro-ecologies, food habits, economic 

needs, use values, status and cultural identity. 

 

The 2-way ANOVA involving the 5 locations for regional trials and the 7 varieties that were 

cultivated in all the locations was performed. The results show non-significance of the 

location x clone interaction for TFW (P = 0.05), %DM (P = 0.498) and Meal (P = 0.990); 

indicating that the clones, taken individually, have similar yielding patterns within locations. 

For this reason, the 2-way ANOVA was considered for data interpretation. Site x clone 

interaction was also not significant for all on-farm trials except in Bafia but significant 
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difference was observed for %DM in the on-farm and regional trials. Bamenda and 

Ngaoundere sites, give significant higher percent dry matter of tubers compared to other sites. 

Kumba showed significant higher percent dry matter compared to Ebolowa which production 

was significantly higher than Bertoua that showed the lowest values. The clone effect shows 

that improved varieties 92/0326, 96/1414, 92/0057, 96/0023, and 88071-3 give significant 

higher fresh tuber yields, compared to the local LMR irrespective of the location, with a 

better performance of 92/0326. The improved variety 8085 did not show significant 

difference with the local LMR in terms of tuber fresh weight. Considering mealiness, the 

good point is that high yielding varieties such as 92/0326 and 96/0023 show good scores, 

important to facilitate their adoption.  

Tuber fresh weight did not vary according to precipitation as Bamenda having high 

precipitation recorded the lowest yield and there is no soil attributes that characterize the 

clone performances of the site except for C/N ratio of soil organic matter, showing the 

interactions between clone and sites are strong enough for each clone to give different 

response to local environmental conditions. Tan and Mak (1995), assessing the influence of 

genotype x environment on cassava performance reported that yield was not associated with 

soil type as mean value could be high or low in each location. Fermont et al. (1999), 

assessing cassava yield gap from smallholder farms in East Africa showed that early 

precipitation (1st quarter after planting) was strongly correlated to yield and of the 58% 

yield variabili ty, approximately one-third of the explained variability was associated with 

rainfall between the 9
th

 and 12
th

 month of the growth cycle, while variables pertaining to soil 

fertility, weed management and soil texture variables explained the remaining variability in 

approximately equal parts.  

In thinking about researchers’ role in technology transfer, scientists first have to identify with 

whom they collaborate in the process, that is, who are the potential users and who are the 

potential transfer agents. For the case of cassava, users may include the independent growers, 

producers’ organizations, consumers and even small industry. Within each of these categories, 

there are still other divisions such as richer and poorer farmers. These diverse users might 

have different priorities in terms of preferred cassava characteristics. The challenge is for 

researchers to anticipate user and transfer agent needs early enough to ensure both the 

relevance of a product and set it on its way toward broader diffusion. Given the three 

principle actors in technology development; researchers, users and transfer agents, the main 

issue is how links may be conceived so as to maximize research transfer efficiency. Often, 



153 
 

extension agents try to convince farmers of the utility of the research product through 

controlled plot demonstrations or perhaps community meetings. This model promotes a linear 

mode of product development and allows for little or no feedback and can only pass uniform 

fixed message. The model has proven inappropriate where technologies must be adapted to 

on-farm conditions to meet the demands of heterogeneous environments and where users 

must learn and adjust new management techniques. Manu-Aduening et al. (2014) in 

promoting farmer participation in Client-oriented Breeding in Ghana reported that farmers 

contribution in the breeding process enhanced their ownership which resulted in rapid 

adoption of new cultivars and that the active participation of farmers’ provided scientists an 

insight into their selection criteria and a better understanding of the factors that determine 

their adoption of new cultivars. Their involvement helped to retain potentially useful cultivars 

which otherwise would have been rejected and involving farmers in the breeding process 

shortened the long duration of the breeding cycle. 

Extension can be described as the process of assisting farmers to become aware of and adopt 

improved technology from any source to enhance production efficiency, income and welfare 

(World Bank, OED, 1994). In a broader context, it also involves general farmer education 

and organization. The rate of adoption of technology by a farming population will depend on 

the characteristics of the production circumstances of the individuals, the characteristics of 

the technology itself, the socio-cultural characteristics of the individual farmers, how rapidly 

the population is made aware of the technology and its application to local production 

systems. An extension service can have an important function in increasing the rate of 

adoption which enhances productivity and producer welfare by being directly involved in 

increasing awareness, in facilitating skill acquisition and in assisting in understanding of 

technology and its relevance to farmer circumstances. It also has an important role in feeding 

back information on farmer constraints, potentials and farmers experiences with new 

technology to the research system, as well as in working with farmers and researchers in 

developing and spreading indigenous solutions to problems. 

