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Foreword

As African agriculture is transforming from subsistence farming to more market- 
led systems and small producers generate food surpluses to sell, products must 
meet market demand. Success in demand-led breeding depends on: the set-
ting of breeding targets and quantitative goals; new varieties reaching and 
fulfilling client expectations; a development strategy designed for each new 
variety; a delivery investment plan being in place; and emphasis given to the 
views of both farmers and consumers from rural and urban areas. Success in 
demand-led plant breeding will be determined by the adoption and use of the 
new varieties that meet the market-led demands throughout crop value chains.

An Alliance for Food Security in Africa that was formed by the Australian 
Centre for International Agricultural Research, the Crawford Fund, Australia 
and the Syngenta Foundation for Sustainable Agriculture has joined with 
African, Australian and international research institutes and universities in con-
tributing towards the transformation of African agriculture in the area of crop 
improvement. The first project supported by this Alliance is on ‘Demand-led 
Plant Variety Design’ in order to advocate more emphasis on the identification 
and inclusion of market-demanded characteristics in the design of new plant 
varieties. The participants, both in Africa and internationally, are identifying 
and sharing best practices in demand-led plant breeding from both private and 
public sector breeding programmes in a range of tropical crops. These best 
practices will be taught to the next generation of African plant breeders through 
the continent’s universities in order to ensure a greater uptake of improved 
varieties, enhanced livelihoods for farmers and food security across Africa. 
The project is administered by the Global Change Institute of the University 
of Queensland, on behalf of the Alliance. The members of the Alliance thank 
the University of Queensland, particularly Professors Ove Hoegh-Gulberg, 
Director and Karen Hussey, Deputy Director of the Global Change Institute 
(GCI), Professor Bill Bellotti and Dr Grace Muriuki of the CGI Food Systems 
Program for their support and contributions to the Demand-led Plant Variety 
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Design Project. The support of Dr Andrew Bennett and of the Doyle Foundation, 
Scotland, in the preparation of this volume is also gratefully acknowledged. The 
advice of Dr Joe DeVries was particularly helpful in establishing the project.

An early outcome of the Project is this handbook – The Business of Plant 
Breeding: Market-led Approaches to New Variety Design in Africa. It is the re-
sult of the work of an educators’ group of plant breeders from national, re-
gional and international research institutes and universities throughout Africa 
that have responsibilities for postgraduate education and the professional de-
velopment of plant breeders, supported by plant breeders with private sector 
breeding experience.

The members of the Alliance would like to thank the members of the 
educators’ group, particularly the West African Centre for Crop Improvement 
(WACCI) of the University of Ghana who convened the Pan-Africa educators’ 
group, and the African Centre for Crop Improvement (ACCI) of the University of 
KwaZulu-Natal South Africa and Biosciences eastern and central Africa (BecA) 
at the International Livestock Research Institute in Nairobi, Kenya, who coordin-
ated activities in southern and eastern Africa, respectively. We further thank all 
of the members of the educators’ group who are listed on the Contributors page 
and who have lent their experience to the work of the group and written the 
specialist chapters that are included in this book. We are grateful to Syngenta 
Seeds for enabling Dr Heather Merk to participate as a resource person for the 
educators’ group and to contribute her experience in the professional develop-
ment of plant breeders.

We would also like to thank Syngenta Seeds and Market Edge for kindly 
making available a state-of-the art interactive education tool for designing new 
varieties, and Syngenta Seeds for their insights and their education tool for 
understanding and creating new variety breeding investment cases.

We trust that this book will prove useful in both the formal postgraduate 
education of plant breeders and in their continuing professional development, 
not only in Africa, but also on other continents, where agriculture must trans-
form to meet new challenges and to respond to emerging markets, as well as 
the challenges of ensuring food security, changing climate and evolving con-
sumer preferences.

Denis Blight
Chief Executive

The Crawford Fund
Canberra, Australia

Marco Ferroni
Executive Director

Syngenta Foundation for Sustainable Agriculture
Basel, Switzerland

Mellissa Wood
General Manager, Global Program

Australian Centre for International Agricultural Research
Canberra, Australia



Executive Summary

ViVienne M. Anthony1* And GAbrielle J. Persley2†

1Syngenta Foundation for Sustainable Agriculture, Basel, Switzerland; 2Global 
Change Institute, University of Queensland, St Lucia, Australia and The Doyle 
Foundation, Glasgow, UK

Introduction

Demand-led plant breeding combines the best practices in market-led new 
 variety design with innovative plant breeding methods and integrates both of 
these with the best practices in business as a new way of approaching the busi-
ness of plant breeding to deliver benefits.

The Business of Plant Breeding is the result of a study on demand-led plant 
variety design for changing markets in Africa, the purpose of which is to iden-
tify and share best practices in demand-led plant breeding from private and 
public sector breeding programmes worldwide. The intended audiences are 
professionals in plant breeding and related areas, such as seed production, 
who have interests in developing and disseminating new plant varieties as a 
way to increase productivity and profitability in crop agriculture, especially in 
Africa. The volume is also intended for use as a resource book for the educa-
tion of postgraduate scholars in plant breeding and genetics, and for the con-
tinuing professional development of plant breeders. For this purpose, boxes are 
included in the main sections of each chapter that summarize its educational 
objectives and present the key messages and questions that are involved; in 
addition, there is a final box at the end of each chapter that summarizes its 
overall learning objectives. As noted in the Contents list, the book is also ac-
companied by open resource e-learning materials for each chapter.

*E-mail: Vivienne.anthony@syngenta.com
†E-mail: g.persley@doylefoundation.org
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Overview of demand-led plant breeding

There are three principles that drive success in demand-led breeding: (i) a target- 
driven approach; (ii) a demand-led variety development strategy; and (iii) per-
formance indicators to measure progress towards the adoption and widespread 
use of new plant varieties.

 1. Target-driven approach. Demand-led breeding is target driven. Emphasis is 
placed on quantitative goal and target setting in order to enable improved var-
ieties to reach the clients for whom they are designed and to fulfil client expect-
ations. In demand-led breeding, this target-driven approach is exemplified by 
the following best practices:
• Variety design: a detailed list of traits with quantified levels of performance 

is defined to enable comparison with existing varieties before line progres-
sion can take place.

• Client quantification: numbers of farmers, their locations, market segments 
and targeted clients in value chains are quantified at the outset of the 
breeding project.

• Variety adoption: target levels are set for adoption by farmers and moni-
tored for success. Variety registration is important to enable farmers to ac-
cess a new variety.

• Development stage plan: a time plan of activities to generate the data re-
quired to make line progression decisions is created before the start of the 
breeding project. The timing of inputs by clients and managers in making 
these decisions is determined as part of the stage plan, and the stage gates 
that are the critical decision points are identified.

 2. Demand-led variety development strategy. A demand-led variety devel-
opment strategy is designed for each new variety and includes all of the 
‘what’, ‘why’, ‘who’, ‘when’ and ‘how’ components. The strategy contains a 
stage plan for line progression decisions, together with a set of development 
activities and an investment plan for delivery. Monitoring, evaluation and 
learning (M&E&L) is an integral part of the project delivery plan. A set of key 
performance indicators (KPIs) are included in the strategy as targets for 
evaluation. This strategy and its components are used as the baseline for all 
M&E&L work.

The quality of the strategy is determined by: (i) visioning, foresight and 
investigative market research to identify new market opportunities and client 
demand; (ii) engagement with clients to seek their feedback at key decision 
points in the stage plan – from new variety design through to post-release var-
iety impact evaluation; (iii) ensuring policy coherence and alignment with the 
country’s national priorities and the enabling policy environment; (iv) realism 
in determining the costs, benefits and appropriateness of the investment in the 
breeding programme; and (v) well-designed, technically feasible operational 
plans for the creation and delivery of each new variety that serves clients in 
particular market segments and/or agro-ecological zones.
 3. Performance indicators to measure success. The level of engagement and 
emphasis placed on the views of clients on the performance and use of new 

xii V.M. Anthony and G.J. Persley



varieties is much higher in demand-led breeding than in other breeding ap-
proaches. The success of a new variety and its KPIs are determined by the opin-
ions on, demand for and use of the new variety by farmers and clients within 
the crop value chains.

Successful demand-led breeding programmes satisfy end-user demand and 
are highly dependent on the assumptions formed during investigative research 
and collaboration with clients and stakeholders along the value chain. These 
assumptions form the strategic pillars for monitoring, evaluation and learning 
during the development, release and adoption of new varieties by farmers. The 
required engagement with clients and value-chain stakeholders, and the cre-
ation and delivery of a variety development strategy and stage plan will require 
discussion and approval by senior management. Ultimately, a breeding project 
should be evaluated in terms of:
• Meeting trait performance targets: how close is the performance of the new 

variety to the benchmark variety design/specification/targets set at the prod-
uct profile/concept stage (as determined using visioning/forecasting methods, 
market research and inputs from clients in the value chain)? Specifically, 
were the genetic improvements required for each of the traits delivered?

• Satisfying clients’ needs: does the new variety satisfy clients’ needs and 
market demand? Is it preferred to older varieties? Has it been adopted by 
the target numbers of farmers for whom it was designed?

• Impact: does the variety create the economic, social and environmental 
impact at the individual, household and community level that was defined 
in the benefits case that was used to justify the investment in the breeding 
project. Ex post impact can be assessed only several years after varietal 
 release.

How does demand-led variety development add value to current 
practices?
• Development strategy. Demand-led breeding takes an integrated approach 

to new variety development. It requires a comprehensive analysis that asks 
the following questions. Who are the targeted clients? What are their needs 
and how may these change? What are the technical and regulatory elem-
ents of plant breeding? How long will the development plan take? How 
will the new variety reach the targeted clients and will their requirements 
be satisfied?

• Measuring success. Success is measured by satisfying the demand encap-
sulated in the product profile and by feedback from farmers and other cli-
ents in the value chain on product performance and variety adoption. This 
requires a comprehensive strategy involving: the delivery of new variety 
design and variety creation, registration and release of the variety; client 
awareness building; seed distribution to farmers; and performance and 
adoption monitoring.

• Development stage plan. Demand-led breeding requires a stage plan to be 
created with transparent time points and timelines for data review and ger-
mplasm progression decisions that involve the participation of key clients 
in the value chain. This helps to maintain clients’ commitment to new 

 Executive Summary xiii



xiv V.M. Anthony and G.J. Persley

 designs, enables joint problem solving, manages expectations and stimu-
lates demand for the new varieties.

• Development planning. Demand-led breeding creates more complexity be-
cause of the broader range of client involvement, trait targets and perform-
ance testing. Therefore, to counteract potential delays, greater emphasis is 
placed on the development by breeders of professional planning skills, as 
well as an understanding of critical paths and risk mitigation  strategies.

• Participatory breeding. Demand-led breeding includes, but goes beyond, 
farmer participatory breeding. It puts more emphasis on regularly consult-
ing and understanding the needs and preferences of all clients and stake-
holders in a crop value chain. This involves seeking information from farm-
ers and consumers in both rural and urban areas through participatory 
appraisal methods.

• Consultative processes. Consultation is a continuous requirement through-
out the whole of the variety development process, registration and launch, 
so that a new variety not only supports farmers’ requirements for crop 
productivity and sufficient food for home consumption, but also ensures 
that production surpluses can enter markets. A development stage plan that 
includes developing shared ideas and joint decision making with stake-
holders in the value chain is critical for success.

• Variety design and benchmarking. Demand-led breeding places more em-
phasis on the systematic, quantitative assessment of varietal characteristics 
and on creating product profiles with benchmarks for varietal performance 
and line progression. Consumer-demanded traits are also given more import-
ance. Variety design requires prioritization among the many traits desired by 
farmers, processors, seed distributors, transporters, retailers and consumers.

• Registration standards. Early contact with registration officials is required 
at the variety design phase, well before a potential new variety is ready to 
enter official registration trials. Thus, at an early stage, there is need to val-
idate designs, agree standards for consumer-based traits and create interest 
in the new variety by officials, as these may accelerate the timelines to de-
livery of the demand-led varieties.

• Benefits and business cases for investment. Greater emphasis is placed on 
analysing and creating compelling business cases for new variety develop-
ment. This is done by identifying and communicating the full breadth of the 
quantitative and qualitative economic, social and environmental benefits 
for clients and stakeholders that are likely to arise from investing in 
demand-led plant breeding programmes.

Key Elements of Demand-led Plant Variety Design

Principles of demand-led plant variety design

Chapter 1 (by Paul Kimani) discusses the status and challenges of agriculture 
in Africa and ways of transforming the agricultural sector into a modern, com-
mercially oriented sector within the countries of Africa. The chapter reviews the 
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adoption of new plant varieties; on average, there has been 35% adoption of 
modern varieties for many food crops across sub-Saharan Africa over the past 15 
years (Walker and Alwang, 2015). This contrasts with about 60% adoption of new 
varieties in Asia and 80% in South America. The low adoption rates in Africa are 
attributed to a range of micro- and macro-level factors, including the availability 
of seed and access to credit, as well as acceptance by farmers and consumers.

The chapter identifies the key principles of demand-led variety design, and 
discusses how it differs from and complements other approaches, its relation-
ship to innovation systems and value chains, the role of public policy and social 
dimensions in demand-led design, and the benefits and risks of implementing a 
demand-led breeding programme. It also defines the role of the plant breeder 
and the rationale for breeders to adopt more demand-led variety design, in-
cluding in setting breeding goals, trait trade-offs and measuring progress.

Demand-led approaches – ten key points
• Understanding clients. Understanding clients is central to demand-led var-

iety design and increasing the adoption of new varieties: Clarity is required 
on: who the clients are, what factors influence their buying decisions, and 
the needs, preferences and problems of each client.

• Farmer adoption. Demand-led approaches should increase the likelihood 
of new varieties being adopted by farmers.

• Value chains. Demand-led approaches build on and go beyond farmer par-
ticipatory breeding. They include consultations not only with farmers but 
with all clients and stakeholders along the whole crop value chain.

• Urban and rural consumers. Breeders must consider needs and preferences 
of consumers living in both rural and urban environments. Rapid (rural and 
urban) appraisals can be extended to gathering information not only from 
farmers but also from consumers and clients who live in towns and cities.

• Markets and client segmentation. Breeders need to understand markets 
and client segmentation to be able to prioritize their breeding targets.

• Market research and intelligence gathering. Market research at the start of 
a breeding programme needs to be complemented with continuing con-
sultations with stakeholders at key decision points along the development 
stage plan from new variety design to post-market release.

• Breeding entrepreneurship. This can contribute to economic growth, better 
livelihoods for smallholder farmers and increased food security. Improved 
varieties can change lives.

• Market creation. To maximize market creation and nurture innovation, a 
balance is required between using demand-led approaches and enabling 
new technologies to drive innovations. Both approaches have value and 
they complement one another.

• Role of the plant breeder. Plant breeders do much more than making 
crosses and leading selection programmes. A breeder must also be an inte-
grator of inputs and be able to assimilate information and incorporate a 
broad range of views, including those of non-technical experts. This re-
quires assimilating data, looking at its implications and making decisions 
based on information from diverse areas, such agricultural economics, 
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markets and market research, as well as from the core scientific functions 
for breeding.

• Breeding experience. Demand-led approaches retain emphasis and place 
value on the breeders’ eyes and experience in assessing germplasm.

Visioning and foresight for setting breeding goals

Chapter 2 (by Nasser Yao, Appolinaire Djikeng and Jonathan Shoham) focuses 
on the skills and methodologies necessary to understand the changes taking 
place in Africa’s food and agricultural production. It describes how to use 
foresight to anticipate future demand and incorporate these findings into new 
variety designs. It provides a holistic approach to: (i) analysing the current agri-
cultural landscape and challenges in Africa within a context of market supply 
and demand; (ii) understanding the drivers of change and their predictability; 
and (iii) using the methodology of social, technological, economic, environ-
mental and policy drivers (STEEP analysis) and risk mitigation to create scen-
arios and validate new variety designs.

How does demand-led variety design add value to current breeding 
practices?
• Future demand. Demand-led variety design focuses on understanding 

market requirements and predicting demand in the 5–10 year period after 
a new variety is released.

• Visioning and forecasting. Best practices for the visioning and forecasting 
that is applicable to demand-led variety design offer new approaches to 
add value to current postgraduate and professional development pro-
grammes for plant breeders.

• Risk analysis. Risk analysis considers the uncertainty of future scenarios 
and the effect that drivers of change can have on future demand.

Forecasting future landscapes
• Changing demand over time. Foresight analysis is needed to assess for whom 

the variety is being designed and whether the clients’ needs and preferences 
will change over the projected timetable for varietal release to farmers.

• Predicting the future. The use of STEEP driver analysis and scenario-based 
methods can help to predict the future better, avoid creating redundant var-
ieties and build confidence in plant breeding programmes among invest-
ors, governments and R&D managers.

Integrating foresight into new variety design
• Best practices. Foresight methods are used to review existing variety de-

signs that are being developed and also as a starting point for the creation 
of new designs. Both approaches are valid. Every trait characteristic in each 
product profile should be analysed and a decision taken on whether the 
trait and its benchmark are likely to remain relevant for the intended users 
over the time required for variety development.
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• Risk management. Risk analysis and mitigation is an essential procedure 
for testing the long-term viability of demand-led designs. Decision points 
are required in the stage plan and the spreading of risk needs to be con-
sidered (e.g. understanding the benefits and costs of maintaining many bio-
logically diverse germplasm lines).

Understanding clients’ needs

Chapter 3 (by Pangirayi Tongoona, Agyemang Danquah and Eric Danquah) en-
ables breeders to: (i) define clients and stakeholders; (ii) understand the various 
categories of clients (including seed distributors, farmers, processors, traders, 
retailers, marketers and consumers) and their activities in value chains; (iii) 
identify market segments and their importance in determining the number of 
new varieties required; and (iv) understand the different types and methods of 
market research and the best practices for obtaining the information required to 
design new, ‘fit-for-purpose’ varieties from clients and stakeholders.

How does demand-led breeding add value to current breeding practices?
• Client focus. Breeding goals and objectives are set based on what clients 

want and need without bias towards either what technology can offer or a 
specific focus on individual trait improvement.

• Value chains. Greater understanding is required about the structure of crop 
value chains, and the buying and selling factors of different clients and 
their relative priority, when setting new variety designs.

• Dual-purpose varieties. A new variety not only supports the farmers’ re-
quirements for crop productivity and home consumption, but also ensures 
that surplus crop production can enter markets with cash returns to all of 
the value chain participants.

• Market research. Stronger emphasis is given to gathering unbiased, reli-
able and independent information on clients’ needs and preferences.

• Market and business knowledge. Breeders require greater knowledge 
about crop uses, markets and the ‘business/economics’ of breeding.

Clients within value chains
• Understanding clients. This is central to demand-led variety design, release 

and adoption. It is essential to be clear on who the clients are and what 
affects their buying decisions.

