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Introduction: 

Vegetatively propagated crops (VPC‘s) are a fundamental component of farming 

systems in sub-Saharan Africa.  These crops include the root crops, cassava and sweet 

potato, both of South American origin, the tuber crops, yam and potato, and the Musa 

types, plantain and East African Highland bananas (EAHB), each representing a 

secondary center of domestication, after an early introduction from Southeast Asia.  

Only the dominant yam species are indigenous to the continent.  Except for the 

Sahelian region, VPC‘s are grown throughout the continent across a broad range of 

agroecological conditions, and they provide a source of stability in terms of production 

of carbohydrates in the farming systems, having a broader harvest period than the 

principal cereal crops. VPC‘s are a dominant strategic element to food security 

objectives at household, community and national level, and have helped many African 

countries avoid the effects of the recent spike in world cereal prices.  In addition to food 

security objectives, sustainable intensification of these crops has become an important 

policy objective because of the role plantain and cassava play in slash and burn 

systems in the humid forest—and therefore the ability to participate in REDD+--, the role 

of EAHB in sustainable land management in the sloping topography of East Africa, and 

the role of cassava and sweet potato in stabilizing starchy staple supplies in the semi-

arid areas of East and Southern Africa.  

Increasing productivity in VPC‘s has been a particular challenge in sub-Saharan Africa.  

These crops are grown across a range of agroclimatic conditions with virtually no 

purchased inputs and soil fertility and pests and diseases are principal limiting 

constraints on yields.  These represent classical orphan crops and there has been much 

less investment in breeding in these crops than in the principal cereal crops, maize and 

rice.  Moreover, the breeding for these crops has in general tended to focus principally 

on resistance to principal diseases, especially in cassava and Musa.  This focus has 

been reinforced by a series of pandemics in several of the VPC‘s in the last several 

decades.  The latter has produced a range of projects organized around the 

multiplication and distribution of resistant varieties.  Also, because of the food security 

characteristics of VPC‘s, the delivery of planting material has been an initial activity in 

rural areas recovering from civil disorder.  The formal ―seed‖ system has been found to 

be a particularly weak and challenging link in programs designed to improve the 

productivity of cropping systems for VPC‘s where improved varieties are an important 

component of these programs.  This paper will explore the current status of ―seed‖ 

systems for these crops in sub-Saharan Africa with a view toward designing and 

investing in the development of seed systems for these crops. 

Seed systems have been defined as ―an interrelated set of components including 

breeding, (quality) management, replacement and distribution of seed‖ (Thiele, 1999).  

Seed systems, particularly in sub-Saharan Africa can be broken down into three key 



components, namely the informal seed system where seed is produced for farmers by 

farmers and the formal seed system with close linkage to breeding programs and with 

particular functions being supplied by the private and other functions being met by the 

public sector.  This distinction between the informal and formal seed system, and within 

the formal between the public and private sectors, will be maintained throughout this 

paper.   

Seed for VPC‘s is the vegetative propagule and is an essential component in crop 

production and has been a principal means of delivering advances in biological 

research to farmers through formal seed channels.  In general formal seed systems 

tend to be designed around the particular characteristics of cereal grains, and have 

been especially reinforced with the development of hybrids.  Seed systems for VPC‘s 

have quite distinct characteristics different from those of cereal grains.  Particular 

differences that will be important in this analysis are presented for different stages in the 

plant breeding and seed system in Table 1.  The low multiplication rates, the clonal 

propagation, and the bulkiness of the ―seed‖ all present very different design 

requirements for breeding and seed systems for VPC‘s and will have implications for the 

relative size of the formal and the informal systems and the potential for private sector 

entry into the formal seed system. 

An analysis of investment options for developing seed systems for VPC‘s will be 

structured around three principal themes or sets of issues.  Firstly, the seed system for 

VPC‘s should be seen as an integration of the formal and informal components of the 

overall system, with the informal system continuing to produce the bulk of planting 

material for VPC‘s and with a question of how large the formal system needs to be and 

how it is best integrated with the informal system.  Secondly, the breeding and formal 

seed system should be functionally integrated, including potential for disseminating 

superior landraces.  Production of certified seed of specified purity in cereal grains 

effectively separates the breeding and formal seed system into distinct functions 

provided by different organizational actors with oversight provided by an independent 

seed certification inspectorate.  These divisions are less clear cut for VPC‘s, in large 

part because seed multiplication and dissemination rapidly devolves to the informal 

sector and formal organizational actors find it difficult to operate within such a dispersed 

―seed‖ system.  Thirdly, the potential role of the private sector in the formal seed sector 

will depend essentially on the farmers‘ willingness to pay for seed in comparison to the 

costs of production and distribution of VPC ―seed‖.  Since all formal breeding for 

VPC‘s—recognizing that varieties are also produced in the informal sector-- will be done 

by the public sector, the objective will be to assess where in the seed supply chain there 

are sufficient net margins for private sector entry. 

 



Role of VPC’s in African Food Economies 

Vegetatively propagated crops encompass a relatively diverse range of commodities 

that serve quite different functions within African food economies (Table 2).  They 

provide in many ways the basis of the crop diversification found in African, rainfed 

farming systems, particularly as compared to the cereal grain economies of Asia.  In the 

forest zone ecologies of coastal West Africa and the Congo Basin VPC‘s dominate in 

the farming systems and local food economies.  Cassava dominates but it is 

supplemented by various yam species, plantain, and sweet potato.  Farming systems in 

the Great Lakes region of East and Central Africa are also dominated by VPC‘s, where 

East African highland bananas are a major staple in the wetter areas, supplemented by 

sweet potato, and cassava is a principal staple in the drier areas.  At higher altitudes 

potato is a major cash crop.  Cassava is the principal staple in northern Mozambique, 

northern Zambia, central Tanzania and the lake zone of Malawi, supplemented by 

sweet potato and cooking banana.  Elsewhere in sub-Saharan Africa, except where 

there is unmanaged grazing by ruminants, VPC‘s serve as secondary staples within 

cereal based systems and provide continuity of calorie supply, leaves as vegetables, 

and resilience in the farming system. 

Table 1: Essential Differences in the Breeding and Seed System for Cereal Grain and 

VPC’s 

Stages Cereal Grains VPC’s 

Breeding -Process of selection and segregation 

until ‗pure‘ over a series of seed 

generations 

-Early GxE evaluation 

-Process of a single cross followed by 

attrition of clones 

 

-Late GxE evaluation 

Valuation Distinctness Uniformity and Stability 

(DUS) and Value for Cultivation and 

Use (VCU) 

‗Improved‘ 

Foundation Seed -Quick bulking 

-Limited land requirement 

-Slow bulking, -Large land requirement 

Seed Certification -Genetic purity 

-Viruses not a problem 

-Clonal crop 

-Viruses a major problem supported by 

lab testig; also potential problems with 

insect, nematode, fungal, and bacterial  

infestations 

Agrodealer/Nursery Seed retail network Informal multiplication and distribution 



Table 2:  Role of Vegetatively Propagated Crops in the Food Economies of Sub-Saharan 

Africa 

 

VPC Primary Rural 

Staple 

Secondary 

Rural Staple 

Urban Staple Preferred Urban 

Food 

Cassava Congo Basin, 

W.A. Forest & 

Savanna, 

Southern Africa 

East Africa Coastal West 

Africa 

 

Yams West Africa 

Guinea Savanna 

East and 

Southern Africa 

(tertiary staple) 

 Coastal West 

Africa 

Sweet Potato  All SSA except 

Sahel 

  

Potato    East Africa 

Plantain  West Africa 

Humid Forest 

 Coastal West 

Africa, Congo 

EAHB Great Lakes 

Region 

 Great Lakes 

Region 

 

 

In response to high rates of urbanization, African food economies are in the process of 

transitioning from a more subsistence orientation to generating marketable surpluses to 

meet rising urban food demand.  The bulkiness, relatively low value, and relative 

perishability of roots, tubers and bananas often put VPC‘s at a price disadvantage in 

urban markets.  There are two different tracks in the market development of the VPC‘s, 

namely processing into competitive, convenient flours and dried products—large 

volumes and low margins-- or development as a preferred, high value ―vegetable‖ in 

urban diets—low volumes and high margins.  Cassava market development has 

progressed along the first track, particularly in the urban markets of coastal West Africa.  