Despite the release of many cassava varieties in Cameroon, adoption rates by farmers remain 

low probably because breeders do not understand or consider farmers needs and in some 

situation they assume that improved productivity (yield) is enough to ensure the adoption of a 

new variety while farmers on their part often lack access to new varieties and information 

about its benefits. Ntumngia (2005) reported that the issue for non-adoption is not that of the 

introduction and promotion of high yielding cassava variety among farmers but that of a 
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neglect of their knowledge in selection and management of the cassava varieties. An 

approach to address this dilemma and the outstanding technical issues is being addressed as 

an initiative of the CGIAR, especially those pertaining to sustainable agriculture and those 

requiring greater collaboration between NARS, IARCs and other partners.  

 

During the late 90s, donor institutions, particularly the World Bank, funded extension 

projects all over Africa. A qualitative assessment of extension institutions and programmes 

by Spencer and Butare ( 1996) in four countries (Burkina Faso, Ghana, Madagascar and 

Tanzania) investigated the organizational structure of extension programmes, the extent to 

which farmers are involved in the process of technology transfer, the extent of association of 

the private sector (e.g. seed and fertilizer dealers) and the non-governmental organizations 

(NGOs) with the extension programmes, perceptions of farmer organizations and the NGOs 

of the extension service, the extent and the manner in which extension addresses complex 

issues such as, Integrated Pest Management (IPM), farm and soil management and includes 

relevant messages relating to issues such as animal health, fisheries and agroforestry. The 

study found that virtually all reforms of national extension systems undertaken in World 

Bank-funded projects, have included the creation of a unified extension system using the 

“Training and Visit” (T&V) approach. However, it is evident that a unified extension service 

cannot be developed to serve all purposes and conditions. For example private sector 

organizations and NGOs may need to adopt other extension systems that better meet their 

needs e.g. the Strategic Extension Campaign (SEC) which is more participatory and focused, 

or the Intervention Society Model (ISM) in which extension is involved with input supply, 

marketing and other functions. Even government run national extension systems are better 

able to serve the needs of the farmers if they have the flexibility to move into areas such as 

input supply where such intervention is critical. Messages flow effectively from the extension 

system to farmers but not in the opposite direction. A more participatory approach needs to 

be formally incorporated into the T&V system. In many countries national extension systems 

using the T&V approach are not effectively handling complex farming systems issues such as 

IPM and intercropping. This is partly due to the unavailability of appropriate technologies for 

such systems for research institutions, but is also clearly due to the nature of the T&V 

approach which requires extension messages to be broken down into simple components, a 

task that may be difficult for the Subject Matter Specialists. 
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Based on this residual knowledge to increase adoption rates in Cameroon, farmers were 

trained on the importance of good quality planting material and agricultural practices that 

would help to create a better awareness and appreciation of the introduced varieties. 

Feedback from farmers converged on the usually good performance of improved varieties 

(high yield, earliness, disease resistance) and in collaboration with PNDRT with financial 

support from IFAD varieties 92/0326 and 96/1414 was mass propagated and distributed in 

221 villages to establish 200 ha of cassava. Within the same period, these varieties were 

being propagated by the crop improvement unit at IITA through a three-tier multiplication 

scheme (primary, secondary and tertiary) to ensure equitable, fast and sustainable distribution 

of improved planting materials. Initial stocks of planting materials from IITA Cameroon are 

multiplied by hubs centres to constitute what is referred to as a Primary Multiplication Sites 

(PMS). From the PMS, planting material is sent to satellites to establish Secondary 

Multiplication Sites (SMS) and to the farmers’ associations to establish the Tertiary 

Multiplication Sites (TMS). From tertiary multiplication sites, planting material is distributed 

to individual farmers. This scheme rapidly changed the status of cassava from subsistence to 

a commercial commodity through the sale of quality planting material of improved varieties 

and provoked the need for processing facilities to cater for excess production coupled with 

the perishable nature of fresh cassava roots. Once production exceeds the fresh consumption 

demand, farmers will need to have options to process excess cassava or be able to sell excess 

cassava to larger scale processors. 