• Value chains. Breeders need to understand value chains and the relative 
importance of different clients in the chain and their requirements within 
each new variety design.

• Different clients. Value chain clients have different requirements and not 
all of these requirements can always be satisfied with the same variety, es-
pecially when there are specialist properties required for processing. 
Breeders should have regular contact with clients in all parts of the value 
chain and involve them in new variety design.
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• Client location and scale. The geographic location of clients is important, as 
is the question of whether the benefits and values of new varieties are also 
applicable for potential clients across national borders. The analysis of 
agro-ecological zones should be given particular attention. The more clients 
that can benefit from each new variety, especially when it can have mul-
ti-country impact, the better the investment case for a breeding programme.

• Seed system development. For the development of seed systems, i.e. the 
means by which seeds are produced and obtained, and for improved seeds 
to reach farmers, especially in remote locations, distributors require port-
folios of ‘fit-for-purpose’ varieties. Portfolios of new varieties are also re-
quired for market creation, growth and business sustainability.

• Public and private sector roles in seed supply. Public sector breeding pro-
grammes are the initial source of new varieties to serve clients and value 
chains with food security crops that are currently not commercial (export) 
crops. In the longer term, developing the local private sector seed business 
is a more sustainable strategy for both food security crops and commercial 
(export) crops.

New variety design and product profiling

Chapter 4 (by Shimelis Hussein) aims to enable participants to design new crop 
varieties that will achieve high adoption rates because their varietal character-
istics serve the needs and preferences of farmers, processors, consumers and 
other stakeholders in the crop value chain.

How does demand-led variety design add value to current breeding 
practices?
• Variety design and benchmarking. Stronger emphasis is placed on the sys-

tematic quantitative assessment of varietal characteristics and the creation 
of product profiles with benchmarks for varietal performance and line pro-
gression. Consumer-demanded traits are recognized as being as important 
as production traits. This requires a greater strategic prioritization of traits 
among the many traits that are required by farmers, processors, seed 
 distributors, transporters, retailers and consumers. This may involve the de-
velopment of different varieties for different segments of the value chain.

• Competitor product profiling. This requires analysis of the characteristics 
of current commercial varieties and landraces as grown by farmers, and of 
their differentiating characteristics at every stage in the value chain from 
seed production to farmers, processors, transporters, retailers, food com-
panies and consumers.

• New variety design. A detailed product profile is created that contains 
many traits and characteristics (typically more than 40) with performance 
benchmarks that are used to create breeding objectives. Current practices 
often focus on a much smaller number of farmer requirements that are well 
understood, but are not discussed or agreed with other stakeholders in the 
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value chain. Demand-led approaches put more emphasis on combining 
consumer-based traits with farmer requirements to drive adoption.

• Quantitative benchmarks. For each trait, a target quantitative benchmark is 
set for line progression for variety release, rather than the common proced-
ure of deciding on a defined number of years for annual selection and pro-
gressing the best performing lines at the end of the term for registration.

• Trade-off decisions. A decision-making process is used that takes into ac-
count client needs, technical feasibility and a range of other practical and 
fiscal considerations. Active and inclusive decision making is core to 
demand-led breeding. A prioritized list of traits and of the final new variety 
design that is used to set the breeding goals is discussed and agreed with 
clients and stakeholders before breeding work commences.

Variety design
• Product profile. A specific product profile is required for each segment of 

clients that a new variety is intended to serve. Each product profile com-
prises a defined set of prioritized traits.

• Communication. A consistent format should be used for product profiles so 
that they are easy to compare and communicate to clients, plant breeders, 
scientists, managers and other stakeholders.

• Validation. Each new product profile should be tested with clients and the 
assumptions that have been made about acceptability validated before 
major investment is made in a breeding programme.

• Market research data. Qualitative and quantitative data from early discus-
sions with farmers and clients in the crop value chain should be used to 
create product profiles and make decisions on breeding objectives.

• Adoption tracking. Breeders should consider at the variety design stage 
how adoption tracking will be done (e.g. phenotypic versus genotypic 
markers) and build these markers into the variety design.

• Breeding goals. Validated product profiles that comprise a predefined, in-
tegrated and prioritized set of traits should drive the setting of breeding 
goals and objectives, rather than single traits.

• Forecasting requirements. Breeders need to decide how long it will take to 
develop their new variety and then use scenario-based techniques to re-
view the applicability of their designs on this time frame.

Setting standards
• Breeding objectives. Clear, quantified breeding objectives with perform-

ance indicators are essential.
• Benchmarks. Each trait in a product profile should be quantified and meas-

urable versus a defined performance benchmark that needs to be achieved 
to ensure registration and future adoption by farmers, and based on the 
performance of a popular variety or landrace.

• Bioassays. Performance must be measurable with ‘fit- for-purpose’ assays.
• Variety registration requirements. This process must be understood at the 

design phase and early discussions held with officials, particularly when 
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the design includes consumer-based traits, markers for variety identifica-
tion and the monitoring of trait performance assessment (e.g. nutrition, 
seed certification).

• Seed production and scaling. Key design parameters are how easily 
seed multiplication can be scaled and the size of the associated costs. 
These factors need to be taken into consideration at the variety design 
stage so that the future demand for seed can be satisfied. Seed produc-
tion costs can make the difference between a variety being commer-
cially viable or not.

Variety development strategy and stage plan

Chapter 5 (by Rowland Chirwa) addresses the following five issues in variety 
strategy development and stage planning:
• New variety development strategy. A new variety development strategy 

requires the ability to create a de novo demand-led strategy as a key com-
munication document.

• The development stage plan. Stage planning and decision making need a 
clear understanding of the key components and benefits of a demand-led 
development plan that contains critical decision points (stage gates) and 
lists the information needed for line progression. The stage plan includes all 
of the required activities and timelines to create new varieties of the target 
crop, together with clarity on by whom, when and how decisions will be 
taken on line progression.

• Timelines and critical paths. These entail an understanding of the value of 
organizing the activities required for developing demand-led varieties into 
an optimized plan and of how to determine the critical path sequence and 
conduct critical path analysis.

• Risk management. The implementation of risk mitigation measures reduces 
the likelihood of delays and ensures that outputs are delivered on time.

• Variety registration. Registration necessitates an understanding the re-
quirements and timescale required to register a new improved variety for a 
crop in a country or region, and an engagement with variety registration 
officials to ensure that registration procedures are able to address market- 
and consumer-demanded traits.

Monitoring, evaluation and learning

Chapter 6 (by Jean Claude Rubyogo and Ivan Rwomushana) aims to enable 
breeders to design, integrate and implement plans that demonstrate best prac-
tices in M&E&L in their demand-led breeding programmes, including setting 
targets based on KPIs. It encourages breeders to reflect on what they consider 
success will look like, in terms of both their demand-led breeding programme 
and their own professional performance. It focuses on the core principles of 
demand-led variety design and best practices in M&E&L, and involves clients 
in the demand-led process and the setting of KPIs. It also covers the importance, 
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challenges and methods for post-release monitoring of the adoption of new var-
ieties by farmers and other value-chain clients.

Performance benchmarking
• Monitoring and evaluation. To be successful, demand-led breeding pro-

jects require the implementation of best practices in project management, 
including planning, monitoring, evaluation and learning, from the new var-
iety design and project initiation stage through to variety release, wide-
spread use and the eventual discontinuation of the variety.

• Demand-led strategy and stage plan. The strategy and stage plan for each 
new variety design provides the framework, targets, plan and assumptions 
for all M&E&L activities. Here, the stage gates provide the review points for 
evaluation and learning.

• Clients and stakeholders. Engaging key clients in the value chain in the forma-
tion of the development strategy and the M&E&L process is essential. Specif-
ically, in new variety development projects, key clients should be consulted 
and involved in decisions at the following stage gates: (i) the decision to invest 
in the new plant breeding project; (ii) the choice of lead lines to be developed 
and scaled up; and (iii) the release of the new variety. This engagement will 
increase the ownership of new varieties and ensure longevity of demand.

• Key performance indicators. Purposely tailored KPIs should be included in 
the development strategy to support and encourage the delivery of demand-led 
plant breeding goals and objectives. Institutional and breeder performance 
measures may vary and any conflict of interests should be  resolved at an 
early stage with the institutions’ research leadership and management.

Variety adoption and performance tracking
• Rationale and benefits. Variety adoption and performance tracking enables 

an understanding of the significance of variety adoption assessment and its 
links to breeding programmes.

• Responsibility and funding. The adoption of new varieties needs to be as-
sessed after their release, and this involves both determining who is respon-
sible for tracking adoption and whether the breeding programme will re-
quire additional funding to enable this post-release tracking.

• Methods and technology. The use of phenotypic markers or of other low-
cost, modern molecular technology should be considered to enable the 
more effective tracking of new varieties after release.

• Variety adoption tracking. Government officials and investors need to sup-
port variety adoption tracking with additional finance, resources, best prac-
tices and transparency, and the encouragement of plant breeders and their 
clients in the value chain, as such tracking is a means to improve the future 
performance of the breeding programme.

The business case for new variety development

Chapter 7 (by Rowland Chirwa) describes the elements necessary for plant 
breeders to be able to create a compelling case for investment in demand-led 
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plant breeding to put to research and development (R&D) managers, govern-
ment officials and financial investors. This includes identifying the benefits 
and intended beneficiaries of a proposed new breeding programme or project, 
understanding the principles of return on investment, and clarifying whether 
the investment in demand-led breeding can be justified in terms of the likely 
economic, social and environmental benefits versus the costs of developing a 
new variety.

Benefits and investment cases
Greater emphasis is placed on analysing and creating compelling business 
cases, by identifying and communicating the full breadth of quantitative and 
qualitative economic, social and environmental benefits that will become 
available for clients and stakeholders by investing in the proposed demand-led 
plant breeding programme. The critical issues are:

• Creating a compelling business case. It is critical to understand the clients 
to be served by a plant breeding programme as the basis for creating new 
varieties that have benefits for all of the clients in the value chain and that 
deliver an attractive return on investment. A broader and deeper under-
standing of the range of costs necessary to develop demand-led varieties is 
also required. These are the essential elements to create business invest-
ment cases that are persuasive to government officials, to private and pub-
lic investors and to other stakeholders in order to secure and retain support 
for a demand-led breeding programme.

• Making a clear investment case. Clarity is required on the rationale and 
justification for proceeding with a demand-led breeding programme. In-
vestment cases are always assumption based. The quality of the case comes 
from detailed analysis of the benefits and performance assumptions, in-
cluding questioning their probability and understanding their sensitivity to 
factors such as the level of farmer adoption, choice of varieties available 
and changing variety development costs.

• Communicating an investment case. Creating a compelling investment case 
that is understandable and persuasive to government officials, investors and 
stakeholders is critical to be able to secure and retain support for a 
demand-led breeding programme.

• Return on investment. Governments, R&D managers and investors 
need to appreciate that breeding programmes can provide a return on 
investment rather than the investment being seen only as a budget cost. 
Managers need to encourage an investment decision-making culture ra-
ther than a budget spending culture within breeding programmes. This 
can be achieved by tracking the adoption of and benefits that accrue 
from new varieties rather than just monitoring the number of varieties 
that have been developed by the breeding teams and are registered for 
release.

• The business of plant breeding. Demand-led breeding combines the best 
practices in market-led new variety design with innovative breeding 
methods and integrates these with the best practices in business.



  Executive Summary xxiii

Reference

Walker, T. and Alwang, J. (eds) (2015) Crop Improvement, Adoption and Impact of Improved 
Varieties in Food Crops in Sub-Saharan Africa. CGIAR Consortium of International 
Agricultural Research Centers, Montpellier, France and CAB International, Wallingford, UK.





© CAB International 2017. The Business of Plant Breeding (Eds G.J. Persley and V.M. Anthony) 1

Executive Summary and Key Messages

Objectives

 1. To understand the current status and challenges facing African agriculture.
 2. To review modern variety adoption in Africa.
 3. To understand the principles of demand-led plant variety design and how 
this approach is similar to and different from current breeding practices.

This chapter discusses the status and challenges of agriculture in Africa and ways 
of transforming the agricultural sector into a modern, commercially oriented 
sector within the countries of Africa. It reviews the adoption of new plant var-
ieties, where there has been about 35% adoption of modern varieties for many 
food crops across sub-Saharan Africa over the past 15 years Table 1.1. This 
contrasts with about 60% adoption of new varieties in Asia and 80% in South 
America. The low adoption rates in Africa are attributed to a range of micro- 
and macro-level factors, including the availability of seed and access to credit, 
and acceptance by farmers and consumers. The chapter also describes the ad-
vantages and disadvantages of the methods used to measure varietal adoption. 
Further, it identifies the key principles of demand-led variety design: how this 
differs from and complements other approaches; its relationship to innovation 
systems and value chains; the role of public policy and social dimensions; and 
the benefits and risks of implementing a demand-led breeding programme. The 
chapter also defines the role of the plant breeder and the rationale for breeders 
to adopt more demand-led variety design, including the setting of breeding 
goals, consideration of trait trade-offs and measurement of progress.

1 Principles of Demand-led  
Plant Variety Design

Paul M. KiMani*
Plant Breeding and Biotechnology Program, Department of Plant Science 
and Crop Protection, University of Nairobi, Nairobi, Kenya

*E-mail: pmkimani@uonbi.ac.ke



2 P.M. Kimani

How is demand-led variety development different from current practices?

• Broader client focus. Demand-led approaches put farmers, other clients 
and consumers at the forefront of new variety design and development.

• Value chain. Demand-led approaches build on and go beyond farmer- 
participatory breeding. They include consultation on needs, not only 
with farmers, but also with all other clients across the entire crop value 
chain who are making buying and selling decisions about crops and 
their products, as well as with the stakeholders who determine the enab-
ling environment in which the business of plant breeding and crop pro-
duction takes place.

• Markets and drivers. Plant breeders need to understand markets and cli-
ent segmentation to be able to prioritize their breeding targets. Current 
practices tend to put more emphasis on technology-based approaches and 
achieving numbers of varietal registrations, rather than focusing on market 
drivers, including partnering with the private sector to ensure that new, 
marketable varieties reach farmers.

Implications for the role of the plant breeder
• Leadership role. The breeder is the main actor in demand-led variety  design 

and carries the responsibility for coordinating, facilitating and linking act-
ors and audiences with diverse interests. Success is highly dependent on 
the breeder championing a demand-led approach.

• Building expertise. Plant breeders will need to learn new skills, especially 
in the business domain, and work with a range of non-traditional allies for 
the success of their programmes. They will also need to train and mentor a 
new generation of young breeders in demand-led breeding approaches.

Key messages for plant breeders

Outlook for African agriculture
• Key challenges. Breeders need to understand the current supply and demand 

challenges facing African agriculture.
• Policy and science agenda. Breeders, including postgraduate students, 

need to understand how demand-led approaches fit with Africa’s science 
agenda, government policy and research and development (R&D) invest-
ment plans in their own country and region.

Modern variety adoption in Africa
• Limited adoption. There is limited adoption of many registered varieties of 

food crops in Africa. The application of demand-led approaches to variety 
design can improve adoption levels, and the private sector seed industry 
succeeds or fails based on designing varieties that clients want and need.

• Variety design. This is an important component that affects adoption, along 
with the availability and affordability of seeds, farmer awareness and risk 
perception.
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• Measuring adoption levels. Several methods can be used but all have 
 advantages and disadvantages. The overriding issue is data quality and 
 reliability. Data accuracy can be significantly improved if breeders incorp-
orate phenotypic and genotypic identity markers into their variety designs.

Breeding goals
• Customer preference. This is a significant factor in the adoption of new 

varieties. The core goals of a breeding programme should be based on what 
consumers want and the type of products that will improve the livelihoods 
of farmers.

• Breeding performance and tracking adoption rates. A breeder’s goals, 
 incentives and rewards should go beyond the number of new varieties 
 registered and also include the extent of adoption of new varieties by farm-
ers and the performance of these varieties in the field. Adoption monitoring 
methods should be fully understood, so that appropriate monitoring can be 
built into a post-registration plan to monitor adoption and performance of 
new varieties, with attribution of success.

Demand-led approaches – ten key points
• Understanding clients. Understanding clients is central to demand-led var-

iety design and improving the adoption of new varieties. Before starting a 
breeding programme for a particular crop, it is necessary to be clear on: 
who the clients are; what factors influence their buying decisions; and 
what the needs, preferences and problems of each client are.

• Farmer adoption. Demand-led approaches increase the likelihood of new 
varieties being adopted by farmers.

• Value chains. Demand-led approaches build on and go beyond farmer- 
participatory breeding. They include consultation not only with farmers, 
but also with all clients and stakeholders along the whole crop value 
chain.

• Urban and rural consumers. Breeders must consider the needs and prefer-
ences of consumers living in both rural and urban environments. Rapid 
(rural and urban) appraisals can be extended to gathering information not 
only from farmers but also from consumers and clients who live in towns 
and cities.

• Markets and client segmentation. Breeders need to understand markets 
and client segmentation to be able to prioritize their breeding targets.

• Market research and intelligence gathering. The gathering of market 
 research at the start of a breeding programme needs to be complemented 
by regular consultations with stakeholders at key decision points along the 
development stage plan from new variety design to post-market release. 
The primary objective is to gain new insights, test assumptions, demon-
strate and obtain feedback on new variety/lead germplasm performance 
and stimulate demand.

• Breeding entrepreneurship. This can contribute to economic growth, better 
livelihoods for farmers and increased food security. Improved varieties can 
change lives.



4 P.M. Kimani

• Market creation. To maximize market creation and nurture innovation, a 
balance is required between using demand-led approaches and enabling 
new technologies to drive innovations. Both approaches have value and 
they complement one another.

• Role of the plant breeder. Plant breeders do more than make crosses and 
lead selection programmes. A breeder must also be an integrator of inputs 
and be able to assimilate information and incorporate a broad range of 
views, including those of non-technical experts. This requires assimilating 
data, looking at its implications and making decisions based on informa-
tion from diverse areas, including agricultural economics, markets, market 
research and the core scientific functions of breeding.

• Breeding experience. Demand-led approaches retain emphasis and put 
value on the breeder’s eye and experience.

Key messages for R&D leaders, government officials and investors

Outlook for African agriculture
• Strategic agriculture and the food security agenda. Demand-led approaches 

can contribute to achieving national, regional and pan-African agricultural 
development and food security targets and priorities.

Modern variety adoption
• Tracking adoption and performance of new varieties. Breeders should 

 aspire to and be supported by R&D management and investors to monitor 
the adoption of their varieties by farmers and by the actors along the value 
chain.

• Financial support for monitoring variety adoption. Finance should be 
included for use after registration as part of the financial investment in 
breeding programmes in order to measure progress.