Yams and plantains are a relatively preferred product in the same markets, with 

potential for developing orange fleshed sweet potato as a similar product in these 

markets.  In East Africa grain flours tend to dominate in urban diets, except in urban 

areas in the Great Lakes, where EAHB are also widely consumed.  Sweet potato, 

potato, and fresh cassava are consumed more as vegetables in urban markets.  In 

Southern Africa maize flour tends to dominate as the urban staple, although 

consumption of fresh cassava roots is increasing significantly.   Any significant reduction 

in root/tuber price will in general result in a significant increase in urban demand. 



 

Shifting VPC production systems toward more commercial orientation potentially 

changes the traits required for meeting preferences of marketing agents and urban 

consumers and provides greater incentives as well as cash flow for the purchase of 

seed.  The implications for breeding programs in responding to urban markets are 

discussed below.  The implications for seed demand, however, are far from clear.  Even 

for potatoes in East Africa which are essentially a commercial crop, less than 5% of 

farmers buy seed potatoes in the formal market and more than 50% only use seed 

potatoes they have produced themselves (Gildemache, et al, 2009).  Development of 

urban commodity markets for VPC‘s provide a potential driver of production system 

intensification, but farmer demand for purchased seed will depend on a range of other 

factors essentially related to the return on such investments, especially in relation to the 

opportunity cost of using farmer saved seed.  This issue will be a particular focus of the 

section on formal seed systems below. 

Characterization of Propagation of VPC’s 

The differences in how seed systems for VPC‘s are organized and the potential for 

private sector entry primarily follow from particular characteristics of the planting 

material itself, as presented in Table 3.  The common characteristics across the VPC‘s 

are the very low multiplication rates (which limits the expansion rate of new varieties), 

the bulkiness of the planting material, especially compared to grains, and the relative 

perishability of the planting material if not stored properly.  The plant part that serves as 

propagule varies across the VPC‘s, with significant implications for cost.  For yam and 

potato, where the tuber or eatable portion is the propagule, the relative cost of planting 

material, given the low multiplication rate, is high, ie given the opportunity cost inherent 

in selling or consuming the tuber.  Because of this high cost, tuber crops have much 

more potential for private sector entry than the root crops and Musa.  Cost and 

availability of planting material are principal constraints on planting area and on the 

overall costs of production of the commodity.  Among the VPC‘s cassava has the on-

farm propagation system with the lowest cost and where availability of planting material 

is not usually a constraint on area planted.  For sweet potato there is often a significant 

lag between harvest and planting, requiring a capacity to produce vines in the off 

season.   

Informal seed systems for yams, potatoes and sweet potatoes involve higher levels of 

exchange than other VPC‘s, as there is usually an interval between harvest and planting 

and either vines do not store for that period (sweet potato) or there is a dormancy period 

and storage losses also can be high (yam and potato).  On-farm production of planting 

material still dominates, but can be supplemented by purchases.  Planting material is in 

these cases provided by specialized ―seed‖ producers that can supply planting material, 



often through local markets, at planting time.  For sweet potatoes this requires dry 

season production conditions that have sufficient moisture to maintain the stock.  For 

yams there is a trade-off between producing ware yams for market and seed yams, 

leading to specialization of seed yam producers.  The market for seed yam in Ghana 

and Nigeria is organized at higher market levels than just local markets, with bulking 

agents and aggregators/storage in central markets (Kenyon, 2006).  The market for 

seed yam in West Africa comes close to the characteristics of a more formal seed 

system. 

Table 3:  Characteristics of “Seed” Systems for VPC’s 

VPC’s Propagule Seed Cost Planting 

Rates 

Seed 

Multiplication 

Rates 

Seed 

Storage 

Cassava Stem Low 10,000 1: 4-5 Month 

Yams Tuber High 10,000 1: 3-8 seed 

yams 

Yam Barns 

Sweet Potato Vine Low 33,000 1: 5 Few days 

Potato Tuber High 45.000 1: 8-15 Sheds 

Banana 

Plantain 

Corm Low   1,600 1: 2-5 Few weeks 

 

These characteristics also are central to the organization of the breeding and seed 

system.  In breeding programs because propagation is clonal, the variety is fixed at 

hybridization and the principal activity is purely selection and evaluation.  However, this 

is restricted in the early stages of the selection process by the very low multiplication 

rates, which in turn limits the potential for evaluation of significant genetic diversity 

across environmental variation, as this comes rather late in the evaluation process and 

is limited to 20 to 30 cultivars.  As will be discussed below, this structure has 

implications on how to link breeding most effectively with the seed system. 

Characteristics of VPC propagules in turn have particular implications for the 

management of the seed system, particularly as compared to cereal grains.  A 

comparison of cereals versus VPC‘s for quality management and certification of ―seed‖ 

is presented in Table 4.  Importantly, the relative weights of quality parameters in seed 

certification are virtually inverted between cereal grains and VPC‘s.  Genetic instability 

is not an issue in VPC‘s because they are clones and yet it is central to the production 

of certified seed in cereals.  On the other hand, plant health and site adaptation are 

critical issues in VPC‘s and only moderately important in cereals.  Quality management 



needs to be very differently organized in VPC seed systems as compared to cereal 

seed systems.  As will be discussed below, understanding varietal adaptation is 

especially problematic in VPC‘s, given the limitations and costs of multi-locational 

testing.  Moreover, ensuring ―seed‖ health is directly related to diagnostic capacity, 

especially for viral diseases, and such capacity as embodied in tissue culture has an 

implicit trade-off between ability to guarantee health status and proximity to the farmer.  

The latter leads to a very hierarchical structure in the organization of a VPC seed 

system, given the very high cost relative to value of transporting VPC planting material.  

The hierarchy in general consists of a centralized tissue culture laboratory, a 

decentralized network of multiplication nurseries using rapid multiplication techniques 

and Quality Declared Seed protocols, and finally on-farm production and multiplication.  

A central question in the succeeding portions of the paper is whether such a system can 

cover costs in relation to the farmers‘ willingness to pay for planting material. 

Table 4:  The Relative Importance (Risk) of Seed Quality Parameters between VPC’s and 

Cereal Grain Seed Systems 

Quality Parameter VPC’s Cereal Grain 

Genetically True to Type Minimal (clone) Risk Most Important Risk 

Seed Health Very Important Risk Moderate Risk 

Adapted to Site Very Important Risk Moderate Risk 

 

Informal Seed System 

Sperling and Cooper (2003) provide a succinct description of the formal and informal 

seed system, although with a focus primarily on grains.  ―An informal seed system is 

basically what the formal seed system is not. Activities tend to be integrated and locally 

organized, and the local system embraces most of the other ways in which farmers 

themselves produce, disseminate, and access seed: directly from their own harvest; 

through exchange and barter among friends, neighbors and relatives; and through local 

grain markets. Encompassing a wider range of seed system variations, what 

characterizes the local seed system most is its flexibility. Varieties may be landraces or 

mixed races and may be heterogeneous (modified through breeding and use). The 

same general steps or processes take place in the local systems as in the formal sector 

(variety choice, variety testing, introduction, seed multiplication, selection, 

dissemination, and storage) but they take place as integral parts of farmers' production 

systems rather than as discrete activities. The steps do not flow in a linear sequence, 

and they are not monitored or controlled by government policies and regulations. 

Rather, they are guided by local technical knowledge and standards and by local social 



structures and norms. Despite, or perhaps because, of their variability and local 

specificity to needs and preferences, local channels (e.g. household stocks, markets, 

social exchange networks) provide most of the seed that most small farmers use.‖ 

The informal seed system for VPC‘s relies on on-farm production of planting material as 

an integrated component of the commodity production process—except for seed yam 

producers.  In general, farmers have ready access to planting material as a product of 

crop production, unless the harvest period is not well synchronized with the planting 

season (especially the case for sweet potato and to a certain extent for cassava in drier 

environments and where the cropping cycle is longer than a year) or it is heavily 

infected by diseases and pests.  Community exchange of planting material with 

reciprocity helps to ensure that all farmers have sufficient planting material to meet their 

needs.  Only a very limited amount of planting material is purchased through local 

markets, primarily seed yams and sweet potato vines.  The informal seed system 

supplies all but a very small percentage of planting material needed for the production 

of VPC‘s.   The formal seed system, which is primarily organized around the delivery of 

improved varieties, is modeled on grain seed systems, which in many respects are not 

appropriately designed for an effective linkage between the formal and informal sectors.  