 

To increase accessibility to processing equipment in a system where cassava is processed 

individually at household level and to enhance the processing of cassava into storable 

products of better price/weight ratio, PNDRT and IITA identified and selected 35 pilot 

villages in the main production zones in Cameroon to set up improved processing facilities. 

One hundred chippers (80 manual and 20 motorized) were distributed in 35 villages totaling 

about 1500 farmers in the 10 regions of Cameroon. Prior to the delivery of the chippers to the 

beneficiaries, group training was held for beneficiaries representing the various localities 

where the machines were to be distributed. The participants were trained on the use and 

maintenance of the chippers. This manual chipper was tested with farmers in several villages 

and has a capacity to process up to 260 kg cassava per hour, which is enough for several 

farming households to consume in two months. The piece of equipment is essentially a 

manually operated chipper/grater that can be used to obtain a stable, easy-to-carry product 

with considerably lower labour requirements. The technology is useful in isolated areas with 



156 
 

difficulties to access markets, no electricity and absence alternative processing facilities. 

Davies et al (2008) in a survey of cassava processing machinery in Oyo State in Nigeria 

reported that in all the processing centres visited cottage industry (65%) was owned by 

individual while small-scale industry was 35% and owned by cooperative and non-

governmental bodies and that some machines were equally abandoned based on lack of good 

technicians (repairers), and non-availability of spare parts including lack of technical 

knowhow and training on the part of machine operators. Adekanye et al. (2013) in assessment 

of cassava processing plants in Irepodun Local Government Areas, Kwara State, Nigeria also 

reported that high cost of processing machines is a major setback for cassava processors as 

this hindered them from fully mechanizing cassava processing and that the costs of 

mechanical peeler and fryer were beyond the small scale cassava processors.  

Despite multiple initiatives, the full development of the cassava sector in Cameroon faced 

several challenges, such as poor organization and planning, limited access to credit and the 

market, and high transportation and transaction costs. Addressing these shortcomings, the 

value chain approach was instituted that guarantees the coverage of production to 

consumption and considers all groups from farmers to consumers, including traders, 

transporters and processors and variety of cassava processing techniques developed to 

broaden the range of products derived from cassava. To ensure that the different components 

of the cassava sector are able to meet the challenges of sustainability, stakeholders’ platform 

was initiated as a mechanism for appropriate knowledge sharing as smallholder farmers learn 

to organize themselves and work as legitimate groups and operate independently. For 

instance, the goal of the Ecoregional Programme for the Humid and Subhumid Tropics of 

Sub-Saharan Africa (EPHTA) is to assist small-and medium-scale farmers to improve their 

well-being and alleviate poverty, through the use of sustainable production technologies and 

post-harvest systems that increase productivity and food security and minimize natural 

resource degradation, by formalizing and strengthening close collaboration between the 

NARS, IARCs, international and regional research and development organizations and 

relevant stakeholders (farmers, NGOs, the private sector). African NARS have become 

increasingly aware of the commonality of the problems they face in planning agricultural 

research and development and mobilizing resources for implementation. To this end, they 

have set up regional bodies which have obtained international recognition like ASARECA 

and CORAF/WECARD which need to be strengthened and supported similar to FARA and 
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the CGIAR reformed CRPs where Humidtropics program operate through R4D and 

Innovation Platforms (IPs). 

This study clearly shows that cassava is the most important agricultural product in the 

surveyed villages and almost a hundred percent of all respondents in all regions in Cameroon 

cultivate cassava and ranked cassava as their most important agricultural product. 

Surprisingly the gender of the respondent was independent of the preference of cassava 

cultivation and in the ranking of its importance. Cassava production and productivity would 

increase significantly if improved varieties are widely used under good soil management but 

this study indicate that local varieties still dominant and are ranked highest as a preference for 

cultivation, an indicator that farmers experience with the “new” improved varieties, 

introduced by the PNDRT from 2004 to 2010, is still limited. Beside the still limited 

experiences farmers have with the new varieties they are generally quite well accepted and 

rated as more productive and less prone to pests and diseases than the local varieties. The 

importance of local varieties is significant in the realm consumption where a preference of 

41.4% is given in favor of direct consumption while the improved varieties is preferred for 

processing (38.3%) and the sale of the fresh roots (34.8%).  