Breeding goals
• Clients. Client needs and preferences should drive the setting of breeding 

objectives. The incorporation of demand-led approaches into the setting 
of breeding goals and objectives will contribute to smallholder farmer 
livelihoods by enabling them to enter markets for the sale of surplus pro-
duce. This will increase the success and reputation of the breeder. It will 
also  increase investors’ confidence in continued support for the breeding 
programmes.

Demand-led approaches
• Demand-led versus technology push. A balance is required between the 

use of demand-led approaches and technology/innovation push so that 
market creation is maximized for new varieties.

• Change management. Demand-led approaches require significant changes 
to the way that current breeding goals and objectives are set, new varieties 
are designed and developed, and their performance is measured. Support 
is sought from institutional management, government officials and investors 
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to assist breeders to adopt more demand-led approaches and to find solu-
tions to problems that may arise during the transition to these new 
 approaches.

• Private sector connections. Public sector breeders should be encouraged 
to connect with the private sector along the whole value chain from seed 
distributors to retailers in order to seek inputs and stimulate demand. This 
requires that management and government officials create an enabling 
 environment and facilitate a public/private dialogue.

• Market and crop information. Governments and management need to 
provide reliable national statistics and data sources for breeders and other 
R&D scientists to use.

• Market research. Investors should encourage, expect and finance market 
information gathering as a key part of breeding programme proposals and 
business plans.

• Professional development of plant breeders as integrators. R&D leaders 
need to support and finance breeders to undertake professional development 
in knowledge integration and to expand their skills in project management 
and project planning.

Introduction

The objectives of this chapter are:

 1. To understand the current status and challenges facing African agriculture.
 2. To review modern variety adoption in Africa.
 3. To understand the principles of demand-led plant variety design and how 
this approach is similar to and different from current breeding practices.

The chapter discusses the status and challenges of agriculture in Africa 
and ways of transforming the agricultural sector into a modern, commercially 
oriented sector within the countries of Africa. It reviews the adoption of new 
plant varieties, where there has been about 35% adoption of modern varieties 
in many food crops across sub-Saharan Africa over the past 15 years (Walker 
et al., 2014; Walker and Alwang, 2015). This contrasts with about 60% adop-
tion of new varieties in Asia and 80% in South America. The low adoption rates 
in Africa are attributed to a range of micro- and macro-level factors, including 
the availability of seed and access to credit, and acceptance by farmers and 
consumers. The chapter also describes the advantages and disadvantages of the 
methods used to measure varietal adoption. Further, it identifies the key prin-
ciples of demand-led variety design: how this differs from and complements 
other approaches; its relationship to innovation systems and value chains; the 
role of public policy and social dimensions; and the benefits and risks of imple-
menting a demand-led breeding programme. The chapter also defines the role 
of the plant breeder and the rationale for breeders to adopt more demand-led 
variety design, including in the setting of breeding goals, consideration of trait 
trade-offs and measurement of progress.

The aim of the chapter is to enable African plant breeders to understand 
the principles and share the best practices of demand-led variety design, and 
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to act as a resource for education in this field. For this purpose, boxes are 
included in the main sections of the chapter that summarize its educational 
objectives and present the key messages and questions that are involved. 
There is also a final box at the end of the chapter that summarizes the overall 
learning objectives.

The Transformation of Agriculture in Africa (Box 1.1)

Agriculture is the principal source of livelihood for millions of people living in 
rural and urban communities across Africa. It is the main determinant of food 
and nutritional security, employment and incomes, and the prime driver of eco-
nomic growth. Consequently, poor performance in the agricultural sector af-
fects the performance of nearly all other economic sectors. Agriculture employs 
over 60% of the workforce and accounts for more than a quarter of the conti-
nent’s gross domestic product. However, agricultural productivity across Africa 
lags behind that of most other regions of the world. Africa’s global competitive-
ness, as measured by its global share of agricultural exports, has fallen from 
about 8% in the 1970s to less than 2% by 2013. Low agricultural productivity 
leads to food and nutritional insecurity. Productivity and value addition is low 
across most sectors, making African economies less competitive globally. The 
lack of economic diversification and inability to create new competitive sectors 
not only threatens sustainable growth, but also creates challenges in employing 
existing and new entrants into labour markets and taking people out of poverty. 
In Mozambique and Tanzania, for example, 500,000 to 800,000 young people 
enter the labour market each year. The situation is similar in many other coun-
tries in sub-Saharan Africa. Hence, Africa requires an economic transformation 
in the key agricultural sector.

Box 1.1. The transformation of agriculture in Africa: educational objectives. 

Purpose: to familiarize participants with the importance of agricultural productivity within 
Africa and the effect of population growth on food security, and to introduce the concept of 
market demand.

Educational objectives:

• to understand the current status and challenges facing African agriculture;
• to understand the basis of agricultural transformation in Africa; and
• to appreciate the significance of market-demanded skills and training for graduate 

 students, professional breeders and other agricultural scientists.

Key questions

• Challenges. What are the current supply and demand challenges facing African agricul-
ture?

• Policy and science agenda. How do demand-led approaches fit with Africa’s science 
agenda, government policy and R&D investment plans in each country and region?

• Strategic agriculture and food security agenda. How do demand-led approaches con-
tribute towards achieving national, regional and continental targets and priorities for enab-
ling agriculture-driven economic development and ensuring food security?
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It is predicted that Africa’s population will double to 1.1 billion between 
1997 and 2020. As a result, the demand for imported food, mostly cereals and 
legumes, will increase to 50–70 million t annually. If the current economic 
situation persists in the food-deficit nations of Africa, then it is unlikely that 
these nations will have the resources to purchase this huge volume of food 
on a commercial basis. Several countries have already become regular recipi-
ents of food aid, but it is unlikely that the international community will con-
tinue to provide food on concessionary terms or as food aid. It is, therefore, 
 necessary for countries in Africa to continue and to accelerate the development 
and  implementation of strategies designed to increase crop productivity and 
commercialization. It is for this reason that many governments in Africa are 
aiming to transform their agricultural sectors from subsistence agriculture to 
market-oriented systems.

The process of this economic transformation requires an increase in 
 science and technology capacity and a skilled workforce to undertake applied 
research and to accelerate technology absorption and generate new com-
petitive sectors (FARA, 2014). Africa needs local graduates with up-to date 
skills and knowledge in productive sectors such as agriculture. At present, 
such graduates are in short supply. Countries need to produce more gradu-
ates in science and technology who can both contribute to and benefit from 
new opportunities as economies grow and diversify, and agricultural markets 
develop. The gap between labour market demand and the programmes offered 
by tertiary education institutions has led to a situation where jobs are available 
but there are not enough suitable graduate students to fill them. To address 
this gap, actions such as bringing in employer recommendations for curricula, 
linking with industry and policy makers to set up internships for students, 
and developing general skills that increase employability – such as learning to 
learn, problem solving, project work and teamwork, and communications skills –  
as well as the development of market-demanded products, are critical. The 
proposed demand-led approaches to plant breeding are designed to address 
some of these issues for graduate students and professional plant breeders 
and can contribute to achieving pan-African, subregional and country food 
security targets and priorities.

Variety Adoption in Africa (Box 1.2)

Plant breeding is the art and science of improving crop plants for the benefit 
of people. It is the art and science of changing and improving the heredity of 
plants. Preferential selection to meet particular human needs results in a broad 
range of cultivated types within a species. Such cultivated types are also known 
as varieties or cultivars. When breeders develop new varieties, they expect that 
they will be utilized by end users such as farmers, consumers and processors. 
However, not all of the varieties released are utilized by the intended benefi-
ciaries. The acceptance and utilization of new crop varieties is referred to as 
adoption. The degree of adoption may vary from 0 to 100%, and it varies with 
crop species and varieties within a species, from one ecological zone to an-
other, and among countries and regions of the world.
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A recent study on adoption of new varieties of 20 crop species in 30 coun-
tries of Africa over 15 years showed that the average adoption rate of more than 
1150 crop varieties developed by CGIAR centres and their partners in Africa 
is about 35% (Table 1.1) (Walker et al., 2014; Walker and Alwang, 2015). This 
compares with average adoption rates of new varieties of 60% in Asia and 80% 
in South America. The study concluded that new maize varieties had the highest 
adoption, as they are grown in 20 countries in eastern, central, southern and 
West Africa. New varieties of field pea, which are mainly grown in Ethiopia, 
had the lowest adoption (1.5%). The adoption of modern varieties was highest 
in Zimbabwe and lowest in Mozambique.

Constraints and issues

Many studies have been conducted to determine the reasons for the low adop-
tion of new technologies in Africa. Most have focused on micro factors related 
to on-farm resources, farmer behaviour, farm market-related factors and vari-
ables related to access to services (Kaliba et al., 1998; Tesfaye et al., 2001; 

Table 1.1. Adoption of modern varieties of food crops in sub-Saharan Africa. Data from Walker 
et al. (2014) and Walker and Alwang (2015).

Crop
Country 

observations Total area (ha)
Adopted  
area (ha)

% Modern  
varieties

Soybeans 14 1,185,306 1,041,923 89.7
Maize – WCAa 11 9,972,479 6,556,762 65.7
Wheat 1 1,453,820 850,121 62.5
Pigeon peas 3 365,901 182,452 49.9
Maize – ESAb 9 14,695,862 6,470,405 44.0
Cassava 17 11,035,995 4,376,237 39.7
Rice 19 6,787,043 2,582,317 38.0
Potatoes 5 615,737 211,772 34.4
Barley 2 970,720 317,597 32.7
Yams 8 4,673,300 1,409,309 30.2
Groundnuts 10 6,356,963 1,854,543 29.2
Beansc 9 2,497,209 723,544 29.0
Sorghum 8 17,965,926 4,927,345 27.4
Cowpeas 18 11,471,533 3,117,621 27.2
Pearl millet 5 14,089,940 2,552,121 18.1
Chickpeas 3 249,632 37,438 15.0
Faba beans 2 614,606 85,806 14.0
Lentils 1 94,946 9,874 10.4
Sweet potatoes 5 1,478,086 102,143 6.9
Bananas 1 915,877 556,784 6.2
Field peas 1 230,749 3,461 1.5
Total/rounded  

weighted average
152 107,721,630 37,969,575 35

aWest and Central Africa; bEast and South Africa; ccommon beans, Phaseolus vulgaris.
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Abay and Assefa, 2004; Tura et al., 2010). Farmer preferences that act as factors 
influencing the decision to adopt new varieties have been considered in some 
studies. Three main, micro-level reasons why farmers do not adopt new tech-
nologies were identified by Doss (2005):

• Awareness. Simply put, smallholder farmers are either not aware of new 
technologies or they are unaware that the new technologies would provide 
benefits for them. Farmers may also have misconceptions about the costs 
and benefits of the technologies. Negative or positive concepts arise from 
the ‘technological frames’ that influence various actors’ perceptions and 
hence their technical choices (Kaplan and Norton, 2008).

• Availability. The technologies are either not available or they are unavailable 
when needed.

• Profitability. The technologies are unprofitable given the complex sets of 
decisions that farmers make about how to allocate their land and labour 
across agricultural and non-agricultural activities.

• Gender-based constraints. These act as a powerful force against the adoption 
of new technologies. The typically lower asset base of women and so their 
more limited control over any benefits act as major deterrents to adoption 
(King and Mason, 2001).

Although these micro-level adoption studies have identified important fac-
tors, their macro-level application to spur variety adoption has been limited 
because they cannot address important political economy issues (Doss, 2005). 
In the context of agricultural innovation systems (AIS), these adoption studies 
have focused on the technology (product) per se, with only limited consider-
ation of processes, marketing systems and institutions (Knickel et al., 2008; 
Mwangi and Kariuki, 2015).

In another study, the Association for Strengthening Agricultural Research in 
Eastern and Central Africa (ASARECA, a not-for-profit subregional organization 
of the National Agricultural Research Systems (NARS) of 11 African member 
countries, which is based in Uganda) sought to establish the macro foundation 
of the reasons for low rates of technology adoption in eastern and southern 
Africa (Odame et al., 2013). This study reported that the major macro-level fac-
tors responsible for low adoption are:

• soil fertility and agro-ecological targeting;
• seed systems;
• extension services;
• livestock technology delivery mechanisms;
• the performance of the released technologies;
• inadequate attention to gender-based constraints in technology design and 

delivery;
• lack of commercialization of commodities; and
• overall political economy processes that influence the creation of an enabling 

policy environment.

In Ethiopia, Zelleke et al. (2010) reported that soil-related constraints to adop-
tion and to improved productivity include:
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• topsoil erosion;
• acidity (affected soils covering over 40% of Ethiopia);
• significantly depleted organic matter due to widespread use of biomass 

and dung as fuel;
• depleted macronutrients and micronutrients;
• the destruction of soil physical properties; and
• a rise in salinity.

Without public funding, mitigating such widespread soil degradation in 
Ethiopia is difficult to deal with because of the uncertain ownership of land – 
which discourages investment in land development, the low returns to crop and 
livestock farming, and the challenges arising from variable weather. Thus, Ethiopia 
has approached the problem as a national concern to ensure that adequate public 
resources are made available to help stem the decline in soil fertility.

In summary, multiple factors are responsible for low technology adoption, 
and these can be grouped into micro-level factors and macro-level factors. The 
main micro-level factors include: those related to farm resources and farmer 
characteristics (education, age, gender, wealth, farm size, labour, credit, tools, 
etc.); farming systems (cropping system, soil type and climate); market-related 
factors, including risk, output market, storage, input market, information; and 
variables related to access to services (access to credit and membership of 
 cooperatives). Similarly, farmer preferences for technology-specific character-
istics as factors that significantly influence the decision to adopt have been 
considered in some studies. Macro-level factors responsible for low technology 
adoption include policies, institutions, infrastructure and the dynamics of 
adoption.

Surprisingly, there are few studies that address specific elements of varietal 
design and their effects on farmer adoption. Typically, some information is 
available from ex ante impact studies investigating the benefits derived from 
development interventions. These studies demonstrate that farmer preferences 
for local varieties are driven by the importance of consumer-based traits, so 
that varieties with yield improvements and resistance to biotic stresses – but 
which lack the core consumer requirements – are less preferred. For example, 
in Kenya, farmers prefer sorghum varieties with desirable consumer attributes 
such as taste, brewing quality and ease of cooking, and this influences new 
varietal adoption of sorghum in Kenya (Timu et al., 2014).

Measuring adoption levels

Several approaches have been used to measure the adoption of new technolo-
gies. These include: field surveys using questionnaires; focus group discussions; 
expert opinion; the use of secondary data from international organizations such 
as FAO; the use of national statistics from ministries of agriculture and other 
governmental organizations; reviews of past case studies; and seed sales.

For example, the data from CGIAR’s Diffusion and Impact of Improved 
Varieties in Africa (DIIVA) study (Walker et al., 2014) largely drew on judgements 
made by expert panels. This remains the dominant method for estimating crop 
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area under modern varieties at a large scale, due to the cost and complexity of 
collecting data on varietal diffusion through other means. Thus, the DIIVA study 
relied primarily on expert panel judgments for 115 crop– country combinations. 
In a number of cases, these expert data were supplemented by estimates based 
on household surveys (for 36 crop–country combinations).

The DIIVA project was not the first to compare subjective estimates on 
adoption from expert panels with more objective data. Economists from the 
International Maize and Wheat Improvement Center (CIMMYT) assessed the 
congruence between expert opinion from national scientists, mainly plant 
breeders, and aggregate adoption estimates from data on seed sales of hybrids 
and open-pollinated varieties (OPVs) for maize-growing countries in southern 
and East Africa. Their assessment showed that expert opinion on adoption in 
countries where hybrids were popular and approaching full adoption was very 
consistent with estimates derived from seed production data. However, diver-
gence between expert opinion and seed sales was higher for OPVs.

Box 1.2. Variety adoption in Africa: educational objectives. 

Purpose: to evaluate modern crop variety adoption in Africa, and to formulate opinions on 
the importance of post-release monitoring and the best methods to track the use of new 
varieties by smallholder farmers.

Educational objectives:

• to review modern variety adoption in Africa and for a specific region, country and/or crop;
• to compare adoption patterns in Africa with those of other regions of the world;
• to provide a practical exercise on measuring adoption and the interpretation of data; and
• to understand successes and failures of adoption.

Key messages

• There is limited adoption of many registered varieties in Africa (as evidenced by quantita-
tive data sets from the DIIVA project and national statistics (Walker et al., 2014).

• Varietal design is an important component that affects adoption, along with availability 
and affordability of quality seed, farmer awareness and risk perception.

Key questions

• Why are farmer adoption levels of modern varieties lower in African countries that in any 
other region of the world?

• What are the main reasons for adoption or non-adoption?
• How can you measure farmer adoption levels?
• What techniques are used to measure adoption levels?
• What are the pros and cons of each method?
• What techniques were used in the CGIAR DIIVA (Diffusion and Impact of Improved Varieties 

in Africa) and ASARECA (Association for Strengthening Agricultural Research in Eastern 
and Central Africa) studies on adoption and what is the justification for these methods?

• What methods are being used by your institute, breeding programme or country to track 
adoption?

• Which methods are the most appropriate to use for your own breeding programme?
• Can you recognize your varieties in the field, and, if not, why not?
• What actions can you take to be able to recognize your varieties?
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In the ASARECA study on technology adoption (Odame et al., 2013) pri-
mary adoption data were generated through key informant interviews and focus 
group discussions. The key informant interviews were conducted with national 
policy makers, while the focus groups brought together representatives of given 
enterprise/commodity value chains, e.g. farmers, non-governmental organiza-
tions (NGOs), community-based organizations, agro-dealers/stockists, exten-
sion workers, agro-processors, wholesale and retail traders, researchers and 
financial institutions. Focus group participants used the analysis of strengths, 
weaknesses, opportunities and threats (SWOT analysis) to discuss the adoption 
of available technologies along a given enterprise value chain. The ASARECA 
team also reviewed past adoption studies to prioritize both low and high adop-
tion rates, which allowed identification of the successful and missing elements 
of technology systems.

Advantages and disadvantages of methods of adoption measurement

Each method of adoption measurement has strong points as well as weak-
nesses. The overriding issue is the quality of the data generated. The second 
issue is scale and the extrapolation of localized studies to national, subregional 
and regional levels. Because of its availability and global coverage, data from 
the Food and Agriculture Organization of the United Nations (FAO) is widely 
used despite concerns about its quality. The DIIVA project also reconfirmed the 
need for field measurement in cases where varieties are difficult to distinguish 
morphologically (Walker et al., 2014). The survey of cassava in south-western 
Nigeria epitomizes this case. Farmers knew improved varieties by a group 
name but could not distinguish relatively small morphological and phenotypic 
differences between them that allowed for the elicitation of reliable data on 
specific modern cultivars. In this case, there is no substitute for field measure-
ment, which is more feasible in cassava because it is in the field for a longer 
time than other crops in a mature state.