Moreover, the informal seed system can be shocked, especially by the introduction of 

new pests and diseases, and stabilizing these systems is most often accomplished 

through the delivery of resistant varieties.  This section will briefly characterize the 

informal seed system, provide an evaluation of possible interventions to improve its 

effectiveness, assess possible linkages to the formal seed system, and assess 

responses to a VPC seed system under stress. 

Characterization:  Farmers manage planting material as an integral part of the 

production system.  For the tubers this entails relatively high opportunity costs in that 

the seed could be sold as product, especially given the well developed markets for both 

crops, as well as the costs related to seed storage.  Planting material of the root crops 

and Musa seed are managed as a byproduct, often with very low opportunity costs, the 

most important being sweet potato vines as animal feed.   On the other hand, 

smallholder farmers do not recognize or understand the effects of plant diseases or 

nematodes (GLCI baseline; Manu-Aduening, et al, 2007), but rather select for higher 

yield under disease pressure.  Plant health or ―seed‖ quality in general is not a feature 

of farmers‘ management of the seed system, although commercial potato farmers do 

recognize the yield advantages of clean seed.  Awareness of plant diseases in VPC‘s 

and their management through planting material and resistant varieties are a primary 

source of productivity increase.  Resistant varieties are seen as the most scalable 

solution to managing these diseases, but resistance has either not been identified or 

has been difficult to breed for in diseases such as bunchy top virus in Musa, bacterial 

wilt in both Musa and potato, and brown streak virus in cassava.  Disease management 



and seed health is a critical issue in both the formal and informal seed system for 

VPC‘s. 

Smallholder producers of VPC‘s in general manage a portfolio of varieties.  No one 

variety has all the traits valued by African farmers.  Because of the physiology of VPC‘s, 

these crops produce some yield under both nutrient and water limited conditions and as 

such farmers deploy different varieties across the range of ecological and economic 

niches, often in both space and time.  Because these crops are clonally propagated, 

genetic diversity is maintained through a portfolio approach, as shown by Kizito, et al 

(2007) for cassava in Uganda.  Communities will often have 20-30 different varieties, 

which in turn provides the basis for genetic diversity in these clonally propagated crops.  

Moreover, the traits most valued by farmers will depend on agroecological conditions, 

the farm resource base and  integration with markets, as shown by Edmeades, et al 

(2007) for East African Highland bananas.  Quality characteristics are particularly 

important in households with a more subsistence orientation.  Targeting of varieties is 

possible based upon the combination of traits most desired by different classes of 

households.  VPC farmers will adopt new varieties gradually, testing new varieties on a 

small scale for performance and traits and then shifting the relative planted area of 

different varieties in the portfolio.  Varietal adoption is relatively slow, as well 

constrained by the low multiplication rates.  Farmer experimentation with new varieties 

will be based on those primarily received through informal exchange with other farmers 

outside the local community.  However, this is not frequent, as Manu-Aduening, et al 

(2005) find a new landrace being adopted about once a decade in Ghana.   The same 

characteristics apply to the informal seed system for Musa, ie adoption of new 

landraces in a decadal time frame (Smale, et al, 2006).  This also reflects the lack of 

varieties that can adequately substitute within the farmers‘ current portfolio, ie improved 

that could be supplied by a breeding and formal seed system. 

Improving the Effectiveness of the Informal Seed System:  The informal sector will 

continue to be the principal source of planting material for VPC‘s for the foreseeable 

future, primarily because there is such limited scope for private sector entry (this is 

discussed below).  Nevertheless, there is scope for improving the effectiveness of the 

informal seed system.  Such improvement can potentially come in four principal areas, 

namely working with scientists to breed better varieties,greater capacity to multiply and 

distribute improved varieties, improved management of pests and diseases, and in turn 

greater resilience of clonally propagated VPC‘s to pandemics, which have been 

increasing in severity and scale over the last three to four decades.  The incentive for 

each of these resides in improved productivity but achieving each requires a sufficient 

degree of collective action and improved farmer understanding of the cause and 

management of plant disease. 



Farmers have the most difficulty ensuring sufficient ―seed‖ at planting time with sweet 

potato and yams.  Research on developing an off season vine production capacity for 

sweet potato based on sprouting roots is showing good progress (Gibson, personal 

communication).  The next issue will be how best to deploy this seed management 

technique.  There also is ongoing research work on optimizing the production of seed 

yams using minisets and seed treatment for tuber disease control which significantly 

reduces loses in storage.  An even more promising technique is the use of vines to 

produce mini tubers which are then used to produce seed yams. This would completely 

separate yam seed production from the production of ware yams (and root pathogens 

from seed), suggesting potential specialization across the two production activities 

(Asiedu, personal communication). 

The informal system will continue to be the principal means of multiplying and 

distributing new varieties, in essence filling in through on-farm multiplication from the 

points of distribution established by the formal seed system.  Farmers test new varieties 

of VPC‘s with only a limited amount of planting material and then expand its production 

depending on performance.  Where there is high demand for the variety, as for example 

a resistant variety under a disease pandemic, there are community based methods of 

rapid multiplication (see Table 5).  In many cases these require a structure for 

maintaining high humidity to encourage survival whilst rooting occurs.  Such community 

based seed systems, however, require an incentive such as a more continuous supply 

of new varieties to be sustainable or, in the case of tubers, a supply of clean seed.  

Nevertheless, communities tend to maintain local landraces, even in a pandemic (Kizito, 

et al, 2005), thus maintaining local genetic diversity in the crop. 

Table 5:  Propagation Methods for Rapid Multiplication at Nursery Level 

 Cassava: Rapid Multiplication 
 Yams:  Mini-Set; Vines 
 Sweet Potato: Multiple Harvest Seed Plots 
 Potato:  Stem Propagation/Mini tubers 
 Musa:  Macropropagation  

 

Techniques for managing pest and disease transmission in VPC‘s have been developed 

but these in general involve improved management of the planting material.  At the farm 

level this in general involves understanding disease symptoms and transmission, 

positive selection, and occasional roguing.  In general such disease management has 

occurred primarily in potato, where there is a significant return to the practice, and under 

pandemic conditions, such as bacterial wilt in EAHB or brown streak virus in cassava.  

Because vines are used as the propagule, such selection also occurs in sweet potato.  

At the level of a community based seed system, guidelines have been prepared for 

producing quality declared seed (QDS), a less restrictive form of seed management 



than seed certification.  Howeve, QDS protocols need to be validated with communities, 

which is often lacking in VPC‘s.  However, again application of QDS is only effective in 

the context of multiplication and distribution of improved varieties. 

Informal seed systems for VPC‘s in sub-Saharan Africa have been particularly 

susceptible to pandemics from the introduction of pests and diseases from their center 

of domestication, the sudden spread of disease from relatively localized areas of 

infection or the development of particularly virulent forms of the disease.  These 

pandemics became especially pronounced starting in the 1970‘s with mealybug on 

cassava and black sigatoka on Musa.  This was followed by the outbreak of the 

Ugandan variant of cassava mosaic virus, bacterial wilt on EAHB and the sudden 

spread of cassava brown streak virus, most of the latter originating in East Africa.  The 

economic impact of such pandemics is best reflected in the fact that the control of 

cassava mealybug through biological control in itself generated 80% of the overall 

benefits to CGIAR research in sub-Saharan Africa (Maredia and Raitzer, 2006).  Control 

measures for these various pandemics have varied depending on pest or pathogen.  

For cassava mealybug classical biological control was used, for black sigatoka and 

cassava mosaic resistant varieties, for banana wilt management cultural practices, and 

for cassava brown streak no effective control measure has yet been developed.  Except 

for the biological control approach, response to a pandemic requires some form of 

delivery system for resistant varieties and/or cultural practices for management of plant 

disease. 