To increase adoption rates of improved cassava varieties, appropriate training including 

communication tools and approaches adapted for farmers is very essential.  This study 

embarked on training for many of the CVC members on the best cassava agronomic practices 

like planting patterns, right length of cutting and optimum planting orientation which they 

partly use for the cultivation of improved varieties. Training workshop to strengthen the 

capacity of machine fabricators was also organized to enable them produce cassava chippers 

locally. It was also an occasion to bring Cameroonian machine fabricators together, to know 

each other better, to network among themselves and to complement their efforts. Technical 

guide for extension agents and farmers was developed and disseminated. 

After large-scale adoption and cultivation of improved cassava varieties, the government of 

Cameroon on 11
th

 September 2012 released five of these varieties (92/0326, 96/1414, 

96/0023, 92/0057) and variety (92/0067) for its suitability for controlling CGM. The released 

varieties were baptized as Abui-Pkwem for 92/0326, Nko’h Menzui for 96/1414, Abeng-

Lengon for 96/0023, Ayeng ye-sahti for 92/0057 and Mbong Wa Tobo for 92/0067. The 

varieties will help improve yield and market opportunities and the fortunes of farmers who 

depend on cassava for their livelihoods.  
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10.ii. Conclusions 

1) In cassava evaluation and dissemination, farmers/stakeholders involvement in each process 

is primarily important, as well as pure agronomic research. Farmer participation improved the 

selection of suitable varieties for complex environments because farmers were given the 

opportunity to screen new varieties based on their needs and conditions in contrasting 

environment.  

2) For cassava breeding programs to increase impact, the reasons for non-adoption should be 

explored. Many cassava cultivars are released by national programs, but relatively few are 

adopted by farmers. Farmers’ reasons for growing different cassava varieties are region 

specific and probably based on agro-ecologies, food habits, economic needs, use values, 

status and cultural identity and should be considered so as to develop and disseminate cassava 

varieties that respond to regional needs. 

 

3) Farmers are unlikely to adopt cassava varieties that are not clearly and visibly superior to 

their cultivars and should meet their needs and preference. The process of giving small 

number of cassava varieties to farmers to try on their own without trying to collect data are 

likely to be more effective in variety dissemination, adoption and inclusion of farmers own 

innovation and local knowledge. 

4) Due to the smallholder nature of farming systems and the low density of producers in more 

inaccessible areas and without electricity, investment in permanent, motorized cassava 

processing equipment is often not economically justified by the production capacity in these 

areas and high cost of processing machines is a major setback for cassava processors. Better 

processing methods can improve the life-styles and health of rural people through higher 

processing efficiency and labor saving, all of which improve the quality of products. 

5) Development of stakeholders’ platform is the pathway for intervention in which actors 

better understand their roles in cassava value chain development by linking agricultural 

technologies and best practice development to market demand and as a mechanism for 

appropriate knowledge sharing as smallholder farmers learn to organize themselves and 

operate independently. 

6) Study of adoption and impact of improved cassava is essential. The analysis of the value 

chain and the determination of price and income elasticity of supply and demand for various 

products will guide where and how excess cassava can be processed into profitable products. 
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7) Soil organic carbon and nitrogen ratio (C/N ratio) are the most important soil parameters 

that characterize the growth of cassava crossing over agro-ecological zones of Cameroon.  

This might be due to the fact that Soil C/N ratio represents the turn-over rate of soil organic 

matter under specific environmental conditions and high C/N ratio can provide more 

available nitrogen to cassava. 

8) It is of paramount importance to equip and enhance the capacity of IRAD for continuous 

breeding of varieties that will meet farmers need and the changing climatic condition.  

9) Introduction of improved varieties together with associated technologies for post-harvest 

processing and marketing will facilitate adoption of new technology coupled with capacity 

development of actors in the value chain. 

However, the future of cassava in Cameroon depends very much upon development of 

improved processing technologies and of improved products that can meet the changing 

needs of urban people and on its suitability for alternative uses such as animal feeds. 

Improving the competiveness of cassava will help alleviate poverty, considering that over 

80% of the population depends on agriculture as a source of livelihood. Therefore, cassava 

production, processing and utilization technologies for the future should improve traditional 

methods and develop low cost equipment with low energy demands while knowledge of the 

current traditional processing and utilization methods and changing urban needs will guide 

future strategies. There is no need spending resources on improving production on the farm if 

the transportation of the product is expensive or the processing and marketing are inefficient. 

Hence, there is a need to create the enabling environment, such as good roads and credit 

availability to link farmers to both the input and output markets, as a way of improving their 

income-generating capacity and consequently alleviating their poverty. 
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