Survey performance could be improved if focus groups generated re-
liable information on varietal adoption. The use of focus group interviews 
in a community questionnaire was one of the features of the surveys sup-
ported by the DIIVA project (Walker et al., 2014). In their validation re-
ports, DIIVA project participants formally compared responses from focus 
groups and household questionnaires. These reports suggest that focus 
groups can provide useful information about the relative importance of 
the variety in the village and the adoption levels by individual farmers; but 
household data are strongly preferred if cultivar-specific area estimation 
is the goal. Another issue is the extent to which sampled areas represent 
reality on the ground. The DIIVA project suggested that well-structured, 
community focus group discussions combined with field visits could be 
one such cost-effective alternative to the 500–700 representative house-
hold surveys made by the study in order to  validate expert opinion from 
the more qualitative perspective of ‘Do the elicited estimates reflect reality 
or not?’
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Breeding Goals and Objectives

Setting breeding goals and objectives (Box 1.3)

One of the main activities in planning a breeding programme is to determine 
the objectives. There are well-established, broad objectives that cut across most 
programmes. These include yield enhancement, incorporating resistance to 
 biotic and abiotic stresses, adaptation to photoperiod sensitivity, suitability 
for mechanization and nutritional quality. These breeding objectives are often 

Box 1.3. Setting breeding goals and objectives: educational objectives. 

Purpose: to stimulate breeders to reflect on their core mission and on how setting breeding 
goals and measuring varietal performance against them is central to improving the livelihoods 
of smallholder farmers, catalysing crop value chains, increasing food and nutritional security 
in Africa and developing the breeders’ own professional reputations.

Educational objectives:

• to identify the potential limitations of current breeding approaches;
• to understand the rationale and drivers for incorporating demand-led principles into set-

ting breeding goals and objectives; and
• to be able to develop breeding goals that incorporate client-centric thinking and 

demand-led approaches into new breeding programmes.

Key messages

• Client preference and perception of product performance are critical factors influencing 
the adoption of new varieties.

• The incorporation of demand-led approaches into breeding programmes will  contribute 
to smallholder farmers’ livelihoods and food security by enabling them to enter markets.

• Introducing demand-led principles into goal setting will increase investor confidence in the 
likelihood of plant breeding success and increases the probability of further investments by 
investors.

Key questions

• What are your breeding goals?
• How do you set them?
• What are the current approaches to setting breeding goals?
• What are the advantages and disadvantages of these goals?
• How do you set targets for your breeding programme?
• In setting your breeding targets, what should be your mission and primary goals?
• Should breeders aim to register varieties with improved trait characteristics so that 

farmers have choice and/or create varieties that achieve high adoption rates by farmers?
• What are the key factors and trade-offs to consider?
• What does success look like?
• How do you measure progress towards your breeding goals?
• What are the best key performance indicators (KPIs) to use?
• What properties should KPIs have?



14 P.M. Kimani

 derived from local experience with farming communities, national and regional 
priorities, socio-economic surveys of potential end users and global trends. 
Breeding goals are often driven by broad based aspirations such as yield gains 
or drought resistance or are trait specific, with little consideration given to the 
suitability of the new varieties to meet specific client demands and the incorpor-
ation of changing demands to meet new market opportunities. Breeders rarely 
use market research to determine precisely what their customer demands are 
and how these demands are likely to change over time. When the client needs 
are neither well understood nor taken into consideration during the setting of 
breeding goals and objectives, the resulting new varieties are unlikely to meet 
consumer needs and often result in slow adoption or even rejection by the 
intended end users.

Limitations of current approaches
A recent study by ASARECA on the causes of low adoption of new agricultural 
technologies in eastern Africa found that the poor performance of these tech-
nologies is a major cause of low adoption (Odame et al., 2013). Technology 
delivery and the targeting of released varieties for the particular agroecolo-
gies are limited. For example, some new varieties of maize were found to 
be highly susceptible to pests and have a low shelf life, which discouraged 
farmers from adopting them. In another example, the high biomass of some 
new varieties of sunflower caused high soil nutrient depletion and farmers 
felt that the change in yields did not compensate for the deterioration in soils 
and therefore discontinued the production of these varieties (Odame et al., 
2013). The ASARECA study also found that consumers in Uganda had strong 
preferences for the colour and taste of their staple food of matooke, which is 
made from East African cooking bananas. Consumers considered that the new 
banana cultivars had not incorporated their preferred food taste characteristics 
for matooke. For dessert bananas, new varieties were not favourable when 
compared with the traditional ‘Bogoya’ cultivar.

Consumers have called for regular market surveys and the development of 
supply chains around smallholder farmers, with complementary investments 
in all links in the supply chain. Empirical findings showed that technologies 
for commercialized enterprises linked to marketing systems are better adopted 
than enterprises with poor marketing systems.

Refining breeding goals and objectives to reflect changing preferences  
and needs
Several approaches can be used to determine breeding goals and objectives. 
These include participatory rural appraisal, problem analysis, market research, 
field surveys, consumption surveys and needs assessment appraisals. It is 
 important that breeders use these tools to ensure that their products meet the 
ever-changing consumer preferences and needs.

The core goals of a breeding programme should be based on what con-
sumers want and on the type of products that will improve the livelihoods 
of farmers. Farmers do not only grow varieties to feed their families, but also 
to generate income to meet their household financial needs. Governments in 
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many countries of Africa have formulated policies intended to transform agri-
culture from subsistence farming to a commercially oriented activity.

In the context of plant breeding, this agricultural transformation implies that 
varieties grown by farmers should have consumer-preferred traits and therefore 
be marketable. It also implies that breeders should assess the traits offered by 
current commercial varieties and identify the gaps that will be filled by the new 
varieties. Breeders should also identify the size and location of markets they are 
targeting. This approach requires a change in how breeders develop breeding 
objectives and implement breeding plans so that their breeding strategy is de-
mand led, with consumer demands at the centre of choosing the key traits of 
new varieties.

The key questions a farmer will ask are: ‘What traits and advantages do the 
new varieties offer compared with existing varieties?’ and ‘Are these changes 
sufficiently compelling to justify a shift to the new variety?’ For example, an im-
portant question is how much yield increase is required for farmers to adopt a 
given technology, especially if they are using credit to purchase new seeds and 
other inputs. According to Baum et al. (1999), the net benefit should usually 
be between 50 and 100%, which corresponds to a benefit–cost ratio of 1.5:2. 
If the technology is new to the farmer and requires the learning of new skills, 
a minimum rate of return nearer to 100% is a reasonable estimate to assume 
high adoption.

Trait trade-offs
Breeders often have to deal with a broad array of traits desired in a new var-
iety. It is challenging to try to incorporate all of the useful traits with the same 
level of expression into a single ‘ideal’ variety. The range of potential traits con-
sidered is likely to increase when post-production traits such as taste, cooking 
time, physical appearance and shelf life are also considered in a demand-led 
breeding design. This implies that some form of trait trade-off, or what breeders 
refer to as ‘index selection’, will become necessary. One approach to deal with 
trade-offs is to categorize and then rank the priority traits. Such categories could 
be plant traits (including plant architecture), resistance to biotic stresses (pests 
and diseases), tolerance to abiotic stresses, postharvest traits and utilization 
traits. Prioritization may first be based on basic traits – those that any cultivar 
must have for a specific market, secondly, on traits that increase market share 
and, thirdly, on new traits that are not available in existing cultivars. Priorities 
within categories can be used to develop a selection ‘index’ and to determine 
the breeding goals and objectives. Decision-tree analysis can also be used to 
aid decision making.

Measuring progress towards goals (Box 1.4)

Breeding programmes often have a time frame during which set targets and 
milestones leading to programme goals should be achieved. This is essen-
tial because breeding is a multistage process that may take several years, de-
pending on crop species, breeding systems and local regulations governing 
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the release of new varieties. The main phases in a breeding programme are 
population development, line development, line testing, validation of candi-
date varieties and variety release. It is essential to track progress towards the 
programme goals set at the onset of the breeding process. Progress indicators 
may be set at the whole-programme level and/or for specific target traits.

For example, the number of populations, number of lines with desired traits, 
number of candidate varieties and number of varieties are possible targets at 
the whole-programme level. At the trait-expression level, performance indicators 
such as number of resistances combined, number of lines with better expression 
of a trait above the benchmark or expected trait improvement at a particular level 
(e.g. 90% more iron than a check variety by year X ) can be used. These indicators 
are used to track progress towards the goal. The indicators must be ‘SMART’ –  
simple, measurable, achievable, realistic and time-bound.

Selecting the right indicators is vital to effective project management. In 
addition to being SMART, indicators should be valid, reliable, sensitive, simple, 
useful and affordable. Indicators are considered to be:

• Valid – if they measure what is expected to be measured.
• Reliable – if they are consistent over time and will consistently produce the 

same data if applied repeatedly to the same situation over time.
• Sensitive (i.e. responsive to change) – if an indicator is able to detect small 

but significant changes over time.
• Simple – if it will facilitate easy collection of data and the equipment and/

or expertise needed to track the performance indicator is readily available.
• Useful – if the information collected can be used for decision making and 

the performance indicator is expressed in a way that will resonate with the 
intended audience.

Box 1.4. Measuring progress towards goals: definitions. 

A performance indicator is a unit of measurement that specifies what is to be measured 
along a scale or dimension, but does not indicate the direction or change. Performance 
 indicators are a qualitative or quantitative means of measuring an output or outcome with 
the intention of gauging the performance of a programme or investment. These indicators 
are neutral; they do not indicate directionality or embed a target.

A target specifies a particular value for a performance indicator to be accomplished by a 
specific date in the future. It is important for breeders to establish realistic targets for each 
performance indicator in relation to the baseline data identified. This sets the expectations 
for performance over a fixed period of time, compared to a set of conditions existing at 
the outset of a programme or investment. The results will be measured and assessed as 
progress towards achieving the target in relation to the baseline data.

Baseline data are collected at one point in time and used as a point of reference. If  reliable 
data on performance indicators exist, then such data should be used. If not, the breeder 
will have to collect a set of baseline data at the first opportunity. In a breeding programme, 
baseline data refers to the performance of existing commercial varieties (also known as 
‘check varieties’) or the level of trait expression in specific check varieties against which new 
varieties will be measured.
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• Affordable – if the programme can afford to measure the indicator, given 
the need for timely, accurate information and the potential cost, it is worth 
the value of the information obtained.

Principles of Demand-led Approaches to Plant Variety Design 
(Boxes 1.5 and 1.6)

Demand-led plant breeding is an approach that enables plant breeders to 
 develop more high-performing varieties that meet client requirements and 
market demand. The approach is based on six core principles: client needs 
and  preferences; value chains; market research; market trends and drivers; 
the integration of public and private sector capabilities; and multidisciplinary 
teams. These principles are defined below, together with a description of their 
roles in implementing a demand-led approach to breeding.

• Client needs and preferences. A clear understanding is needed of the needs 
and preferences of smallholder farmers, processors, traders, retailers, con-
sumers and other actors along a value chain. This is critical in setting the 
priorities of the breeding programme.

• Value chain analysis and innovation systems. A ‘value chain’ is a set of 
value-adding activities performed by all actors from production through 
to the consumption of a specified product. Analysis of the value chain of 
the  target crop species – and of the agricultural innovation system in 
which the value chain operates – is a key component of demand-led 
breeding. Value chain analysis of the target agro-enterprise/crop species 
is used as an  organizing tool to track the stages of the technology, the 
actors and their roles, and links to technology delivery and use. Value 
chain analysis helps in understanding the buying and selling decisions of 
each stakeholder in the supply chain from farmer (or producer) to con-
sumer; it identifies the key buying factors that influence each actor in the 
value chain.

• Market research. Market research is used to define the performance standard 
and priority of each varietal characteristic. It is also used to test and validate 
key assumptions throughout the variety development process. Demand-led 
breeding is based on market research. It makes rigorous use of proven market 
research tools with farmers, consumers and stakeholders.

• Market trends and drivers. Demand-led breeding requires an understanding 
of market trends and drivers. Longer-term visioning of key drivers of change 
and of the needs of farmers, markets, national and regional production trends 
and trade policies, the regulatory environment and the biophysical environ-
ment, including predictions on climate change, are key inputs into the  design 
of new varieties and the implementation of breeding programmes. Clear visi-
bility of development timescales is also required.

• An integrated approach to link public and private sectors. Demand-led 
breeding uses both public and private sector expertise and integrates the best 
practices from both sectors into the variety development process. It involves 
linking breeders with seed production and distribution systems and value 



18 P.M. Kimani

chains. Best practices are identified and used to conduct market research, 
in the setting of breeding priorities, in designing variety specifications, in 
the formulation of technological solutions and in linking farmers with mar-
kets. The approach relies on the synergy of public–private sector partner-
ships to achieve goals, targets, results and benefits which cannot be real-
ized by either party alone.

• Multidisciplinary teams. Demand-led varietal design and solution de-
velopment are conducted using a multidisciplinary team approach. Be-
cause demand-led breeding follows an innovation system and a value 
chain approach, it requires a broad range of competencies and actors 
with different roles and responsibilities to develop a new variety. Gender 
and other cross-cutting social dimensions should be well integrated into 
the generation, delivery and use of new technologies. During the variety 
development process, the full range of creative possibilities, including 
feasibility, cost and trade-offs between needs and the likelihood of suc-
cess, are  considered. Finally, proof of concept and prototype testing with 
farmers, consumers and value chain actors throughout variety develop-
ment and  release/distribution stages are integral parts of demand-led 
variety design.

Innovation systems and value chains (Box 1.5)

Innovation systems complement value chain analysis. They go beyond a narrow 
focus on the attributes of productive technologies to encompass the whole system. 
The main qualitative elements of innovation systems are the actors concerned  
and their roles and linkages, and the interactions of producers and other users 
of technologies and mediating institutions. The main elements within an in-
novation system are: (i) a knowledge and education domain; (ii) a business 
and enterprise domain; and (iii) bridging institutions that link the two domains. 
The knowledge and education domain consists of breeding research and edu-
cation systems. The business and enterprise domain comprises a set of value 
chain actors and activities that use outputs from the knowledge and education 

Box 1.5. Innovation systems: definitions of different types of innovations. 

Product innovation: a product or service that is new or significantly improved. This includes 
significant improvements in technical specifications, components and materials, software in 
the product, user friendliness or other functional characteristics.

Process innovation: a new or significantly improved production or delivery method. This 
 includes significant changes in techniques, equipment and/or software.

Marketing innovation: a marketing method that involves significant changes in product 
 design or packaging, product placement, product promotion or pricing.

Organizational innovation: a new organizational method in business practices, workplace 
organization or external relations.
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domain, and independently innovate. Linking these domains are the bridging 
institutions, such as extension services, political channels and stakeholder plat-
forms, which facilitate the transfer of knowledge and information between the 
domains. These domains are supported by an enabling public policy and insti-
tutional environment.

Box 1.6. Principles of demand-led approaches to plant variety design: educational objectives. 

Purpose: to understand the core principles of demand-led variety development, how these 
principles can contribute to higher farmer adoption of improved varieties and the implications 
of the implementation of demand-led approaches within crop breeding programmes.

Educational objectives:

• to understand the core principles, similarities and differences of demand-led breeding 
versus technology-driven approaches to designing new varieties;

• to analyse and identify best practices in case studies from Africa or other regions and/or 
on important food crops that illustrate how demand-driven considerations can increase 
the use of improved varieties;

• to integrate client needs and preferences into variety designs, variety development pro-
grammes and timelines; and

• to manage effectively the multifunctional expertise, inputs, handovers and communication 
about the interdependencies between different experts in the team.

Key messages

• Demand-led approaches go beyond farmer participatory breeding to include all the key 
stakeholders in the value chain. Also, demand-led approaches retain emphasis on the 
value of the breeder’s eye and experience.

• A balance is required between using both demand-led approaches and new technology/
innovation approaches to maximize market creation for new varieties.

• The role of the plant breeder is much more than leading crossing or selection programmes. 
S/he must also be an ‘integrator’ of inputs and be able to take on board information from a 
broad range of technical and non-technical experts and clients.

• The breeder must understand that customers need to be central to variety design and be 
clear on who these customers are and what factors influence their ‘buying decisions’.

Key questions

• What is demand-led breeding and how is it different from or similar to farmer-participatory 
breeding?

• What are the benefits and risks of using demand-led approaches (market pull) and/or 
technology/innovation approaches (technology push)?

• How do you decide the appropriate balance of market pull versus technology push for 
your breeding programme?

• What are the key roles and responsibilities of a breeder using demand-led methodology?
• What new areas of expertise and information should you integrate into your thinking?
• Who currently uses demand-led breeding approaches in Africa?
• How should the core principles of demand-led breeding in the private sector be adapted 

to fit public–private sector partnerships in Africa?
• What are the challenges and disadvantages of using demand-led approaches?
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Role of the breeder

The breeder is the main actor in demand-led breeding. In addition to pro-
viding technical expertise, the breeder is expected to be the champion of this 
demand-led approach, and carries the responsibility of coordinating, facilitating 
and linking actors and audiences with diverse interests. The breeder will need 
to learn new skills, especially in the business domain, and work with a range of 
non-traditional allies for the success of his/her programme. The breeder will also 
need to train and mentor a new generation of young breeders in demand-led 
breeding approaches.

Similarities and differences between demand-led breeding  
and farmer-participatory breeding

There are similarities and differences between demand-led plant breeding and 
farmer-participatory plant breeding. Participatory plant breeding (PPB), in its 
current form, has developed over the past two decades. It can be defined as 
embodying ‘approaches that involve close farmer–researcher collaboration to 
bring about plant genetic improvement within a species’.

There are similarities between demand-led approaches and PPB. Both 
 approaches contribute towards one or more of six stages within a breeding cycle, 
namely: setting goals and objectives; generating variability (crosses, landraces, 
gene bank accessions); selecting experimental varieties; testing experimental var-
ieties; variety release and promotion; and seed multiplication and distribution. 
Both approaches aim at developing client-specific products and the increased 
adoption of end products.

However, there are major differences between PPB and demand-led ap-
proaches. PPB is a highly localized activity that is focused on local needs and 
with end products that are designed to suit specific environments. In con-
trast, demand-led breeding is far broader in scope and targets large areas of 
agro-ecological zones where the crop can be produced at national, regional 
or even global levels. The key actors in PPB are the farmer and breeders. In 
contrast, demand-led approaches target all of the actors in a value chain and 
innovation system. These actors, who include processors, traders, retailers, 
agro-input dealers, consumers and policy makers, have different interests.

Demand-led variety design emphasizes markets, their demands and trends, 
and uses a broad range of tools, including market research, modern product 
promotion tools and value addition. While demand-led design seeks to com-
bine the best practices from both the public and private sector, PBB focuses on 
local practices and harnesses the expertise of farmers and breeders. Seed distri-
bution in PPB is limited to the locality of its operations. In contrast, demand-led 
breeding aims to disseminate the seeds of new varieties widely – nationally, 
regionally and globally. Demand-led breeding aims to use the best practices 
for the packaging, labelling, promotion and use of distribution networks, and 
is largely commercially oriented in terms of generating production in excess 
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of local (family) consumption needs to meet market demands and increase 
 incomes for smallholders through their participation in markets.