Linking the Formal and Informal Seed System: The informal seed sector for VPC‘s will 

provide the bulk of planting material for the production of these crops and the formal 

system will primarily act as a set of distribution points for the delivery of improved 

varieties, the provision of clean ―seed‖ for tuber crops, and the management of 

pandemic shocks to the informal system.   To a certain extent the formal and informal 

seed systems are seen as competing models, with the expectation that the informal 

system will evolve into a more formal, commercially oriented system.  This may be true 

for grains but VPC ―seed‖ systems will always be some mixture of both informal and 

formal elements and the large design question is how best to develop functional 

integration between the informal and formal systems.  At the same time formal VPC 

seed systems in sub-Saharan Africa are limited in size, and often duration, in 

commercial applications, and in experimentation with alternative models.  The formal 

system focuses on maximizing multiplication rates, ensuring no disease transmission 

and good plant health.  There is a significant trade-off between the techniques used 

develop planting material, these two criteria, and proximity to farmers, that is from tissue 

culture to rapid multiplication techniques used at the nursery level to on-farm 

multiplication.  This makes current formal seed systems more supply driven rather than 



demand responsive and with a focus on multiplying existing varieties rather than 

responding to adaptation and trait requirements of different farmer populations. 

The key to an effective linkage between the formal and informal systems and a more 

demand responsive seed system, is the development of a nursery capacity.  Such 

capacity is again very different from seed systems for grains, where distribution is solely 

dependent on a network of agrodealers.  VPC seed nurseries or community seed 

suppliers provide a range of functions including multiplication, seed quality checks and 

distribution.  For some VPC‘s and in particular market contexts there is potential for 

private sector entry into a VPC seed market,1 while for other VPC‘s and in other market 

contexts such capacity will have to depend on the development of collective action and 

social capital  at the community level.  In both cases it will be important to understand 

the drivers of such capacity development.  The next section reviews the potential 

structure of the formal seed system, the potential for private sector entry and the points 

of integration with the informal sector. 

The Private Sector Formal Seed System    

The formal seed system is "a deliberately constructed system, which includes a chain of 

activities leading to clear products: certified seeds of verified varieties. The chain usually 

starts with plant breeding and selection, resulting in different types of varieties and 

promotes materials leading to formal release and maintenance. Guiding principles in the 

formal system are to maintain varietal identity and purity and to produce seeds of 

optimal physical, physiological and sanitary quality. Certified seed marketing and 

distribution take place through a limited number of officially recognized seed outlets, 

usually for financial sale.‖ (Sperling and Cooper, 2003)  For VPC‘s the organizational 

logic of the formal seed system revolves around cost effective multiplication and 

distribution and producing disease free planting material. 

Private sector entry into the VPC seed system depends on the profit margin created 

between the price farmers are willing to pay for planting material and the costs of 

multiplication and distribution.  The price that farmers are willing to pay in turn depends 

on the perceived return on purchasing seed compared to the opportunity costs of 

producing her own planting material.2  For tubers this opportunity cost is quite high, 

given that the tuber can be either sold or consumed in the household.  For the root 

crops and Musa planting material is a by-product of the production process and the 

opportunity cost is low, primarily animal feed for sweet potato vines, mulch for bananas, 

                                                           
1
 In the Lake Zone of Tanzania and in Rwanda, there are small private growers of sweet potato planting material 

who have access to wetlands and provide an ‘informal’ private enterprise supply system at the beginning of the main 

rains of non-certified seed and maybe making USD500 – 1,000. (Gibson, personal communication) 

 
2
 Farmer purchase of inputs like VPC planting material will also depend on farmer ability to pay and the 

comparative return on other alternative investments. 



and low quality fuel for cassava stems.  The return on purchased seed either comes 

from not having sufficient seed at planting time, a particular issue for sweet potato and 

yam, or the yield gain over using farmer produced planting material.  Yield gain derives 

from having clean seed, the increased growth from ―juvenile‖ tissue derived from 

banana tissue culture, or improved varieties (for grains the yield advantage comes 

almost solely from improved varieties, often associated with hybrid vigor).  For farmers 

this yield gain is not known with any certainty and this will affect both the price and the 

volumes farmers will buy until they have sufficient experience growing the purchased 

seed.  Any profit margin for private sector entry into seed production must then balance 

farmer willingness to pay against the costs of production and distribution. 

The organization of the formal seed system for VPC‘s balances the technology inherent 

in multiplication and disease control with the logistics of distributing bulky, perishable 

planting material.  Given the high costs of transport in sub-Saharan Africa, only the 

initial foundation seed production can be centralized and the other stages of ―seed‖ 

production tend to be relatively decentralized.  Because of the importance of virus 

diseases, initial multiplication and quality control is normally done through a tissue 

culture laboratory, although this is done more for Musa, potato and yam than for 

cassava and sweet potato.  This organizational structure in turn limits private sector 

involvement to either foundation seed suppliers, principally tissue culture laboratories, 

and/or specialized secondary producers that multiply the seed while maintaining seed 

quality.   For tuber crops, ie yams and potatoes, secondary producers already supply 

seed yams and potatoes to supplement on-farm production.  This is not certified seed 

and the seed tubers often carry diseases and are of varying quality.  Where disease 

free seed gives a significant yield advantage over farmer produced seed, there is 

potential for private sector investment in a certified seed network or a branded, quality 

product.  This network would depend on the production of disease free stock, usually 

through tissue culture, and then a capacity for efficient multiplication under non-

infectious conditions, which is often a rate limiting step in the development of a certified 

seed system for VPC‘s.   That is, the costs and returns of such a system are related to 

the length of time it takes to go through the necessary generations to multiply up the 

seed, whilst at the same time not getting the plants infected.  Potato and musa are 

probably closest in having both an efficient production capacity for clean seed through 

tissue culture and an effective multiplication system, viz aeroponics for potatoes and 

direct multiplication in nursery or mother gardens given the low planting densities for 

Musa.3  The yield advantage of certified seed for potato comes from the elimination of 

viruses and bacterial wilt and for Musa primarily from the juvenile plant tissue.   

                                                           
3
 The yam value chain study presents preliminary costs and return data to suggest that such a tissue culture capacity 

producing mini-tubers for distribution to seed multipliers is also very profitable and provides scope for private sector 

investment in Ghana and Nigeria. 



The initial investment in the centralized, tissue culture capacity is being done through 

either some type of public-private partnership or investment in public sector capacity.  

The limited capacity in tissue culture that exists in sub-Saharan Africa (outside South 

Africa) is primarily in the public sector research institutes.  Only Kenya, Burundi and 

Uganda have private sector tissue culture capacity, which operate across multiple 

products including bananas, rather than as in South Africa at scale to service 

commercial banana growers.  Given the relatively recent emergence of this capacity, 

standards on both virus indexing and off types are not in place.  The relative success of 

tissue culture bananas in Kenya was conditioned by existing tissue culture capacity in 

the public sector, a ready commercial market for dessert banana in Nairobi, an NGO 

that organized the mother gardens and micro-credit for field establishment, and the 

development of a market chain for bunches.  These conditions have not been 

reproduced elsewhere either for other VPC‘s or for bananas themselves.  The 

production of tissue culture banana plantlets in Uganda and Burundi relies primarily on 

providing planting material to government agencies and NGO‘s in ―seed‖ relief 

programs.  The very limited costing data that exists suggests that private sector 

investment in tissue culture capacity for VPC seed production has potential in the tuber 

crops, yam and potato, and in Musa.  However, such investment depends as well on the 

development of a network of nursery producers that can further multiply and then 

distribute the planting material.   

With respect to nurseries, there is an emergent private sector capacity in clean seed of 

potato in East Africa.  Currently the public sector produces small quantities of disease 

free seed stock for distribution to small, commercial seed growers.  The very recent 

introduction of aeroponic multiplication technology has expanded the capacity to 

multiply this stock by producing mini tubers.  To date this capacity has been built solely 

in the public sector linked to the tissue culture capacity.  If this is successful in 

expanding the number of seed multipliers, there would be potential for private sector 

investment.  However, the economics have yet to be established, and as with the 

bananas, private sector investment only comes with significant piloting by the public 

sector and/or NGO‘s to demonstrate economic feasibility and market potential. 

The development of a formal seed system for grains, especially one with significant 

private sector participation, is purely dependent on well characterized varieties, and 

private seed companies compete on the basis of performance of their varieties.  

Farmers producing VPC‘s also are willing to pay significantly more for new varieties, as 

shown in Table 6 for sweet potato vines in Mozambique.  However, farmers are willing 

to pay for new varieties for VPC‘s until they can multiply enough of the variety to meet 

their planting requirements.   

 



Table 6:  Farmer Willingness to Pay for Sweet Potato Vines in Mozambique Compared to 

Nursery Production Costs under Different Agroecologies 

Farmer Willingness to Pay  MTn/Kg 

     Local 0.6 

     Jonathan 1.7 

     Resisto 2.4 

     MGCL01 2.9 

Production Cost    

    Conventional Multiplication/ Dry Agroecology 9.7 

     Rapid Multiplication/Dry Agroecology 2.2 

     Conventional Multiplication/Wet Agroecology 1.7 

       Source:  Ricardo Labarta, CIP 

This scarcity value for improved seed will normally last from 4 to 7 seasons and will 

provide the incentive for the organization of community seed production or private seed 

producers, given that they can produce at a cost below what the farmer is willing to pay.  

For the sweet potato example, this will depend on both production conditions and ability 

to employ rapid multiplication techniques.  However, this does not guarantee the 

sustainability of the nurseries unless there is a more continuous flow of new varieties 

into the nursery network.      

For the foreseeable future the formal seed sector will continue to be a relatively minor 

provider of the overall seed needs of VPC producers, and within that there are only 

certain niches where the private sector can play a potential role.  Defining those niches 

with any degree of certainty is limited by the dearth of economic studies on VPC seed 

systems, especially where potential market size is defined and farmer willingness to pay 

is compared to production and distribution costs at various stages in the organization of 

the formal seed system.  From first principals there would appear to be some scope for 

a private sector role in tissue culture, mini tuber production, and clean seed nurseries 

for the tuber crops potato and yam.  Where there are specialized, commercial growers 

of bananas, there is similar potential for private sector investment in tissue culture 

capacity, with NGO organization of micro-credit and mother gardens to ensure 

smallholder access.  There does not seem to be much scope for significant private 

sector investment in cassava and sweet potato formal seed systems without a 

significant increase in production of new varieties, as will be discussed in the next 

section.  The argument in that discussion is that the public sector will continue to 



provide key functions that allow private sector participation in the formal seed sector, on 

the one hand, and on the other there is potential for more cost effective linkage between 

the formal and informal seed sectors, where the informal sector will continue to provide 

much of the capacity for multiplication and distribution of VPC planting material. 

Public Sector Formal Seed System 

Compared to the potential farmer return on purchasing either clean seed or 

supplementary seed supplies, the far greater demand comes from the availability of 

improved varieties.  Breeding improved varieties for VPC‘s is done wholly in the public 

sector and some formal seed system capacity is obviously needed to deliver a return on 

the public sector investment in breeding.  Breeding for VPC‘s is very much a public 

good and the consumption of that public good requires farmer access to those varieties.  

Given the lack of incentives for private sector investment in VPC seed systems, public 

sector investment in breeding requires a complementary investment in seed systems.  

The issue is not whether the public sector should invest in VPC seed systems but rather 

how most cost effectively to do so.  If breeding and seed systems for VPC‘s is seen as a 

joint investment, the succeeding decision problem is how best to integrate the two.  

Options for best integrating breeding and seed systems for VPC‘s offer creative 

alternatives to both, rather than considering the design of each independently. 

Breeding programs for VPC‘s have several key characteristics.  Because they are 

clonally propagated, hybridization and the production of a seed essentially fixes the 

genotype of each seedling and the rest of the breeding activity is purely selection and 

evaluation.   However, selection and evaluation are limited by the low multiplication 

rates, duration of the growing period and the large plot size for yield evaluation.   These 

three factors both constrain the numbers that can be evaluated and increase the cost, 

particularly as compared to breeding for cereals or grain legumes.  Moreover, given the 

significant GXE interaction for many of the VPC‘s, especially in relation to the 

agroecological range under which these crops are grown, there are real constraints on 

the cost and ability to evaluate under alternative environments.4  The development of an 

efficient trialing network is costly, evaluates only a limited number of varieties, and is 

often given low priority in VPC breeding programs.  All these factors result in a limited 

number of varieties that move through the varietal release process. 

Return on investment in a formal seed system for VPC‘s is essentially a function of the 

number of improved varieties that move through the system, their speed of movement 

and the extent of their adoption.  Since the numbers are limited currently (see Table 7), 

the potential both for widespread adoption and for partial cost recovery within the seed 
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 Breeding programs for VPC’s in sub-Saharan Africa focus on resistance to principal diseases as the principal 

breeding objective.  For cassava breeding for resistance to cassava mosaic virus has resulted in an apparent broad 

adaptability compared to local cultivars, given the yield loss due to this disease. 



system is limited.  There are possible options to a more integrated approach to 

improving the efficiency of the breeding programs and simultaneously the effectiveness 

of distribution of new varieties, particularly as most of the multiplication and distribution 

will be done through the informal seed system.  The objective is to get more genetic 

variability flowing through the breeding and seed system and evaluated under more 

diverse conditions.  At the same time, the objective is more fully to exploit the linkage to 

the informal seed system.  Three options are discussed in terms of these points of 

integration. 

Table 7:  Number of Varieties Released of Vegetatively Propagated Crops in Sub-Saharan 

Africa 

VPC’s 1990-1994 1995-1999 2000-2004 2005-2009 

Cassava 35 47 39 64 

Yams 9 14 10 22 

Sweet Potato nil 7 18 15 

Potato 5 8 17 18 

Musa 13 4 9 3 

Source:  Arege Alene, IITA for cassava, yams, and Musa; Ricardo Labarta, CIP for potato and sweet 

potato 

Participatory Plant Breeding:  In many ways participatory plant breeding (PPB)--as 

opposed to participatory varietal selection-- is well suited to clonal crops, since the 

varieties are fixed at hybridization.  Moreover, selection and evaluation can be 

decentralized and done under representative farmer conditions on the basis of farmer 

selection criteria.  Some argue that this results in niche breeding but for clonal crops 

only multi-site varietal trials can correct for this and farmer varieties can be equally 

evaluated in such a trialing network.  Moreover, superior varieties will be multiplied and 

distributed directly within the informal seed system, and eliminating the formal varietal 

release process.  IITA undertakes its yam breeding by distributing sexual seed to 

national breeding programs for selection and evaluation.  The same idea would apply 

but using farmer groups to undertake the selection and evaluation in well characterized 

and well selected sites.  To date in sub-Saharan Africa there have been on two 

experiments with PPB for VPC‘s, namely for cassava in Ghana (Man-Aduening, et al, 

2006) and for sweet potato in Uganda (Gibson, et al, 2008).  Both of these were pilots 

and have not been fully integrated into the breeding programs. 

The viability of this approach needs much further study and effective design of the 

breeding program.  For example, pedigree breeding programs would be a more 

effective source of seed than polycross methods, especially given the more limited 



number of materials that can be moved through the selection and evaluation process at 

farm level.  This would be especially effective if the crossing was done within well 

characterized populations with core traits.  Farmers would use their own selection 

criteria, but issues also exist of whether methods such as replicated trials would be 

used and the level of tracing genotypes through the stages of selection.  Cassava would 

be most amenable to this approach, followed by sweet potato provided there were 

facilities for maintenance of vines in the off-season.  There has been no 

experimentation with yams, and would be more difficult than either cassava or sweet 

potato.  Musa would not be possible given the complicated management of ploidy levels 

in the breeding process.  There are no national potato breeding programs in sub-

Saharan Africa and furthermore presents difficulties given the experience with true seed 

of potato. 