Benefits and risks of demand-led approaches

Demand-led breeding has multiple benefits, including higher adoption rates, 
the tapping of larger markets and hence the use of economies of scale. It can 
lead to better returns to investment and is potentially attractive to private invest-
ment. It is more sustainable in that the private sector is likely to continue with 
the production and marketing of seed of new varieties that meet market needs. 
In the longer term, the public and private sector linkages will be strengthened, 
based on mutual benefits. Demand-led breeding is likely to make significant 
and sustainable contributions towards national goals of food and nutrition 
 security. The main risks include failure to meet the targets, unfavourable polit-
ical environments and the slow adoption of new varieties. Another risk is the 
continued willingness (or not) of actors in a value chain to collaborate over a 
sustained period.

The balance between demand-led breeding and technology-driven approaches

Demand-led breeding focuses on putting clients, markets requirements and 
value chain needs at the centre of the design and development process for new 
varieties. The design of new varieties and prioritization of traits for breeding is 
driven by these needs.

In contrast, technology-driven approaches to variety development tend 
to have broad-based goals in order to allow exploration of the limits of what 
science can deliver to solve problems. This is done deliberately in working 
at the frontiers of science and when new technology is emerging, such as 
in the early days of the genomics revolution. The approach enables scien-
tific creativity to flow and not to be constrained by the scope of immediate 
market demands. It also enables paradigm shifts to occur and new markets 
to emerge. Technology-driven approaches may also be relevant where mar-
kets or information do not exist and consequently innovations have to rely 
more heavily on concept testing and prototyping with potential customers. 
The challenge for breeders is to achieve a balance between these two dif-
ferent but complementary approaches.

Learning Methods (Box 1.7)

Before this chapter concludes, a summary is provided in Box 1.7 of learning 
methods – together with assignments and assessment methods – for use with 
the main topics that have been covered in the chapter: Variety Adoption in 
Africa; Setting Breeding Goals and Objectives; and the Principles of Demand-
led Breeding.
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Box 1.7. Learning methods, assignments and assessment methods. 

Variety Adoption in Africa

Learning method

• PowerPoint presentation on adoption levels of modern varieties.
• Review the DIIVA study in Africa (Walker et al., 2014) and the ASARECA study (Odame  

et al., 2013) and your own country literature sources.
• Group discussion on the reasons why adoption levels of new varieties are lower in Africa 

than in other regions of the world?
• Group discussion on methods for easy identification of new varieties and sharing best 

practices.

Assignment

• Review the literature and data sources on the adoption levels of varieties of your crop and 
breeding programme in your country. Explain the situation and the reasons why different 
varieties are preferred, and the key messages and points of learning you will incorporate 
into your own designs for your crop breeding programme.

• Preparation of a post-release variety monitoring programme, with objectives, methods 
and costs required.

Assessment

• Assignment.
• Exam questions to test understanding of the different methods for monitoring varietal 

adoption, with their advantages and disadvantages.

Setting Breeding Goals and Objectives

Learning method

• PowerPoint presentation on best practices in setting and monitoring breeding goals.
• Group discussion on the core mission of being a professional breeder and using 

demand-led approaches, debating questions such as:
○ Should breeders aim to: (i) register varieties with improved trait characteristics so that 

farmers have choice; and/or (ii) create varieties that value chains want and achieve high 
adoption rates by farmers?

○ How should the professional performance of breeders be measured?
○ Is achieving variety registrations enough or should breeders be assessed and rewarded 

on whether their varieties are grown by farmers and used in the value chain?
○ What are the skills and qualities required to be an excellent demand-led breeder?

Assignment

• Participants to reflect on their current breeding or project research goals and objectives 
and make an assessment of how demand-led orientated they are.

• Suggestions to be provided on how to make the goals more client focused and on goal 
rationale.

Assessment

• Assignment.
• Exam questions on how to set demand-led goals, objectives and key performance indicators.

Continued
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Conclusion

It is timely for demand-led approaches to be incorporated into the education of 
the next generation of breeders in Africa because of:

• the emergence of growing local, national, regional and global markets for 
the products of African agriculture;

• the need for improved varieties to contribute to the food supply and demand 
imbalance in Africa, especially for food security crops; and

• the imperative for greater private sector participation in the business of plant 
breeding in Africa, both to enable greater smallholder access to the new 
technologies that are embedded in the seeds of new varieties, and to enable 
participation by smallholders in expanding markets for crop-based products.

In summary:

• Demand-led approaches aim to make the business of plant breeding in 
Africa more responsive to market demands.

• Demand-led approaches go beyond farmer-participatory breeding to include 
all of the key stakeholders in the value chain.

• Demand-led approaches retain emphasis on the value of the breeder’s eye 
and experience.

• An appropriate balance is required between using demand-led approaches 
and a technology/innovation push to maximize market creation for new 
varieties.

• The role of the plant breeder in demand-led approaches is much more than 
leading crossing or selection programmes. S/he must also be an integrator 
of inputs and be able to take on board information from a broad range of 
technical experts and clients.

Principles of Demand-led Breeding

Learning method

• PowerPoint slides explaining the principles of demand-led plant breeding and comparing 
it with other approaches.

Assignment

• Participants to review their current breeding or project research programme to explain 
what type of breeding approach they are using and why; and, if they wanted to put more 
emphasis on creating a demand-led programme, what specific interventions, changes 
and actions would they implement?

Assessment

• Assignment.
• Exam questions to test understanding of the similarities and differences between demand-led, 

technology-led and farmer-participatory breeding approaches.

Box 1.7. Continued.
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• The breeder must understand that customers need to be central to variety 
design and to be clear on who these customers are and what factors influ-
ence their buying decisions.

Resource Materials

Slide sets are available for this chapter as part of Appendix 3 of the open- 
resource e-learning material for the volume. These summarize the chapter 
contents and provide further information. The e-learning material is available 
at  http://www.cabi.org/openresources/93814 and also on a USB stick that is 
included with this volume.
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Executive Summary and Key Messages

Objectives

 1. To empower plant breeders and leaders in research and development (R&D) 
to consider future agricultural landscapes across Africa.
 2. To equip breeders with methodologies to design new varieties that will 
 remain relevant and satisfy market demands over time.
 3. To identify drivers that may affect whether farmers adopt new varieties in the 
future.

The chapter focuses on equipping breeders with the skills and methodologies to 
consider the changes taking place in Africa‘s food and agricultural production. 
It shows breeders how to use foresight to anticipate future demand requirements 
and incorporate these into new variety designs. Specifically, it provides a hol-
istic approach to: (i) analysing the current agricultural landscape and challenges 
in Africa within a context of market supply and  demand; (ii) understanding the 
drivers of change and their predictability; and (iii) using the methodology of 
 social, technological, economic, environmental and policy drivers (STEEP ana-
lysis) and risk mitigation to create scenarios and  validate new variety designs.

How does demand-led variety design add value to current  
breeding practices?

• Future demand. Demand-led variety design focuses on trying to predict 
demand in the 5–10 year period after a new variety is released.
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• Visioning and forecasting. The application of best practices for visioning 
and forecasting to demand-led variety design offers new approaches to add 
value to current postgraduate and professional development programmes 
for plant breeders.

• Risk analysis. Risk analysis of demand-led design considers the uncertainty 
of future scenarios and the effect that drivers of change can have on future 
demand.

Implications for role of the plant breeder
• Visioning and foresight. These are key skills for demand-led breeders. 

Breeders need to be aware of the broader considerations that can affect the 
supply and demand equation in food production and the livelihoods of 
smallholder farmers and value chains, and lie beyond the scientific and 
technical areas of plant breeding and genetics. This requires the gathering 
and interpretation of a range of information from other disciplines and from 
a wide variety of sources.

• Partnering with a wide variety of expertise. Foresight requires breeders to 
interact with other specialists, such as economists, social scientists, private 
sector business managers, environmental and climate change specialists, 
public officials and policy makers.

Key messages for plant breeders

Current trends
• Trends. Breeders need to be aware of the changes taking place in African 

agriculture in both their own and neighbouring countries, and of the policy 
landscape for their work.

• Baseline data. It is important for breeders to access reputable data sources 
and to have a baseline of information that will enable them to investigate 
key trends in their home country.

Forecasting future landscapes
• Timetable assumptions. It is critical to understand the mostly likely devel-

opment and registration timetable for each new variety design and to have 
a rigorous and comprehensive development plan (see also Chapter 5, this 
volume).

• Changing demand. Foresight analysis is needed to determine who the variety 
is being designed for and whether this client group’s needs or preferences 
will change along the projected timetable for release to farmers. Relying only 
on current market research information to predict what the future will look 
like on these long timescales is a high-risk approach.

• Predicting the future is difficult. Using driver- and scenario-based methods 
(STEEP) can help to avoid the creation of redundant varieties and builds 
confidence in plant breeding programmes among governments, investors 
and R&D managers.
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Integrating foresight into new variety design
• Best practices. Foresight methods are used to review variety designs that 

are currently being developed or as a starting point for the creation of new 
designs. Both approaches are equally valid. Every trait characteristic in 
each product profile should be analysed and a decision taken on whether 
the trait and benchmark is likely to remain relevant for its intended users 
during the time period required for variety development.

• Risk management. Risk analysis and mitigation is an essential procedure 
and a cornerstone of testing the long-term viability of demand-led designs. 
Decision points are required in the stage plan and risk spreading needs to 
be considered (e.g. understanding the benefits and costs of maintaining 
many biologically diverse germplasm lines).

Key messages for R&D leaders, government officials and investors

Current trends
• R&D leaders and managers need to support their staff by understanding 

and communicating key trends and providing reputable data sources to use 
for scenario analysis.

Forecasting future landscapes
• Key drivers of change. R&D leaders should monitor and review the broad 

range of the key drivers that can change the future agricultural supply and 
demand landscape, and discuss the implications of the results obtained 
with their breeders. Incorrect estimates or wrong assumptions can invali-
date designs and lead to low varietal adoption.

• Scenario analysis. R&D leaders, governments and public and private in-
vestors in breeding programmes need to understand the time that it takes to 
develop new varieties and to support breeders in using the best methodolo-
gies to test and review the validity of their breeding goals, objectives and 
product profiles.

• Partnerships with experts. Experts in social trends, advances in core breed-
ing technologies, agricultural economics, climate change, government pol-
icy and value chains should be identified and their partnerships with plant 
breeders encouraged and supported.

Integrating foresight into new variety design
• Annual reviews. R&D leaders and managers should commission annual 

reviews of their institution’s plant breeding designs and risk-mitigation 
strategies.

Introduction

The objectives of this chapter are:

 1. To empower plant breeders and research and development (R&D) leaders to 
consider future agricultural landscapes across Africa.
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 2. To equip breeders with methodologies to design new varieties that will 
 remain relevant and satisfy market demands over time.
 3. To identify drivers that may affect whether farmers adopt new varieties in the 
future.

The chapter focuses on equipping breeders with the skills and methodologies 
to consider the changes taking place in Africa‘s food and agricultural production. 
It shows breeders how to use foresight to anticipate future demand requirements 
and incorporate these into new variety designs. Specifically, it provides a hol-
istic approach to: (i) analysing the current agricultural landscape and challenges 
in Africa within a context of market supply and demand; (ii) understanding the 
drivers of change and their predictability; and (iii) using the methodology of so-
cial, technological, economic, environmental and policy drivers (STEEP analysis) 
and risk mitigation to create scenarios and validate new variety designs.

Visioning and foresight are important skills for a demand-led breeder. In 
order to create varieties that satisfy client and market needs, awareness of and 
competency is required in the use of the following:

• Information sources. Seeking and recognizing reliable information sources 
by investigating national statistics, regional documentation and reports, and 
data from international organizations that deal with food security and policy.

• STEEP analysis. Identifying and understanding social, technological, eco-
nomic, environmental and political drivers of agricultural change.

• Scenario creation. Identifying unpredictable drivers and constructing scen-
arios of what the future agricultural landscape might look like based on 
these splitting factors.

• Testing assumptions. Testing the variety development assumptions against 
the scenarios created.

• Risk mitigation. Using risk mitigation and analysis as an essential proced-
ure and a cornerstone of testing the sustainability of the forecasted 
 requirements.

The chapter aims to enable plant breeders to: (i) understand the language 
and terms used in identifying drivers of agriculture; (ii) be discerning about 
the quality of data available; and (iii) critically analyse the implications of key 
conclusions from experts in the various disciplines that contribute to foresight 
analysis. It also aims to act as a resource for education in this field. For this 
purpose, boxes are included in several sections of the chapter that summarize 
their educational objectives and present the key messages and questions that 
are involved; in addition, there is a final box at the end of the chapter that sum-
marizes its overall learning objectives.

Demand-led approaches to variety design depend heavily on the accuracy 
of the information obtained from participatory breeding approaches, stake-
holders in the value chain and consumers. Typically, this market research infor-
mation is provided within the context of current markets and consumer needs 
(see Chapter 3 this volume).

However, this chapter focuses more on future analyses by defining what 
the future demand and breeding technology landscape could look like. Both 
accessing detailed market research information and having a vision of what the 
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needs and preferences of clients could be in the future are essential in new var-
iety design. Current market data and future trends need to be treated iteratively 
to make decisions on breeding targets and new variety designs.

Further, this chapter focuses on broadening breeders’ perspectives and in-
creasing their awareness of current trends, opportunities and challenges for 
African agriculture, so as to put their work into a strategic context and see 
how it contributes to agricultural development and food security. This requires 
breeders to understand the current status and baseline of agriculture in their 
countries as the starting point for forecasting the future. These trends then need 
to be monitored and updated at least annually using the best available infor-
mation sources and reliable data pertinent to the continent and to individual 
countries in Africa, so that breeding goals can be influenced continually.

Agriculture in Africa: Outlook, Challenges and Policy (Box 2.1)

Agriculture in Africa faces many challenges. These have been summarized in 
recent reports (NEPAD, 2014, 2015) from the African Union’s Comprehensive 
Africa Agriculture Development Programme (CAADP), which was endorsed by 
Africa’s Heads of State and Government in 2003 (NEPAD, 2013). The African 
Union comprises all of the countries of the continent of Africa, and it provides 
Africa’s policy framework for agricultural transformation, wealth creation, food 
security and nutrition, economic growth and prosperity for all; its technical body 
is NEPAD, the New Partnership for Africa’s Development. The policy framework 
is a set of principles and strategies to help countries review their own situ-
ations and identify investment opportunities that have the optimal impact and 
returns. CAADP provides an evidence-based planning process with knowledge 
as a key primary input, and human resources development and partnerships as 
central factors. It aims to align diverse stakeholder interests around the design 
of  integrated programmes adapted at the local level. Although it is continental 
in scope, CAADP aims to integrate national, regional and continental efforts to 
promote growth of the agricultural sector and its economic development.

The challenges highlighted in the CAADP strategy for 2015–2025 are:

• the food and nutrition requirements of African populations;
• economic inequality and poverty in rural areas;
• high population growth;
• the impacts of globalization on African agriculture, including the effects of cli-

mate change, markets and the search for new resources of green energy; and
• the maintenance of control over national natural resources.

Strategies for transforming African agriculture

Several strategies are being advocated for transforming agriculture in Africa through 
national, regional and international fora and agencies that are active throughout 
the continent (FARA, 2014). These strategies include various combinations of:
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Box 2.1. Agriculture in Africa – outlook, challenges and policy: educational objectives.

Purpose: to understand the concepts of market supply and demand; the outlook and chal-
lenges facing African agriculture; and how the business of plant breeding can contribute 
solutions to these challenges.

Educational objectives:

• to understand the concept and definition of supply and demand;
• to know the current status of African agriculture and the key challenges being faced in 

delivering agricultural development and food security;
• to be aware of the current status of supply and demand of key agricultural commodities in 

Africa and be able to access reputable data sources;
• to be familiar with national, regional and pan-African government policies to address food 

security and agricultural development and their respective targets;
• to understand targeted national R&D objectives and investment plans, and how plant 

breeding and improving crop genetics fits within this agenda;
• to decide how targeted plant breeding programmes can contribute to national goals; and
• to be able to access key data sources and monitor trends, issues and challenges in 

 agriculture in targeted countries and across Africa.

Key messages

• The key message for breeders is to be aware of the changes taking place in African 
agriculture, especially in their own and neighbouring countries.

• Plant breeders need to know the policy landscape in which their work is situated and how 
crop improvement can contribute to food security and agricultural development.

• Breeders need to recognize that their entrepreneurialism can contribute to economic 
growth, improved smallholder farmer livelihoods and increased food security, i.e. that 
‘Improved varieties can change lives’.

• It is also important for breeders to know how to access reputable data sources and to have 
a baseline of information for the targeted country and investigate key trends. This informa-
tion is essential for the creation of future scenarios and also in developing the business 
case(s) to support future public and private investments in demand-led breeding (see 
Chapter 7, this volume).

Key questions

• What is the current status of African agriculture?
• What are the key challenges facing African agriculture?
• What is the current balance of supply and demand for major African food crops?
• How do you measure supply and demand?
• What are the current public agricultural R&D policies at the national, subregional and 

 continental level?
• What is the ‘Science Agenda for the Transformation of Agriculture in Africa’ and how do 

plant breeding and demand-led approaches feature within it?
• How can plant breeding make a difference to lives and livelihoods in Africa?

• improving agricultural productivity;
• ensuring the availability and widespread use of quality farm inputs, including 

seeds;
• affordable access to new technologies, including biotechnologies;
• facilitating the growth of agricultural markets and trade;
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• investing in public infrastructure for agricultural growth;
• reducing rural vulnerability and insecurity;
• improving agricultural policies and institutions;
• foresight and visioning to meet market/consumers’ demands; and
• increasing investments in the agricultural sector, including through public– 

private partnerships.

The Forum for Agricultural Research in Africa (FARA) oversaw the develop-
ment of the Science Agenda for Agriculture in Africa (FARA, 2014), a process 
that identifies the challenges and opportunities that science and technology 
can bring to the transformation of agriculture in Africa.

Breeders can contribute solutions to the current challenges by developing 
new varieties that improve:

• productivity – creating more productive varieties that meet consumer 
needs and preferences;

• nutrition – improving the nutritional composition of new varieties;
• seed supply – supporting the development of new varieties with traits that 

are in high demand by farmers and other value chain participants, thus 
 enabling the emergence of seed retailers and distributors;

• value creation – supporting variety designs to satisfy different market 
segments, thus enabling greater market value and pricing structures for 
new entrants and new business development (see also Chapter 3, this 
volume);

• value chains – catalysing dialogue among government officials, farmers 
and value chain clients and stakeholders to find solutions for dysfunctional 
value chains;

• business investment – providing information on new varieties and creating 
designs that are targeted at attracting food processing companies to invest 
in targeted countries;

• climate change adaptation – addressing climate change trends in variety 
designs and supporting the analysis of crop improvement for resilience 
and/or shifting agricultural production to other crop species in response to 
climate change; and

• capacity building – supporting the education and training of new breeders 
so that there is sufficient human capacity in both public sector and the 
growing private sector breeding programmes in Africa.

Public–private partnerships in transforming agriculture in Africa
There is a new resolve by African governments to improve agricultural prod-
uctivity and increase engagement and cooperation with the private agri-
business sector. There is also international recognition of the potential that 
Africa holds for agriculture This is evidenced by the number of high-level 
commitments that have been made to support the transformation of Africa’s 
agriculture:

• CAADP. The African Union and participating countries are implementing 
CAADP, which includes building relationships with the private sector and 
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encouraging regional trade agreements, and regional harmonization on 
regulatory matters (e.g. in the seed sector).

• African Development Bank (AfDB). The AfDB is supporting two initiatives 
to support the transformation of African agriculture, one on Technologies 
for the Transformation of African Agriculture (TAAT) and a second termed 
the African Agricultural Research Program (AARP) (see AfDB, 2016; FARA, 
2016).

• A Green Revolution for Africa (AGRA). AGRA’s portfolio on agriculture 
includes substantial support for plant breeding and seed systems through 
the Program for Agricultural Seed Systems (PASS) and agro-dealership de-
velopment in Africa (SourceWatch, 2012).

• New Alliance for Food Security and Nutrition. This alliance was launched 
in 2012 (as a G8 initiative) and is a shared commitment between African 
governments, G8 governments and private industry to increase investment 
in Africa where the conditions are right to expand Africa’s potential for 
rapid and sustainable agricultural growth (The White House, 2012; New 
Alliance, 2017).

Agricultural supply and demand in Africa

Definitions
supplY aND DemaND. This is one of the fundamental concepts of agricultural 
economics and it is the backbone of a market demand-led economy. Unmet 
demand is a precondition for the emergence of new businesses and local 
enterprise in the agricultural and food sectors in Africa.

DemaND. Demand refers to the quantity of a product or service desired by buyers. 
The quantity demanded is the amount of a product customers are willing to 
buy at a certain price. The relationship between price and quantity demanded 
is known as the ‘demand relationship’.

supplY. Supply represents how much the market can provide. The quantity 
supplied refers to the amount of goods producers are willing to provide when 
they receive a certain price. The correlation between price and how much of a 
good or service is supplied to the market is known as the ‘supply relationship’. 
Price, if unimpeded market forces are prevailing, is strongly influenced by 
supply and demand (Hayes, 2015).

At a national level, food demand can be calculated by multiplying popula-
tion by per capita consumption. Domestic supply can be calculated by multi-
plying the area of crops grown by the total yield. When demand is greater than 
supply, if financing is available and the country has trade arrangements, then 
food can be imported to meet the unmet demand. However, for many countries 
in Africa, there is a food supply deficit and hunger is the consequence. During 
famines and other critical food shortage periods, food aid may be provided by 
foreign governments and international agencies, either in kind or as a grant to 
purchase food.
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Supply
Africa has 60% of the world’s land that is suitable for agricultural production. 
In sub-Saharan Africa (SSA), small-scale farmers account for 80% of agricultural 
production and 70% of these farmers are women. Farm size is typically under 
0.5 ha. Future food security and economic development is highly dependent 
on increasing the productivity of African smallholders. Farming is characterized 
by low inputs and low yields, with the average yields of many crops being well 
below the global averages. Although productivity has been increasing in some 
countries, it is not keeping pace with population growth, and food imports are 
being used to fill the gap, as supply cannot keep pace with demand. Africa’s total 
food deficit is projected to increase to 60 million tons and cost US$14 billion by 
2020 (AGRA, 2013).

Over the past decade, increases in production have come mainly from in-
creasing the area of land used for agriculture rather than from productivity growth. 
The reasons for low productivity gains are many and complex (see Figs 2.1 and 
2.2). They include the constraints listed under the five headings below:

iNfrastructure

• hard constraints: roads and port capacity, irrigation systems and access to 
water; and

• soft constraints: tariff barriers.

agricultural proDuctivitY

• lack of defined land ownership rights;
• surplus agricultural land that allows expansion, although often at the cost 

of the environment; and
• lack of government investment and poorly developed extension services.

agriculture iNput markets

• low quality seed;
• lack of use of crop protection inputs;
• lack of distribution networks for seeds, fertilizers and agrochemicals;
• few commercial private sector companies operating in many countries; and
• lack of credit for smallholder farmers to purchase inputs.

agriculture output markets

• lack of connectivity and access of farmers to markets;
• underdeveloped crop value chains for retailers, processors and food com-

panies; and
• lack of bargaining power of farmers on prices.

agricultural r&D

• lack of sufficient government investment in R&D;
• lack of improved varieties for many of Africa’s staple crops;
• lack of capacity in modern molecular science; and
• insufficient R&D scientists and a brain drain to industrialized countries.
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Overall constraints
War; corruption; governance; education; lack of

country economies of scale
Low interregional trade

Highest tariffs
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Fig. 2.2. Reasons for low productivity in African agriculture. Provided by  
J.L. Shoham.
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Fig. 2.1. Challenges of African agriculture: low productivity in smallholder farming. 
Data from PS&D (Production, Supply and Distribution), USDA Foreign Agricultural 
Service.
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Demand
populatioN growth. Growth of demand in Africa is the fastest in the world and 
this, in turn, is driven by the highest rate of population growth. Population growth 
rates vary in different countries of Africa but the average is over 3% p.a. (see 
Fig. 2.3). Currently, there are about 800 million people in Africa and, of these, 
at least 220 million are undernourished. These rates are projected to continue 
and the population size is expected to double in 35 years. This compares with 
negative population growth rates in Europe and around 0.5% p.a. growth in North 
America, Asia and Latin America. A key feature of African population growth 
rates is that the growth in urban areas and cities is over double that in rural areas. 
This is of critical importance to plant breeders, as the design of new varieties must 
cater for the preferences of food industry suppliers and consumers who live in 
cities and towns. Demand-led breeding approaches can meet this need.

ecoNomic growth. The economies of African countries are growing. A primary 
indicator of economic growth is gross domestic product (GDP). GDP 
represents the monetary value of all goods and services produced within 
a country within a specified time period (Investopedia, 2015). Typically, it 
is calculated on an annual basis and is used to compare the economies of 
different countries. Currently, many countries in SSA have GDP growth rates 
of 4–8% p.a., compared with less than 2% in Europe and North America (see 
Figs 2.4 and 2.5) (World Bank, 2015). The agricultural sector contributes, on 
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Fig. 2.3. Africa at a glance: the highest rate of population growth, as illustrated by 
the CAGR (compound annual growth rate) for 2010–2050. Data from the United 
Nations Population Fund (UNFPA).
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average, 30–40% of total GDP and employs 60% of the total workforce, across 
the countries of SSA (FARA, 2014).

With economic growth and more money available for people to purchase 
food, consumer preferences change to higher demand for animal-sourced foods 
(meat, milk and eggs), as well as for more fruit and vegetables and convenience 
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foods, especially among urban consumers. Producers are also more able to 
 respond to the demands of the export market (Fig. 2.6).

R&D capacity and investments in plant breeding in Africa

Africa has a unique, crop-based diet, with strong local, national and regional 
food preferences. Consumers in each country have their own preferences for 
staple crops and food recipes. Africa also has its own unique agro-ecological 
zones and a spectrum of specific pests and diseases that have required dedicated 
attention. Many crop varieties developed for other parts of the world often have 
limited utility in African ecosystems. However, access to the world’s best ger-
mplasm and quality screening for specific characteristics and selection for utility 
is a good starting place for breeders working on food  security crops in Africa.

Private sector seed companies invest little in R&D in plant breeding for 
many of these staple crops, especially where open-pollination systems, farm-
er-saved seed and clonal crops are the norm, and sustainable businesses and 
remuneration models involving hybrid seeds or technology fees for varieties 
with traits introduced through novel genetic modification (GM) are not feasible. 
The private sector does not have breeding programmes on staple food crops in 
Africa, such as bananas, yams, sweet potatoes, cassava, millet, pumpkins, indi-
genous African vegetables and many other such orphan crops. In these cases, 
crop improvement is wholly dependent on investments by African governments 
and international development agencies in the plant breeding programmes of 
African national agricultural research systems and the international agricultural 
research centres. Yet plant breeding in SSA provides a good example of the 

- Uganda: growing apples, displacing 
 imports

- Zambia: increase of cotton 
 production

- Kenya: flower exports surpassed 
 coffee exports

- Ethiopia: beans and coffee from local 
 cooperatives responding well to 
 international markets 

- DRC Congo: post-conflict areas relying on 
 cavies for nutrition and growth

Fig. 2.6. Economic growth in Africa: responding to new market demands. Cover 
shown of the World Bank’s Awakening Africa’s Sleeping Giant (2009). From The 
World Bank.
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volatility of funding for R&D within that region (Lynam, 2010), where it is es-
sentially a public sector enterprise, with limited sources of funds as well as 
unpredictable recurring support to guarantee continuity and longevity. These 
factors have an integral negative impact on the overall integrity of the plant 
breeding system.

Current plant breeding capacity in Africa
There are approximately 800 plant breeders in SSA. More than half of these 
breeders (ca. 500) work in national plant breeding programmes in just four coun-
tries (South Africa, Nigeria, Ethiopia and Kenya); another 100 breeders are staff 
of the international agricultural research centres and regional programmes across 
Africa. The remaining 200 breeders are spread over some 40 countries of SSA.

Regional capacity building programmes in plant breeding aim to strengthen 
plant breeding capacity in SSA. These include the formal postgraduate pro-
grammes offered by the West Africa Centre for Crop Improvement (WACCI) in 
West Africa, the African Centre for Crop Improvement (ACCI) in eastern and 
southern Africa and Makerere University in Uganda for eastern Africa, as well 
as the professional development and research opportunities provided through 
Biosciences eastern and central Africa (BecA) and the CGIAR centres at the 
BecA regional biosciences hub in Nairobi.

Seed Systems

Seed distribution systems are vital for smallholder farmers to be able to access 
improved varieties and quality seed. Africa’s seed systems are at various stages 
of development, with only South Africa having a fully privatized seed sector 
similar to that in industrialized countries. A number of countries in eastern and 
southern Africa have evolving and progressive seed systems. Local seed com-
panies (small and medium-sized enterprises (SMEs) and multinational agribusi-
ness companies are investing in operations in Kenya, Uganda, Zambia, Malawi 
and Zimbabwe, with seed supply being most advanced for maize and soybeans 
(Figs 2.7 and 2.8). Most countries in SSA are at an early stage of seed system 
development and this is the major limiting factor preventing new varieties from 
reaching many farmers.

Private sector seed companies will often seek to employ an experienced 
plant breeder or agronomist as a starting point to understanding local oppor-
tunities and crop variety requirements. Typically, only once commercial oper-
ations are proving successful and profitability is reached will companies invest 
in their own local breeding programmes. The companies then look to recruit 
successful breeders from the public sector.

In developing countries, as with seed system development, there is a life 
cycle of evolution from public to private investment. In Africa, there is cur-
rently minimal private sector breeding taking place. As seed systems grow and 
become profitable, it is likely that there will be an increase in demand for pro-
fessional breeders in the private sector. It usually follows in the longer term that 
the appetite of governments to finance the private sector’s product pipeline (and 
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thereby profit) – by using public funds to support commercially viable plant 
breeding – declines. In Europe, North America and Australia, there is virtually 
no public plant breeding on core food crops, with the public sector focusing 
on pre-breeding activities, while private seed companies develop finished 
varieties. It is likely that a similar trend will evolve in those African countries 
where the agricultural sector transforms successfully from primarily subsistence 
agriculture to agriculture as a profitable business enterprise for small-, medium- 
and large-scale farmers. However, it is also likely that the breeding of certain 
food security crops will remain in the public sector for the foreseeable future, 
especially for clonally propagated crops with limited commercial potential for 
developing a seed business (e.g. banana, cassava, sweet potatoes).

Visioning and Foresight Using STEEP Analysis and Scenario 
Creation (Box 2.2)

Forecasting the future landscape by analysing drivers of change

Overview
Creating product profiles for new crop varieties based on market research and 
on consultations with farmers and all other key stakeholders in crop value 
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Fig. 2.7. Global seed companies investing in Africa. From Shoham (2014). With 
 permission from Informa’s AGROW.
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Box 2.2. Visioning and foresight using STEEP analysis and scenario creation: educational 
objectives.

Purpose: to understand the core drivers that affect the supply and demand of food production 
and to create future agricultural scenarios using the STEEP (social, technological, economic, 
environmental and policy drivers) methodology.

Educational objectives:

• to define and describe drivers that may change the African agricultural landscape using 
the STEEP framework;

• to understand how these drivers influence supply and demand and can change future 
crop requirements, variety design and client needs and preferences;

• to identify the current and future commodity preferences for both producers and consumers;
• to identify key information sources and experts from across disciplines and assess the 

relevance and validity of information;
• to become aware of private sector seed companies and food companies operating in 

various countries in Africa and engage with them; and
• to create future scenarios and analyse their probability and impact on supply and 

 demand.

Key messages

• Predicting the future is difficult and only in hindsight is there a ‘right’ answer.
• Using the STEEP methodology to build scenarios can help to avoid the creation of redundant 

varieties and assists confidence building for public and private investors, governments and 
R&D leaders.

• Scenario building is a way of forecasting possible futures. It is a methodology for 
 exploring the full range of possibilities and the associated validity of plant breeding 
goals.

• Relying only on current market research information to predict the future is a high-risk 
 approach.

• Identification and partnering with key experts in social trends, core breeding technology 
advances, economics, climate change, government policy and stakeholders in value 
chains is essential.

• Incorrect estimates or invalid assumptions about the future for each of the key drivers can 
invalidate the success of strategic plans.

Key questions

• What are the current drivers of agricultural change?
• What is the evidence supporting the existence of these drivers?
• What are the possible scenarios that could occur to change the demand for varieties?
• What are the demographic features or trends of the society (e.g. age distribution, lifestyle, 

education level and other social considerations)?
• How will climate change affect other drivers of agricultural change?
• What is the future for acceptance of GM biotechnology traits and new technologies in 

various countries?
• Will regional harmonization of seed registration requirements occur and, if so, when?
• How connected should breeders be with private sector seed companies and value chain 

participants?
• What will be the food deficit in Africa by 2025 if actions are not taken?
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chains is the essence of demand-led plant breeding. The accuracy and reli-
ability of market research and the use of farmer-participatory breeding meth-
odology is linked to the time horizons of the respondents. In R&D terms, this 
is typically short for both farmers and seed-producing organizations. Farmers 
focus on their current activities and the problems they are facing during the cur-
rent season and, potentially, during the next season. Seed producers may have a 
similar short time horizon, focusing on challenges over the next 1–3 years. For 
new variety releases, seed producers may have a 3–5 year outlook. However, 
the time frame for de novo breeding takes much longer. For most crops, and in 
most countries, new, demand-led plant variety designs developed by breeders 
today will need to remain relevant for at least 10 or more years into the future.

Some key questions for breeders participating in learning about demand-led 
variety development are:

• How relevant are the answers that you have been given by stakeholders in 
your crop value chain?

• Which design elements and drivers of change will remain stable over the 
time it will take to develop a new variety and which could change?

• How will you know if changes are taking place?
• How can you predict whether your designs will match the demands of 

 future clients?
• How can you create a vision for what is needed in the future that has 

granularity and can be continuously monitored?

The scenario creation approach
Predicting the future is extremely difficult. However, creating different future 
scenarios by analysing drivers and the uncertainty linked to these drivers can 
prove to be extremely useful in determining the relevance and risks linked to 
new variety designs.

The driver analysis and scenario approach was developed by the Shell 
Company in the 1970s. It involves systematically identifying the full set of 
drivers that could change the future, and then, constructing potential alterna-
tive scenarios of how the future landscape could look. Organizations can then 
evaluate their product development strategies and new designs to see whether 
or not these will still be relevant to the market on the timescale required for 
new product creation.

The future will probably turn out differently from any of the scenarios 
created. However, the process of building the scenarios will: (i) increase 
awareness of the external factors that can affect the successful uptake of new 
varieties; and (ii) provide breeders with the possibility of testing and validating 
the applicability of their variety designs and development strategy against 
 potential different agricultural future landscapes and their associated risks.

The process of forecasting and visioning the future by creating scenarios 
follows four steps:

Step 1: Driver identification. Identify the drivers of future agricultural change 
and organize them into five categories, namely social, technological, eco-
nomic, environmental and political (STEEP) drivers, assigning a level of pre-
dictability to each one.
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Step 2: Information source identification. Seek and evaluate the reliability of 
critical information sources.
Step 3: Splitting factors and scenario creation. Focus on the drivers that are 
unpredictable and are therefore considered to be ‘splitting factors’ to create 
scenarios of what the future agricultural landscape might look like. Regularly 
track and monitor splitting factors during the course of the breeding programme 
for further changes.
Step 4: Variety specification validation. Test new variety development assump-
tions against the scenarios created. These scenarios are then used as an input 
for decisions on the goals of the breeding programme and the design of the 
varieties.

step 1: Driver iDeNtificatioN aND preDictabilitY. Identify the drivers of future change 
for the targeted crop and country and organize them, using the following STEEP 
framework:

• social drivers – population growth, urban versus rural population trends;
• technology drivers – changes in the breeding scheme (e.g. type of parental 

lines, hybridization, genotyping and phenotyping technologies) and changes 
in the breeding approach (e.g. pre-breeding, core breeding and post-breeding 
evaluation);

• economic drivers – economic growth/GDP per capita, market sizes and 
value, food industry development, supermarket and retailer development, 
the emergence of seed distribution systems, crop price trends;

• environmental drivers – climate change, crop certification schemes; and
• political drivers – food self-sufficiency targets, government investment, 

seed harmonization regulation, food safety regulation, trade and exports, 
biosafety regulation for the use of GM crops.

Social drivers. Social drivers include population growth and urbanization, 
both of which have impacts on diets. The predicted rapid rise in population 
growth in cities and the changing food preferences of city and town dwell-
ers are major drivers for the future. Few urban consumers will be growing 
their own food. Breeders need to consider the food preferences of urban 
dwellers when creating new variety designs and how they obtain this con-
sumer information; in addition, they need to consider information on the 
agronomic and  production requirements of the designs that is obtained 
through farmer participatory breeding programmes. The consumer accept-
ability of new products arising from the application of new technologies, 
including genetic modification to produce GM crops, is also a social driver 
that differs between countries and over time. Some examples of social 
drivers are given in Fig. 2.9.