Multi-locational Trials/Participatory Varietal Selection:   The existing breeding systems 

for VPC‘s in large part define the structure of the required seed system.  Because of the 

low multiplication rates it takes four cycles of selection to get to replicated yield trials.  A 

principal breeding objective is some level of broad adaptability, at least within defined 

agroclimatic zones.  A significant degree of broad adaptation is given by a principal 

focus on resistance to principal diseases, and breeding is made easier if the root or 

tuber is used for processing, although that is only primarily a possibility in cassava.  

Although there are some attempts to evaluate early material under alternative 

environmental conditions, this usually does not occur until the multi-locational varietal 

trial stage, where between 15-20 clones are evaluated over 5 to 10 sites.  Depending on 

the crop an average of 1-3 varieties are released annually through the official varietal 

release system, often much less frequently.  Clean foundation seed is then bulked, 

usually by the breeding program, and then distributed to secondary multipliers, where 

this system exists.  Because of the bulkiness and high transport costs in sub-Saharan 

Africa formal seed systems for VPC‘s depend on a centralized production capacity for 

clean seed and secondary and tertiary multipliers and distributors. 

An argument can be made for rethinking the role of the multi-locational varietal trial and 

coupling it directly with the informal seed system for VPC‘s.  There has been a limited 

amount of work which suggests significant GXE interaction.  Moreover, farmers 

maintain a significant range of genetic diversity (Kizito, et al, 2007) in a portfolio of 

varieties and farmers select for a diverse range of traits, more so where roots and 

tubers are consumed in fresh form and women have an important role in identifying 

priority traits.  A few varieties released each year have a relatively low probability of 

widespread adoption, except for more commercial crops like potatoes, and in turn 

produces a relatively low return on the investment in formal seed capacity.  If farmers 

had access to a wider range of genetic material evaluated for the traits they prefer and 



in a strategic set of locations, the potential for identifying varieties that farmers will adopt 

should increase and at the same time link more directly to the informal seed system. 

The objective is to use multi-locational varietal trials as a means of getting an increased 

array of genetic diversity to farmers, use both farmer and scientist criteria to evaluate 

these varieties, and allow farmers participating in the trials to multiply those varieties 

they have selected.  Farmers maintain a range of varieties and the traits that they 

demand, especially production versus consumption traits are dependent on relative 

participation in markets and agroecology (Kizito, et al, 2007; Edmeades, et al, 2008).  

The relative proportions of the varieties that farmers will plant depends on how traits 

match the variation in farmer objectives, with women having a much more important role 

in subsistence systems and men in more commercial systems.  Optimizing such a 

participatory varietal selection with integration into informal seed systems would require 

a strategic selection of locations and farmer populations, with an understanding of the 

traits that condition choice of variety (Edmeades, et al, 2008), trial design (eg the 

mother-baby trial design used in cereal trials could be adapted for use with VPC‘s), and 

effective monitoring of farmer multiplication and distribution of planting material.  

Breeders would in turn have a better mapping of trait deployment within their varieties 

and needed traits that are managed within populations. 

Varietal Release Linked to Formal Seed Systems:  Currently for all VPC‘s in sub-

Saharan Africa the public sector plays the dominant role in the formal seed capacity that 

exists for these crops.  For potato that is primarily in the supply of clean seed to small 

scale seed producers.  After potatoes, formal seed capacity has been most effectively 

developed in cassava, but then only in a few countries.  These are based on project 

funding, primarily in relation to the virulent form of cassava mosaic virus in the Great 

Lakes region, but also the IFAD funded RTIP program in West Africa, especially in 

Ghana, and the Nigerian government investment in seed multiplication through its 

ADP‘s.  In these cases the seed system was organized around multiplying and 

distributing improved varieties.  Even in a highly industrialized cassava sector like 

Thailand, the public sector still does all the cassava breeding and seed multiplication 

and distribution.  A formal seed system relies on the production of clean stock, primarily 

through tissue culture, multiplication as foundation seed, and distribution to a network of 

secondary multipliers.  Maintenance of a network of seed multipliers depends on their 

being able to sell their stock.  This depends for the root crops and Musa on the value 

attached to new varieties and this scarcity value is probably saturated in 3-4 years, 

requiring another variety.  Developing effective demand for such varieties has really not 

been tested outside of pandemic situations, post recovery civil crises and the 

experience with TMS varieties in Nigeria in the 1980's.  Seed system development in 

these contexts has relied on campaign approaches to the multiplication and distribution 

of planting material for improved varieties.  



 

Pandemics have characterized non-indigenous clonal crops in sub Saharan Africa and 

appear to have increased in number and severity over the past three to four decades, 

maybe in line with increasing globalization of Africa.  Black sigatoka on both plantain 

and EAHB was followed by an outbreak of banana bacterial wilt in the Great Lakes 

region.  The mealybug and green mite pandemics across the cassava producing 

regions of the continent were followed by the virulent form of CMV in the Great Lakes 

region and currently by an outbreak and spread of cassava brown streak virus.  After an 

initial introduction the rapid spread of the pest or disease is often through the exchange 

and transport of infected planting material, and this is often exacerbated by civil 

disturbances, as has particularly occurred in the Great Lakes region.  The response to 

these pandemics has been through the mobilization of a combination of international 

centers and national program capacities usually supported by international donor 

funding, particularly for the multiplication and distribution of resistant varieties.  

Response capacity has most often been slow in relation to the spread of the disease 

and the disease or pest has always become endemic with varying levels of control. 

Issues of surveillance and response capacity are discussed in the next section. The 

issue here is whether there are elements of the breeding and formal seed system that 

would allow a faster response time to a potential pandemic situation.  Where the 

response to a pandemic is resistant varieties, and this is particularly the case in virus 

disease pandemics, rapid deployment of the virus resistance trait is particularly crucial 

to effective control of the disease.  Currently breeding for resistant varieties is relatively 

centralized in IARC breeding programs, which in turn requires a large investment in a 

campaign approach to multiply and distribute resistant varieties.  An alternative is to is 

to deploy the resistance through a PPB program or as quickly as possible through a 

network of multi-locational trials and PVS.  For a variety developed at an IARC to go 

through the formal testing system, be released, and then go into a campaign of rapid 

multiplication and distribution requires both more years within the requirements of the 

varietal release system and at the same time will most likely incorporate the resistance 

into a non-preferred background.  On the other hand, where resistant varieties are 

already developed, as was the case for the CMV pandemic, then both tracks can be 

usefully followed.  That is, the needed capacity to quickly respond to pandemics is not 

the expensive maintenance of a permanent formal seed system for VPC‘s, but rather 

investment in a more distributed breeding capacity linked directly into the informal seed 

system. 

Regional Platform for Plant Health: Risk Analysis, Surveillance and Response 

Capabilities 

The informal seed system will continue to supply the bulk of planting material for VPC‘s 

in sub-Saharan Africa.  The informal system has been remarkably resilient but 



managing diseases and pests have proven to be an ongoing threat to production of 

these crops, with consequent shocks to food security and livelihoods to producing 

households.  Moreover, climate change and increasing cross-border trade, exacerbated 

by civil unrest, suggest that the threat of another pandemic is highly probable.  This is 

particularly so for cassava and Musa, where there is continuity of crops in the field and 

where the pandemics for cassava brown streak virus and for banana bacterial wilt are 

still expanding with little means currently of bringing the spread under control.  The risk 

is somewhat less for sweet potato and potato, where there are periods after harvest 

when there are no crops in the field.  Yams are in their center of origin and while over 

the centuries current varieties have been selected for tolerance to principal diseases 

and pest, the difficulty of breeding for the complex of pests and diseases makes 

breeding progress much more difficult—for example, not all of the viruses affecting 

yams have been characterized. .  There is a compelling logic to invest in the prevention 

of a pandemic as opposed to investing in the firefighting control of a pandemic in full 

flow. 