Technological drivers. Technological drivers are those with which breeders 
are very familiar. The genomics revolution is creating many new possibilities to 
factor into future scenario planning. Often, both these technological drivers 
and the acceptance and use of new technologies are far from predictable.
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These drivers factor in all changes over the overall breeding method-
ology/cycle that have an impact on the rate of genetic gain. The genetic 
gain is the amount of increase in performance. It is improved by a sole  
increase or by a combined increase of the selection intensity, selection ac-
curacy and genetic variance, and/or by a reduction in the number of years 
per breeding cycle. These drivers include changes in pre-breeding, core 
breeding and post- breeding evaluation. Pre-breeding involves genetic diver-
sity, trait identification and marker development. Core breeding relates to: 
(i) the development of either fixed lines and hybrid lines (the selection of 
existing natural parental lines or genetic variants, recombination of genes/
genomes and selection of best recombinants through accurate phenotyping 
and high throughput genotyping/DNA marker technology) or (ii) population 
breeding, including shuttle breeding. Post-breeding evaluation deals with 
selecting ‘mega’ varieties and selected lines per target population environ-
ments (TPEs).

Approaches that will shape the evolution of classical breeding into speed/
smart breeding for the future include the use of:

• New molecular markers, such as simple sequence repeat (SSR), expressed 
sequence tagged (EST) and single nucleotide polymorphism (SNP)-based 
markers, which will increase selection accuracy.

• High throughput, low-cost sequencing, genotyping and phenotyping tech-
nologies to deal with large populations, which will reduce phenotyping 
error and therefore increase the intensity and accuracy of selection.

• An informatics pipeline, which will provide a meaningful sense of the 
huge amount of genomic data generated through the sequencing platforms 
after data curation and analysis.

• Genome-wide selection (GWS) and genomic selection (GS) – two 
prediction- based breeding methods that are used, respectively, to develop 

Driver Impact Predictability Source

Population 
growth

Total demand High UN data 

Urbanization Dietary habits 
and tastes

High UN data 

GM accept-
ability and 
regulation 

Technical 
possibilities

Low IFPRI, ISAAA,
news media 

Fig. 2.9. Social drivers of change for new crop varieties. Key: GM, genetic modification; 
IFPRI, International Food Policy Research Institute; ISAAA, International Service for 
the Acquisition of Agri-biotech Applications; UN, United Nations.
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genome- wide population maps, and to produce more accurate typing than 
plain phenotyping, which will reduce the number of years per breeding cycle.
○ GWS is a marker trait association technique using historical phenotypic 

data on a given population. It measures and analyses DNA sequence 
variations across a target subpopulation genome from a given population 
to identify traits that have common association in this population. The 
ultimate goal of GWS is to use this linkage to make predictions about 
which individuals in the population may have the trait of interest for the 
development of new varieties.

○ GS is an innovative plant breeding method that uses statistical model-
ling to predict how a plant will perform before it is field tested. The 
performance of the given line is estimated based on its genomic esti-
mated breeding values (GEBVs), which depend on the accuracy of the 
statistical model used for its computation.

• Data integration and decision support platforms, which include the Inte-
grated Breeding Platform (IBP), the CGIAR Excellence in Breeding (EiB) 
platform and the Integrated Genotyping Services and Support (IGSS), and 
provide access to the tools and support needed by breeders.
○ The IBP is a comprehensive suite of tools (the Breeding Management Sys-

tem, BMS) and services (e.g. genotyping) developed by the CGIAR Gen-
eration Challenge Programme (GCP) and its partners to help breeders in 
their day-to-day activities to manage breeding activities efficiently from 
project planning to statistical analysis and decision support via data col-
lection, storage, curation and management. The stand-alone version of 
the BMS is already used by over 200 breeders in developing countries.

○ The new EiB, led by the International Maize and Wheat Improvement 
Center (CIMMYT), aims to bring high-throughput genotyping, pheno-
typing and other services, to large breeding programmes in the CGIAR 
system.

○ The IGSS is a joint venture between the BecA platform at the Inter-
national Livestock Research Institute (ILRI) in Nairobi and the Diver-
sity Array Technology (DArT, from the Australian company of that 
name) for the development and delivery of breeding support services 
based on a cost-efficient and affordable business model. The plat-
form also integrates related informatics data management, data ana-
lyses and decision-support services for the investigation of common/
orphan crops and complex genomes. It also provides a wide range of 
applications from simple gene/quantitative trait locus (QTL) fine 
mapping to complex genomic selection via genomic prediction and 
genome-wide association study.

Some examples of technological drivers are given in Fig. 2.10.

Economic drivers. Economic drivers cover factors such as crop prices, eco-
nomic growth as measured by GDP per capita (GDP), and investments in the 
food chain – from the seed sector through to investments in food processing 
and food retail. These factors influence the demand side for crops and the 
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supply side for seeds. Some of these drivers, such as the GDP-related ones, are 
predictable; others, such as the development of infrastructure and the agro- 
dealer network are less predictable. Some examples of economic drivers are 
shown in Fig. 2.11.

There is a strong correlation between GDP per capita and the types of 
food consumed. Rising incomes typically means increased demand for and 
consumption of animal-sourced foods (meat, milk and eggs) and fruits and 
vegetables in diets. GDP growth in Africa is expected to remain high in the 
future, but this needs to be considered on a country-by-country basis. As the 
food processing and retail sectors develop, they also create new crop require-
ments. The development of the food processing and retail sectors in Africa re-
flects a general trend in increasing foreign direct investment on the continent 
(Fig. 2.12).

Environmental drivers. Environmental drivers relate to key parameters such 
as climate change, water availability and pest incidence (Fig. 2.13). All of 
these affect crop production and the supply side of the supply and demand 
equation. Despite the efforts being made to better understand and model 
 climate change, the future changes remain largely unpredictable. Breeders 
need to connect with the experts in climate change who are working on fore-
casting models in their own country and use the emerging information in 
their breeding programmes. Specifically, focus is required on the timescales 
being predicted for change. If these are within the timescale of the breeding 
programme and delivery of the new variety, then assumptions on factors such 
as future drought resilience and temperature requirements should be built 
into the trait requirements in the variety design.

Driver Impact Predictability

Biotechnology Genetic variance, speed and cost Low

High-throughput 
phenotyping

Selection intensity, number of years
per breeding cycle

Low

High-throughput 
genotyping

Selection accuracy, breeding speed 
and cost

High

Pre-breeding Breeding possibilities Low

Core breeding Breeding possibilities Low

Post-breeding Breeding possibilities Low

Big informatics data Data management and analysis Low

Fig. 2.10. Technological drivers of change for new crop varieties.
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Crop and food certification schemes, which are proliferating, can also be 
included in this category of drivers. Both can have a major impact on crop pro-
duction requirements and access to both domestic and international markets.

Some key questions concerning environmental drivers are:

• What are the predictions for climate change in the target country and what 
will be the impact?

Zimbabwe

Zambia

Uganda

Tanzania

Rwanda

Nigeria

Namibia

Mozambique

Madagascar

Kenya

Ghana

DR Congo

Botswana
Angola

0 20 40 60 80 100
No. of stores

Shoprite
Choppies
Pick n Pay
Nakumatt
Mass Mart
Uchumi

Fig. 2.12. Selected multi-country food retailers (supermarkets) in Africa. From  
Promar  Insight, June 2014 (Promar International, 2014).

Driver Impact Predictability Source

GDP/capita Food consumption 
patterns

High World Bank;
FAO Food 
Balance Sheets

Food industry 
/retailer 
development

Demand for 
improved seeds,
AMCs 
Scope for PPPs

Medium Reardon (2011) 

Seed company 
developments

Seed improvement Medium Informa (2014) 

Dealer network Accessibility of 
seeds

Low AGRA (2013) 

Fig. 2.11. Economic drivers of change for new crop varieties. Key: AMCs, advanced 
market commitments; PPPs, public–private partnerships.
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• Will the cropping systems need to change?
• What are the specific environmental parameters that need to be factored 

into new variety design, e.g. water availability at a specific growth stage, 
heat or cold tolerance, light intensity, etc.?

• What food certification requirements will be needed for food processing 
companies or retailers for exports?

Political drivers. Political drivers embrace seed regulations, agricultural sub-
sidies and tariffs, all of which have an impact on both supply and demand for 
crops, and trade- related developments such as regional trade agreements. Re-
gional and national R&D investment strategies also are key drivers for breeders. 
Political drivers are inherently unpredictable. Some examples of political 
drivers of change are shown in Fig. 2.14.

The application of STEEP drivers. Different STEEP drivers will have an impact 
on different aspects of plant breeding. Plant breeders need to be aware of the 
key drivers influencing the demand and supply equation in the target country for 
their key crops and how this could affect their targets of choice and their crop 
designs. Breeders should also be tracking the changing array of technology op-
tions and solutions that could be pertinent to addressing their breeding goal(s). 
In terms of access to new scientific developments and new technologies, variety 
development, capacity strengthening and the delivery of new varieties to farm-
ers, breeders need to decide on the preferred, most cost-effective approach, 
which may be through in-house solutions, contract outsourcing, partnering or a 
combination of all three of these approaches.

Having been through the above process of identifying the drivers and 
analysing their predictability, plant breeders should now be in a position to 

Driver Impact Predictability Source/ Milestones

Climate
change 

Crop yields
Agronomic traits
Extreme events

Low IPCC/Paris, 2015

Certification 
schemes

Traceability
Food safety
Export market 
access  

Medium

Pest 
incidence

Crops yields and 
quality

Low CABI Plantwise

Fig. 2.13. Environmental drivers of change. Key: CABI Plantwise, a global pro-
gramme led by CAB International that works to help farmers lose less of what they 
grow to plant health  problems; IPCC/Paris 2015, United Nations Intergovernmental 
Panel on Climate Change/Paris Agreement within the United Nations Framework 
Convention on Climate Change.



50 N. Yao et al.

construct scenarios that could affect their own breeding programmes, to track 
ongoing developments for the most important drivers and to adjust their variety 
designs accordingly over time.

step 2: reliable iNformatioN sources. For each key driver, breeders need to seek 
input from experts in that discipline in their country so that they have the best 
information and expert advice to make decisions on their breeding goals, targets 
and variety specifications. Who and where are the experts in the country? Are 
they in the breeder’s home institution or elsewhere? Breeders should enquire 
about the most reliable information sources that can be used for national 
statistics and other drivers of change, and would help to reach an understanding 
of the speed at which changes can occur. National agricultural investment 
plans and other CAADP documents should be consulted for information on 
national priorities as an important driver. When considering future technology 
and science drivers, it may be useful for breeders to consult with pan-African 
and international experts in the field; if so, who are they? Breeders also need to 
ask whether they are connected with the best and most successful breeders of 
the relevant crop worldwide who may be implementing new approaches, and 
whether there are approaches that can speed up the breeding programme if 
resources or new germplasm can be found.

Clearly, national statistics are the place to start. It is worth questioning 
how these data have been generated. The data may not always be accurate. For 

Driver Impact Predictability Source

National seed 
laws 

IP protection
Private sector 
investments 

Low SeedQuest

Regional 
seed/variety   
harmonization 
schemes

Development 
costs, speed of 
variety release 

Low COMESA, 
ECA, ECOWAS
SADC 

Agricultural 
policies (CAADP)

Investment 
focus 

Low CAADP
website

Nutrition policies Consumer 
traits

Medium IFPRI

Fig. 2.14. Political drivers of change. Key: CAADP, Comprehensive Africa Agriculture 
 Development Programme; COMESA, Common Market for Eastern and Southern 
Africa; ECA, Economic Commission for Africa; ECOWAS, Economic Community 
of West African States; IFPRI, International Food Policy Research Institute; SADC, 
Southern African Development Community; SeedQuest, a central information 
 website for the global seed industry.
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example, data from actual farming surveys are likely to be more robust than 
data obtained from expert panels. Data from the World Bank, the International 
Food Policy Research Institute (IFPRI), the United Nations (UN) Food and 
Agriculture Research Organization (FAO) and other UN agencies are reputable 
and well used. It is often best to consider ranges of values rather than absolutes 
and to understand the range of values where the assumptions used for decision 
making still hold true. Also, data can be interpreted in different ways. Reading 
only the summaries of reports can be misleading. Breeders do not need to be 
skilled in all disciplines related to drivers of change, but they do need to be able 
to understand the language and terms used and be discerning about the validity 
of data, and be able to think critically about the implications of key conclusions 
from experts in other disciplines.

step 3: sceNario creatioN aND the use of splittiNg factors. A splitting factor is a 
driver that is difficult to predict. STEEP methodology uses splitting factors 
to create different scenarios of what the future can look like. An example 
of a splitting factor driver is consumer acceptance and government support 
for the commercialization of GM crops in African countries. The risks and 
benefits issues and regulatory requirements are understood by scientific 
experts. Consumer surveys and other market research will demonstrate 
the range of consumer views, but it is extremely difficult to know whether 
governments will provide registration approvals, on what time frames these 
may be provided and at what cost. Depending on the acceptance landscape 
of the target country, selecting a breeding strategy that is wholly dependent 
on the acceptance of GM crops in that country and finding an investment 
partner to finance the costs of meeting regulatory requirements, including any 
environmental studies, will depend on many assumptions. These assumptions 
may or may not be fulfilled and are difficult to predict. Therefore, as a core 
dependency for success, a breeding strategy wholly based on using GM 
technology may have high risk. However, the risk could be lowered by 
including GM and other new technologies along with more conventional 
breeding as a broader breeding strategy for developing a suite of new crop 
varieties with targeted traits.

Splitting factor 1: a regulatory and consumer acceptance driver
Scenario 1:

• A regulatory framework for genetically modified organisms (GMOs) is in 
place or expected to be approved within 5 years.

• The targeted trait is not the first to reach the market in Africa.
• No other technology can provide the disease resistance (or another essential 

trait) required and smallholder farmers lobby the government for approvals 
to be given.

• The trait has been already registered and product consumed in five coun-
tries of the Organisation for Economic Co-operation and Development 
(OECD).
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Scenario 2:

• It is unclear when the regulatory framework of the GMO will be approved. 
No regulatory approvals are likely in-country over the next 10 years.

• The targeted trait is the first to be tested and reach the market in Africa.
• Some improved performance may potentially be achieved by searching for 

resistance in wild relatives and incorporating this trait into the crop plant 
through wide crossing.

• The trait is registered and used in the USA but not in countries of the European 
Union (EU).

Splitting factor 2: molecular breeding technology uptake and adoption by 
breeders
Scenario 1:

• The facilities and skills for molecular breeding are in place or are expected 
to be established within a short time.

• Molecular breeding technologies are not the first new technologies to be 
applied and adopted by African scientists.

• No other technology can efficiently address the constraints (or several essen-
tial traits at once) and breeders are willing to apply the technology.

• The molecular breeding approach is used worldwide in advanced research 
institutions and has proven efficient and effective in modern breeding.

Scenario 2:

• It is unclear when facilities and skills will be built and provided to breeders. 
There are no indications of initiatives in progress to develop the required 
facilities and skills.

• Molecular breeding is in its infancy of application and adoption in most 
African breeding programmes.

• Other innovative breeding schemes can be investigated by increasing gen-
etic gain by increasing the number of crop cycles a year and the intensity 
of selection using high-throughput phenotyping.

• Most steps of the cultivar development pipeline that use molecular breeding 
can be outsourced or implemented in partnership with advanced research 
institutions outside Africa.

For each of the above two types of splitting factor, a consideration of two dif-
ferent scenarios of the regulatory and consumer environment and/or new tech-
nology adoption, as well as the technical challenges, enables a decision to be 
made on which is the more likely scenario for the country/crop/trait concerned. 
This process will influence the decisions made on new variety design and the 
preferred technology approach.

Signposts. Each of the unpredictable drivers/splitting factors discussed above 
should be monitored by identifying signposts that can help breeders predict 
which way the outcome is heading. The creation of a network of experts and 
information sources that will be alert to changes taking place is advisable. 
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These networks can operate at a national, regional and/or global level. Some 
examples of signposts are:

• mutual recognition of variety registration data within a region such as the 
Common Market for Eastern and Southern Africa (COMESA);

• new seed laws in place;
• trade harmonization agreements; and
• the launch of a major GM food crop in one or more African countries (e.g. 

GM maize).

In addition to tracking selected signposts, it is important to incorporate 
review points in the development plans of the breeding programme to en-
sure that the lead breeder actively take decisions in response to external risk 
factors. Some scenarios will mean that the traits selected in a new variety 
design may need to be amended over time. Alternatively, the analysis may 
confirm that the combination of traits selected is the right one with which 
to proceed.

step 4: varietY specificatioN valiDatioN. This step involves reviewing the assumptions 
used in the new variety design and testing these against each scenario. 
Specifically, this includes revisiting the timelines required to develop and 
release a new variety and the likely time frames for each forecast. In the case of 
de novo design, this includes deciding which traits will remain relevant for the 
most likely scenarios of the future, taken over 10–12 years.

Integrating Foresight into New Variety Design (Box 2.3)

This chapter (Chapter 2) and the variety design tool described in Chapter 
4 of this volume together provide the systematic framework for breeders to 
create new designs. Each aspect of the product profile should be reviewed 
using the time horizon it will take to create a new variety within the breeding 
programme.

First, in the light of the future scenarios created, the crop segment should 
be re-examined to see whether the client base, location and market are ex-
pected to remain as predicted, or whether significant changes are likely to 
occur.

Second, each trait characteristic should be examined in the light of 
 future predictions. It may be that some traits change in terms of their rela-
tive value and importance within the breeding programme. Some traits may 
 become redundant, while other traits may need to be included in the pro-
file. The quantitative benchmark for success for each trait may also need to 
be adjusted in the light of new information. The practical output from the 
forecasting and visioning exercise is a revised product profile for each client 
segment that is fit for purpose, with an associated monitoring plan to track 
changes in requirements and milestones for review within the breeding stage 
plan over time (see also Chapter 5, this volume).
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Managing Risks (Box 2.4)

Types of risk

The main risks associated with forecasting approaches come from lack of demand 
and failure of supply.

Lack of demand
• Incorrect assumptions are made about market demand, based on inaccur-

ate or inadequate information.
• The critical number of clients with demand decreases or preferences change.
• Easier solutions are found to address clients’ needs instead of using 

 genetics.
• Better varieties are produced by somebody else that meet clients’ needs 

and preferences.

Supply failure
• Technology promises fail to deliver.
• The development time takes much longer or more resources are required 

than was expected.
• Farmers and consumers’ preferences have been inaccurately identified.
• The cost of the product to consumers is unaffordable.

Box 2.3. Integrating foresight into new variety design: educational objectives. 

Purpose: to ensure that the design of all new varieties that are developed has taken 
into account potential changes in demand within their agricultural setting over the next 
decade.

Educational objective: to integrate long-term drivers into the creation of new variety designs 
and priority setting within breeding programmes.