The experience with pandemics on VPC‘s in the last four decades is instructive.  Firstly, 

the disease or pest outbreak was identified quite early but it often took some time to 

recognize the risk presented, to characterize the disease, understand the transmission 

and epidemiology and develop a clear response strategy, and in cases like cassava 

brown streak a viable response has yet to be developed.  CGIAR Centers have sort to 

play a central role in organizing a research effort around the disease to undertake the 

characterization and response plan, often with diagnostic support from Northern 

laboratories and research institutes.  Secondly, the spread of the pest or disease is 

remarkably rapid and international borders act as little check on its spread.  Thirdly, any 

control strategy is in general supported by international public funds, although primarily 

implemented by staff primarily from national agricultural research institutes.  It has 

proven particularly difficult to mobilize government funding to support operational 

resources for the control and management of the pandemic.  At the same time 

international public funding is usually based on bilateral, country-level funding and 

mobilizing funding at a regional level often proves difficult and with little sustainability—

the effort to control cassava mealybug is an important counter example to this general 

trend.  Finally, each pandemic has in many respects required a different approach and 

there is no single template to developing a practical response plan to these pandemics.  

Where the response plan has been based on resistant varieties, as was the case for the 

Ugandan variant of cassava mosaic virus, a campaign approach has generally been 

used in multiplying and distributing the resistant varieties. 

The Great Lakes Cassava Initiative (GLCI) is the most recent effort to respond to a VPC 

pandemic, in this case the continuing spread of the Uganda variant of cassava mosaic 

virus.  This project built on individual country efforts first in Uganda and then in Western 



Kenya, followed by a short term regional effort, the C3P program.  The project focused 

on developing a multiplication and distribution capacity for CMV resistant varieties at 

scale across four countries in the Great Lakes region.  However, in the first year of its 

implementation the broad outline of the cassava brown streak pandemic became 

evident and GLCI has had to manage a seed system for multiplication of CMV resistant 

varieties without exacerbating the spread of brown streak virus5.  A few lessons from 

this experience are pertinent here.  Firstly, there were not nearly enough CMV resistant 

varieties in the breeding pipeline in the region to allow for a robust participatory varietal 

selection process; the number of varieties in each country could be counted on one 

hand.  Secondly, building community-based seed multiplication capacity could not be 

based purely on that function and be sustainable.  Thirdly, developing an effective risk-

based decision-framework to manage the stake multiplication under the CBSV 

pandemic required an integrated research effort within the project, drawing on capacity 

from FERA in the UK for CBSV diagnostics, risk assessment and measuring statistical 

confidence.  Because of the laboratory based application of these diagnostics, an 

increasing amount of the budget was shifted to purely diagnosing the presence of BSV 

in the multiplication source plots.6 

Banana bunchy top virus and an even more virulent form of cassava mosaic virus are 

only two of several potential pandemics that could happen within the near term future, 

probably with a locus in East and Central Africa.  Given the economic costs of these 

outbreaks and given the experience to date with developing a response, a more 

strategic and anticipatory approach could certainly be argued for, if nothing else than to 

draw lessons for future use from the past experience, rather than seemingly beginning 

afresh each time.7  However, this would almost certainly have to be a regional capacity 

and the drivers to develop such a capacity remain fragmented.  In East and Southern 

Africa COMESA developed an initiative to develop a Center for Phytosanitary 

Excellence (COPE) in KEPHIS in Kenya which is currently working towards ISO 1725 

accreditation for the testing of named pest and diseases in plant material.  At the same 

time the East African Community is working on regional seed standards, starting with 

potatoes.  ASARECA, on the other hand, has a program on harmonization of 

regulations on grain seed.  The area of coordinating phytosanitary standards, 

germplasm flow, and seed certification obviously has implications for both trade and 

research protocols.  ASARECA may have more of an advantage in this regard, since it 

can link national research systems at the regional level, where most of the tissue 
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 Note CBSD has, during the course of the GLCI, now been recognised as being caused by two viruses; CBSV and 

UCBSV.  Each of these can be considered a quarantine issue and requiring individual focus. 
6
 In essence the GLCI has 2 cassava health standards, one applied to source material (for further multiplication) and 

the other a QDS applied to tertiary multiplication(for dissemination to farmers). 
7
 An example from Europe upon which to draw good examples is EFSA (http://www.efsa.europa.eu).  To have an 

equivalent body in East Africa looking at African pest risks against the societal context of East Africa would be very 

powerful. 



culture, diagnostics, and quarantine capacity are housed.  However, it should equally be 

recognized that the national mandates for certification and quarantine may reside in 

non-research institutes, such as KEPHIS for Kenya and MAIFF for Uganda.  Thus the 

inclusion of the National Plant Protection Organization as signatory to the FAO IPPC 

treaty is important to a seed system strategy. 

Based on the experience with pandemics to date two sets of functions must be 

organized.  Firstly risk assessment and response planning provide the overall 

coordination, identification of control strategies, and deployment at the front of the pest 

or disease spread.  Given the regional dimensions of such a capacity, ASARECA would 

again be a logical organization within which to develop such a skeleton capacity, which 

would then be expanded in relation to need.  The other area combines the areas of 

surveillance (monitoring the disease spread and understanding genetic structure and 

geographic distribution), diagnostics, and germplasm evaluation and deployment (with 

diagnostics being critical for the latter).  The CGIAR Centers are in most respects best 

able to coordinate this set of activities, as they have done in past pandemics, and in turn 

could draw on regional varietal trials as a first approximation to a control strategy.  They 

would, of course, devolve responsibility at the national level as practicable and draw on 

capacity to develop diagnostics in laboratories best equipped to undertake such work.   

An Interlinked Investment Strategy 

VPC‘s are playing a significant part in the urbanization of African food systems; much 

like potato did historically in northern Europe.   At the same time VPC‘s play an 

important role in ensuring stability and food security in African farming systems.  

Increasing demand for these crops, continued downward pressure on farm size, and the 

increasing evidence for climate change argue for much more research focus on 

sustainable intensification of these crops.  Genetic improvement in VPC crops will play 

a critical role in making these systems more resilient to rapid changes in biotic and 

abiotic constraints and at the same time contribute to making them more productive and 

therefore more competitive in growing urban food markets.  Seed systems for VPC‘s 

provide the vehicle for the delivery of improved varieties, the provision of clean planting 

material, and an effective response to many pandemics.  At the same time sustaining a 

formal seed capacity in VPC‘s has a range of challenges related to the organization and 

cost associated with the three tier VPC seed value chain, that is, the centralized 

multiplication and disease testing capacity usually done through tissue culture, the 

distributed network of ―seed‖ multipliers and nurseries, and the ―fill in‖ provided by the 

informal seed sector.  An investment strategy in VPC seed systems would recognize the 

sub-regional differences in VPC production and value chains, the complementary roles 

of public and private participation in the formal VPC seed value chain, and the need for 

cost effective points of integration between the formal and informal seed sectors, as the 

informal system will continue to dominate in the provision of VPC planting material.    



Sub-Regional Strategies:  Urban demand for VPC‘s is dynamic in West Africa and quite 

different from the other two regions.  Cassava in the form of gari and other processed 

products, yams, plantain, and sweet potatoes are all important elements of both food 

production and consumption systems.  The formal seed system for VPC‘s has been 

based in the public sector, primarily through the IFAD-supported RTIP program.  Yam 

has most potential for private sector entry at both the level of tissue culture and 

secondary seed multipliers.  Such tissue culture capacity could provide periodic 

multiplication of the other three VPC‘s, with particular potential for plantain. 

In East Africa the relative importance of VPC‘s in the farming system varies essentially 

by altitude.  Cassava, East African highland banana, potato, and sweet potato are all 

important in the food economies of these countries, but particularly in the Great Lakes 

region.   Private sector tissue culture capacity is well established in EAHB with potential 

for movement into potato, especially with the potential private sector expansion in 

aeroponic multiplication techniques.  The latter gets over the problem of the difficulty of 

maintaining clean seed in field multiplication.  Pandemics in cassava and EAHB have 

been increasing in the region. 

Southern Africa is much more reliant on grains but cassava and sweet potato play 

important roles in food economies, with apparent increasing demand in urban areas in 

countries like Zambia and Malawi.  There is little potential for private sector investment 

in tissue culture for these two crops and little potential to build on other VPC‘s as in the 

other two sub-regions.  There is potential for community based vine multipliers in sweet 

potato, which in certain areas could be extended to cassava, given the availability of 

improved varieties demanded by farmers.   

Complimentary Private and Public Sector Roles in Formal Seed System:  Plant 

breeding for VPC‘s will remain a public sector activity.  National capacity varies 

significantly across the VPC‘s.  There is no national breeding capacity in sub Saharan 

Africa for potatoes and only Uganda has breeding capacity in Musa.  Sweet potato 

breeding capacity is increasing significantly under SASHA and effectively linked to sub-

regional population development focused on key constraints in those agroecologies.  

Yam breeding in West Africa depends on seed from crosses made at IITA and delivered 

to national programs for evaluation and selection.  Cassava breeding capacity at 

national level is the most widespread and is being strengthened by AGRA investments.  

These programs also evaluate breeding material from IITA.  Breeding is a primary driver 

in the formal seed system for cassava and sweet potato, whereas clean, quality seed is 

a primary determinant in the tuber crops, yam and potato, and to a certain extent in 

Musa.  For the latter three, tissue capacity is critical whereas for the root crops, virtually 

all seed multiplication takes place under field conditions and where the organizational 

constraint revolves around the network of vine and stem multipliers.  For the tuber crops 

and Musa, the public-private sector interface is principally at the point of production and 



access to tissue culture material, with the public sector continuing to provide much of 

that capacity but with increasing potential for private sector entry, as demonstrated in 

East Africa.  For the root crops, the public sector dominates and the interface is 

primarily at the level of the community based seed multipliers, essentially involving 

collective action in the informal seed sector. 

Linkages between Formal and Informal Seed Systems:  For all VPC‘s the link between 

the formal and informal seed system is made at the level of the small producers or 

community groups that multiply material coming through the formal system.  For each 

VPC there are a particular set of skills that are required, some investment in 

infrastructure, especially for rapid multiplication techniques, and the need for a 

distribution capacity, all of which leads to a significant degree of specialization in seed 

multiplication and quality assurance.  In general the linkage entails aspects of capacity 

building and training, micro-credit, formalization of germplasm flows, and QDS protocols 

provided by the formal sector to the informal sector.  For Musa this involves hardening 

of tissue culture plantlets, for yams and potatoes the management of mini-tubers and for 

cassava and sweet potato management of different varieties.  For cassava and sweet 

potato ensuring local adaptation and superior performance of introduced clones is 

critical and this may involve earlier linkage with the formal evaluation and selection 

process. 

Investment Priorities by Individual Crop 

Cassava:  Compared to other VPC‘s cassava receives the lion‘s share of breeding 

resources and yet the formal seed system for cassava is least developed compared to 

the other VPC‘s.  Breeding programs take little ownership of the seed issue, and 

programs for varietal multiplication, outside of Nigeria, have been externally funded and 

involve a temporary, campaign approach to varietal multiplication and distribution.   At 

the same time, there is little incentive for private sector entry in foundation seed and 

primary multiplication, implying a public sector role if there is to be any effective return 

on investment in plant breeding.  These circumstances would argue strongly for the 

integration of seed activities into national cassava research programs and for an 

evaluation of alternatives of how most cost effectively this could be done.  The three 

alternatives are participatory breeding, participatory varietal selection together with 

community seed multiplication, or foundation seed multiplication on station with 

development of a network of community seed multipliers, with the sustainability of the 

latter dependent on the flow of improved varieties.  The counterfactual would be 

continuing dependence on campaign approaches, most often driven by disease 

pandemics or large processing investments, such as the starch factory in Ghana, and 

the best counterfactual would be GLCI. 



Sweet Potato:  The SASHA program provides an example of seed activities integrated 

into a breeding program.  There is already work underway that is testing the efficacy of 

alternative organizational models for vine multipliers.  At the same time on-farm 

multiplication techniques to get over the dry season period are also being developed.  

Some testing of participatory breeding would be useful as a comparison to the usual 

varietal release and foundation seed system.  How seed strategies get integrated into 

national sweet potato breeding programs will be a future issue, as new varieties start to 

come on line.  Sweet potato also has the potential of seed multiplication to be integrated 

into food-based nutrition programs, drawing on other public sector capacity. 

Yam:  The yam seed system in West Africa has had little study but initial work by DFID 

and the recent yam value chain study in Ghana suggest significant potential for private 

sector investment.  Moving toward a more integrated formal seed system for yam will 

require more research on diagnostics for principal yam viral diseases, optimization of 

mini-tuber production from tissue culture material—potentially with aeroponics--, and 

organization of and training in quality standards for commercial seed producers.  At the 

same time, there needs to be a more detailed evaluation of the vine multiplication 

technology, which has still yet to be optimized, with the tissue culture alternative.  All of 

this can in turn be integrated with further support for a sub-regional breeding network, 

as is being developed in the yam proposal.  A system for quality assurance in yam seed 

still remains to be developed and whether this is best done through a public sector seed 

certification scheme—which is difficult to implement across a large number of small 

commercial growers—or is developed as a necessary condition of maintaining and 

competing in the seed market. 

 Across VPC Investment Priorities 

 Economic evaluation of farmer’s willingness to pay in comparison to costs of seed 

production and distribution:  A critical question in the design of seed systems for VPC‘s 

is where in the supply chain there are potential profit centers and potential for private 

sector entry.  However, there are virtually no economic studies of current and 

prospective value chains for VPC ―seed‖, with the recent yam value chain study being 

an example of the results that can be derived from such studies.  This will involve an 

assessment of farmer willingness to pay for clean seed (and accompanying 

degeneration studies) and for improved varieties, particularly if a market price is not 

already established.  Associated with this will be some understanding of when on-farm 

multiplication eliminates the associated scarcity price.  This price must then be 

compared to the costs of production and distribution of alternative supply chains, 

running from tissue culture to rapid multiplication techniques at nursery level. 

Sub-Regional Networks of Tissue Culture Producers:  Tissue culture is a key capacity in 

the formal seed system for most VPC‘s.  There is increasing investment by both the 



public and private sectors in such capacity, and yet information on protocols, virus 

indexing, working with recalcitrant clones, and other techniques necessary for efficient 

operation are not widely shared.  Moreover, inoculation of endophytes and other 

microorganisms such as mychoriza has shown great promise in initial establishment 

with problems in accessing such inoculums.  Such a network would support the 

development of new capacities, and could be a basis for loan guarantees for new 

entrants.  Finally, a well functioning network could rationalize unexpected, large orders 

for material and could provide a self-regulatory, oversight function on disease quality 

and off types. 

Multi-location testing and PVS:   Trialing systems for VPC‘s are rudimentary at best, 

partly because of cost, of land size requirements, and the limited number of varieties 

that can be tested.  At the same time the existing data does suggest a significant GxE 

interaction and little understanding of the agro-ecological differentiation needed in 

organizing breeding programs.  There is need for both better design and implementation 

of trialing systems for VPC clones.  These could be integrated with a participatory 

varietal selection capacity, allowing both a better understanding of phenotypic response 

in these crops as well as improved targeting of traits to representative farmer 

households. 

Rethinking varietal release and seed certification for VPC’s:    Given that genetic purity 

is not an issue and that adaptation is not effectively tested in performance trials, the 

varietal release procedures that have been developed for grains, have little relevance 

for VPC‘s and actually retard genetic improvement in these crops.  Similarly, seed 

certification for VPC‘s is primarily based on knowing the disease status of the planting 

material.  At the level of tissue culture production, these standards must be quite high, 

given the high rates of multiplication and the potential quickly disseminating disease 

across a large area.  At the level of the seed multiplier, less stringent procedures are 

practical, both from the point of view of implementation and the cost of diagnostics, as 

well as the limited spatial distribution of the material. 

Regional Platform for Plant Health: Risk Analysis, Surveillance and Response 

Capability:  The potential for further pandemics in VPC‘s in sub-Saharan Africa are 

significant, particularly in East and Central Africa.  Investment in the activities above 

would help to buffer the informal seed system from such biotic shocks and would 

significantly improve both response time and capacity.  Nevertheless, an enhanced 

regional capacity in risk analysis, surveillance, and response capability would aid in 

managing such pandemics in a more coordinated and effective manner than has been 

possible in the past.  The opportunity to link the diagnostic capability, which would be 

housed with the surveillance activity, to breeding/certification schemes may provide 

greater institutional coherence and financial sustainability in provision of diagnostic 

services. 
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