Key messages

• Foresight methods can be used to validate or review existing variety designs or as a starting 
point for the creation of new designs. Both approaches are equally valid.

• Clarity is needed on who the variety is being designed for and whether this client group 
will change.

• A detailed review is required of every trait within an individual variety design, and the 
product profile should be amended accordingly.

Key questions

• Who will be the clients and what will their needs be in 5–10 years?
• Will a new variety designed today still serve the needs of the farmers and value chains 

that it was designed for, given the time it will take to be developed, registered and 
 released?

• Which traits should be changed or included in the product profile based on different future 
scenarios?
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Risk mitigation options

Transparency of assumptions
Clarity is essential in the core assumptions made about the vision of the  future 
agricultural landscape and the market environments into which a new var-
iety will enter. There should be a list of specific assumptions available on 
the range of success criteria that are being used to design the target variety, 
including:

• the variety development timetable;
• its date of registration and availability to farmers;
• the numbers of farmers expected to have access to the variety and who will 

want to use it;
• the emergence of seed producers and distributors;
• the entry of private sector versus public distribution systems;
• the availability of alternative varieties;
• the acceptance of the specific technology used by consumers; and
• access to technology and trait germplasm sources.

Box 2.4. Risk management: educational objectives. 

Purpose: to understand the importance of risk management in new variety design and also 
the importance of taking risk mitigation actions to ensure that demand for the new varieties 
will endure during the variety development process.

Educational objectives:

• to identify the range of risks and uncertainties in a variety design when using STEEP (social, 
technological, economic, environmental and policy) driver analysis and scenario-based 
forecasting;

• to evaluate and prioritize these risks; and
• to decide on preventive actions to avoid or mitigate these risks.

Key messages

• Review key success criteria and the associated risks in targeted variety designs. Look at 
every trait characteristic in the design and decide whether it will remain relevant for its 
intended users during the time required for variety development.

• Understand the benefits and costs of maintaining many biologically diverse germplasm 
lines to spread the risk. Integrate decision points into the stage plan (see Chapter 5, this 
volume).

• Risk analysis and mitigation is an essential component for testing the longer term viability 
of variety designs.

Key questions

• What are the main potential risks in the targeted variety design?
• What are the associated potential impacts and consequences of these risks?
• Who and what will be affected by these consequences?
• How can the breeder manage or mitigate these risks?
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Monitoring and early warning systems
A monitoring system is essential for each of the key drivers and risk assump-
tions, in order to provide early warning if the assumption is proving to be 
incorrect. Continuous interaction is required with value chain participants 
and government officials who influence the enabling environment, in areas 
such as trade policy and regulatory systems. Issues like changing trade pol-
icies and food safety regulation take time for governments to achieve. By 
monitoring the enabling environment and its specific elements, emerging 
risks should be evident well in advance and mitigation measures put in 
place.

Risk mitigation options
Given future uncertainties, there are a number of actions that can be considered 
for the mitigation of risks, such as:

• maintaining a diverse set of variety selections that meet the broadest set of 
criteria for the scenarios created, and the areas of uncertainty, for as long 
as is economically possible in the breeding programme;

• maintaining awareness by key clients in the value chain of the lead ger-
mplasm selections and involving them in the progressive decision making on 
the selection of lines going forward;

• regularly reviewing and testing the key assumptions underlying variety 
 selection; and

• encouraging investment that supports the diversification of breeding 
technology tools/platforms that are additional to conventional breeding 
techniques.

Learning Methods (Box 2.5)

Before this chapter concludes, a summary is provided in Box 2.5 of learning 
methods – together with assignments and assessment methods – for each of the 
main topics that have been covered in the main sections of the chapter: Agriculture 
in Africa: Outlook, Challenges and Policy; Visioning and Foresight Using STEEP 
Analysis and Scenario Creation; Integrating Foresight into New Variety Design; 
and Managing Risks.

Box 2.5. Learning methods, assignments and assessment methods.

Agriculture in Africa: Outlook, Challenges and Policy

Learning method

• PowerPoint presentation on principles of supply and demand and challenges facing African 
agriculture.

• Web search of literature and related information for group discussions on supply and 
 demand for staple food and cash crops.

Continued
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Case studies

• Search and review relevant case studies on demand and supply on relevant crops in or 
outside Africa.

Assignment

• Review the CAADP (Comprehensive Africa Agriculture Development Programme) strategic 
implementation plan (2015–2025) and national investment plans and highlight how a 
national plant breeding programme can contribute to the delivery of targets.

Assessment

• Assignment.
• Exam questions on the key principles of supply and demand and the challenges facing 

African agriculture.

Visioning and Forecasting Using STEEP Analysis and Scenario Creation

Learning method

• Power point presentation to learn the STEEP (social, technological, economic, environmental 
and policy) process.

• Group learning by using the STEEP process to identify the main drivers of change that 
could affect the group’s crop breeding programmes and whether the drivers affect the 
 supply or demand side of their variety design assumptions. The creation of scenarios and 
identification of splitting factors for monitoring.

• Web search for literature on drivers and splitting factors.
• Selected reference documents (see list at end of this chapter) may be used to discuss a 

range of types of drivers that can influence the design of new varieties.

Assignment

• Participants in the learning process to investigate the relevant literature and speak to 
 experts in the field to identify the most important drivers of change and create a set of 
scenarios of the agricultural landscape that are relevant for their crop breeding pro-
gramme in their country. Also to suggest probabilities for each driver and highlight the 
drivers and splitting factors that they will monitor as professional breeders.

Assessment

• Ex ante evaluation on the breadth of knowledge of participants on agricultural drivers
• Ex post evaluation via exam questions on the core principles of: (i) supply and demand; 

(ii) drivers of agricultural change; (iii) the STEEP method and use of splitting factors to 
create future agricultural scenarios that can affect plant breeding programmes.

Integrating Foresight into New Variety Design

Learning method

• Group discussions on integrating longer term requirements into variety designs and plant 
breeding programmes.

• PowerPoint presentation giving examples on how to do this.

Box 2.5. Continued.

Continued
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Assignment

• Participants to review the specific trait characteristics in their designs and highlight those that 
have the greatest uncertainty. To search for relevant expert inputs and information from the 
literature and the Internet and decide whether changes should be made to the design(s). Also, 
to review whether crop breeding is the most appropriate way forward or whether there are 
easier and quicker solutions that can be found as viable alternatives to meet clients’ needs.

Assessment

• Assignments.
• Exam questions on how to incorporate foresight into product profiles/new variety design, 

using examples to test the decision making of breeders.

Managing Risk

Learning method

• PowerPoint presentation on core principles.
• Web search of literature and related information on risks associated with visioning and 

forecasting methods.
• Group discussions to explore risks and mitigation methods using assumption-based sup-

ply and demand approaches.

Case studies

• Ghana tomato processing case study (Baba et al., 2013).
• Seek case studies for learning from participants attending demand-led continuing profes-

sional development workshops (see assignment below).

Assignment

• Participants to seek examples of varieties registered at their home institutions that have a 
low track record of adoption by farmers. To identify what were the primary reasons for low 
adoption and rank these by importance. To classify the reasons into client demand or 
seed supply reasons. When the primary reason is a demand failure, then to investigate in 
detail if/what design features reduced the interest of farmers or the supply chain. To share 
these examples for future professional development courses.

• Practical session for participants to identify and evaluate potential risks facing their own breed-
ing programmes, highlight specific assumptions being used in their variety designs and out-
line the actions and risk reduction measures that should be implemented in the programme.

Assessment

• Assignment
• Exam questions on the importance of risk mitigation measures and maintaining early warn-

ing systems that detect changes in the assumptions used in new varieties under  development.

Box 2.5. Continued.

Resource Materials

Slide sets are available for this chapter as part of Appendix 3 of the open- resource 
e-learning material for the volume. These summarize the chapter  contents and pro-
vide further information. The e-learning material is available at http://www.cabi.
org/openresources/93814 and also on a USB stick that is included with this volume.

http://www.cabi.org/openresources/93814
http://www.cabi.org/openresources/93814
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Executive Summary and Key Messages

Objectives

 1. To equip plant breeders with the knowledge and methods to understand cli-
ents and their value chains, their needs, what they prefer and what they are 
prepared to pay for in a new variety.
 2. To understand markets and the need, importance and principles of market 
research and best practices to guide the information gathering from clients and 
from crop value chains to drive and validate new variety designs.

The chapter aims to enables plant breeders to: (i) define clients and stakeholders; 
(ii) understand the various categories of clients in value chains – including seed 
distributors, farmers, processors, traders, retailers, marketers and consumers, 
as well as their activities; (iii) identify market segments and their importance in 
determining the number of new varieties required; and (iv) understand different 
types and methods of market research and the best practices to follow in order 
to obtain the information required to design ‘fit-for-purpose’ new varieties from 
clients and stakeholders.

How does demand-led breeding add value to current breeding practices?

• Client focus. Breeding goals and objectives are set based on what clients 
want and need without bias towards either what technology can offer or a 
specific focus on individual trait improvement.

3 Understanding Clients’ Needs
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• Value chains. Greater understanding is required about the structure of crop 
value chains, and the buying and selling factors of different clients and 
their relative priority in setting new variety designs.

• Participatory approaches. Demand-led breeding includes, but goes be-
yond, farmer participatory breeding. It puts more emphasis on regularly 
consulting and understanding the needs and preferences of all clients and 
stakeholders in a crop value chain, including, but not restricted to, farmers. 
It also seeks information from consumers in urban locations and rural areas 
through participatory rural and urban appraisals. Consultation is a continu-
ous requirement throughout the whole process of variety development, 
registration and launch, as well as post release.

• Dual-purpose varieties. A new variety not only supports farmers’ require-
ments for crop productivity and home consumption but also ensures that 
surplus crop produce can enter markets, thus generating cash returns to all 
of the value chain participants.

• Variety design and benchmarking. Stronger emphasis is placed on system-
atic, quantitative assessment of varietal characteristics and on creating prod-
uct profiles with benchmarks for varietal performance and line progression. 
Consumer-demanded traits are recognized as being as important as produc-
tion traits. This requires a greater strategic prioritization of traits among the 
many that are required for farmers, processors, seed distributors, transporters, 
retailers and consumers. Hence, it may involve the development of different 
varieties for different segments of the value chain.

• Market research. Stronger emphasis is given to gathering unbiased, reliable, 
independent information on clients’ needs and preferences.

• Market and business knowledge. Breeders require greater knowledge about 
crop uses, markets and the ‘business/economics’ of breeding. This takes the best 
practices from plant breeding and integrates them with the best practices in 
business.

Implications for the role of the plant breeder
• The business of plant breeding. Breeders are required to learn the ‘business 

of plant breeding’ and be able to gather and assimilate information from 
multiple clients and sources within crop value chains. The approach uses 
participatory appraisals in both rural and urban situations, including devis-
ing participatory appraisal methods to interact with traders, retailers and 
consumers in urban situations.

• Partnering and collaboration. Breeders can broaden their reach, influence and 
know-how beyond their technical competencies and so be able to manage col-
laborations and partnerships with the private sector, policy makers and investors.

Key messages for plant breeders

Crop uses
• An understanding of all crop uses and of the effect the properties of a variety 

have on individual crop uses is vital to successful demand-led breeding and 
high market adoption rates.
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Clients and stakeholders
• A client is a customer, buyer, purchaser or receiver of a new crop variety, 

its crop produce or processed material from a seller, vendor or supplier in 
the value chain for a monetary or other consideration.

• The term stakeholder is broader and includes clients and any other per-
son or organization with an interest in a given crop situation, action or 
enterprise.

Market segments
• A clear definition is required of clients with similar requirements as these 

then represent market segments. Product profiles need to be created for 
specific market segments of clients.

Clients within value chains
• Understanding clients. An understanding of clients is central to demand-led 

variety design, release and adoption. It is essential to be clear on who the 
clients are and what affects their buying decisions.

• Value chains. Breeders need to understand value chains and the relative 
importance of different clients in the chain, as well as their requirements in 
new variety design.

• Different clients. Different clients in value chains have different require-
ments and not all of these requirements can always be satisfied with the 
same variety, especially when there are specialist properties required for 
processing. Breeders should have regular contact with clients in all parts of 
the value chain and involve them in new variety design.

• Client location and scale. The geographic location of clients is important, 
as is knowledge of whether the benefits and value of new varieties are 
also applicable for potential clients across national borders. The analysis 
of agro-ecological zones should be given particular attention. The more 
clients that can benefit from each new variety, the greater the investment 
case for a breeding programme, especially when it can have a multi- 
country impact.

Understanding markets and market research
• Best market research practices. Breeders need to access key information 

from farmers and all clients in crop value chains. The best quality market 
research methods – those that remove bias – should be used. This requires 
skilled third parties, such as social scientists and independent market 
 research agencies, to gather information and conduct interviews on behalf 
of their plant breeder clients.

• Partnering with social scientists. Breeders should liaise closely with the 
social scientists who are conducting ex ante impact assessments and seek 
to include additional questions that can be used to influence new variety 
design and plant breeding programmes.

• Participatory appraisals. Participatory rural appraisals (PRAs) are a starting 
point for gathering market research information. PRAs focus on farmers, 
but they also need to be extended to many other clients in the value chain, 
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especially to traders, retailers and consumers in urban and city situations. 
PRAs then become ‘participatory appraisals’.

• Avoid making assumptions. Breeders require regular contact with key cli-
ents in order to avoid making incorrect assumptions based on the use of 
historical data rather than on the current situation and future projections.

Key messages for research and development (R&D) leaders, government 
officials and Investors

Clients within value chains
• Understanding clients and value chains. More support is needed, not only 

for technology and scientific capacity building in breeding programmes in 
Africa, but also for assessing the needs of clients and value chains.

• Seed system development. For the development of seed systems and for 
 improved seeds to reach farmers, especially in remote locations, distributors 
require portfolios of ‘fit-for-purpose’ varieties. Portfolios of new varieties are 
also required for market creation, growth and business sustainability.

• Public–private sector partnerships. In the first instance, public sector breed-
ing programmes should be the key source for clients and value chains of new 
varieties of food security crops that are currently not commercial (export) 
crops. In the longer term, a developing local private sector seed business is a 
more sustainable strategy for both food security crops and  export crops.

Understanding markets and market research
• Markets and segments. Enabling breeders to understand markets and 

market segments requires endorsement and support from R&D leaders, 
managers, government officials and investors.

• Market research. R&D leaders, managers, government officials and invest-
ors need to recognize that detailed information is required from clients 
throughout a whole crop value chain. This requires adequate funding for 
market research to be included both in national R&D budgets and in pro-
ject proposals for external grants. Social scientists are well equipped to 
undertake market research, and during impact appraisals they should be 
requested to include additional questions on topics that are relevant to 
plant breeders.

Introduction

The objectives of this chapter are:

 1. To equip plant breeders with the knowledge and methods to understand 
 clients and their value chains, their needs, what they prefer and what they are 
prepared to pay for in a new variety.
 2. To understand markets and the need, importance and principles of market 
research and best practices to guide the information gathering from clients and 
from crop value chains to drive and validate new variety designs.
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The aim of the chapter is to enable breeders to: (i) define clients and 
stakeholders; (ii) understand the various categories of clients in value chains – 
including seed distributors, farmers, processors, traders, retailers, marketers 
and consumers, as well as their activities; (iii) identify market segments and 
their importance in determining the number of new varieties required; and 
(iv) understand different types and methods of market research and the best 
practices to follow in order to obtain the information required to design ‘fit-
for-purpose’ new varieties from clients and stakeholders. It also aims to act as 
a resource for education in this field. Towards achieving this purpose, boxes 
are included in several sections of the chapter that summarize the educational 
 objectives of these sections and present the key messages and questions that 
are involved. There is also a final box at the end of the chapter that summarizes 
the overall learning objectives.

Crops and their Uses (Box 3.1)

Plant species have evolved over the millennia, with vascular plants first 
 occurring on the planet around 130 million years ago. Homo sapiens is esti-
mated to have appeared less than 500,000 years ago. Since that time, humans 
have capitalized on nature’s diversity and bounty for food, clothing, medicine, 
energy and shelter, as well as for the air that we breathe. Most of the 330,000 
plants on the planet are inedible as a result of their chemical defence arsenal 
against predators, fungi, bacteria, viruses and nematodes. Only about 7000 
plant species or their parts comprise food sources and, of these, about a dozen 
are major food crops.

We are resourceful with the plants around us and the crops we grow. 
Typically, we think of the specific part of a plant that we eat, without paying 
much attention to the rest of the vegetative biomass, but in places where re-
sources are limited, every part of the crop is utilized as food, animal feed, 
shelter, bedding, etc. So we need to view the whole crop plant and take a hol-
istic approach to understand the social and community norms. In demand-led 
breeding, it is vital to understand all of the uses of the crop plant, and the 
people, clients and markets that may be affected by changing specific plant 
characteristics. This includes considering crops that require processing or cook-
ing to become food. At the simplest level, this can be hand milling sorghum or 
wheat to make flour, or pounding and boiling cassava to denature residual toxic 
cyanogenic glucosides. A key component to successful demand-led variety 
 design is to understand all of these processing and cooking components, and 
to incorporate these requirements into new designs and the process of  selecting 
for the best characteristics. As an example, Fig. 3.1 illustrates the range of fresh 
and processed food uses of tomato in Ghana.

Crops have many uses that go beyond their use as food, such as their use 
as animal feed, in industry, for energy and in public health and medicines. For 
example, cassava (Manihot esculenta) is an important staple food crop in the 
humid and subhumid zones of sub-Saharan Africa, where it provides over half 
of the dietary calories for over 200 million people. It was introduced into central 
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and West Africa from Brazil by Portuguese traders in the 16th century, and then 
spread widely across Africa. In addition to its widespread use as a starchy staple 
food in Africa and Latin America, cassava also has multiple other uses, including 
as a source of starch and alcohol for industrial purposes, and as processed animal 
feed. In Asia, cassava is primarily grown as an industrial crop rather than a food 
crop. These multiple purposes need consideration by breeders when they are de-
signing new varieties (see Table 3.1).

The reason why it is important to understand all crop uses, client require-
ments and social and farming customs is because there are many examples 
of cases where a lack of knowledge or inattention by breeders to these mat-
ters has meant that breeding goals were set that led to ‘improved’ varieties 
that were not adopted by farmers (see Chapter 1, this volume, on variety 
adoption).

An example is the introduction of dwarfing genes into wheat and rice as 
the genetic basis of the ‘Green Revolution’, which transformed wheat and rice 

Box 3.1. Crops and their uses: educational objectives. 

Purpose: to understand the importance of identifying all uses of a crop and the range of 
clients and stakeholders that should influence the design of new varieties.

Educational objectives:

• to understand the diversity of crop uses;
• to be able to define and profile the clients(s) for a particular breeding programme and their 

needs, and who and what new varieties are being designed for; and
• to recognize there are different people who influence that breeding programme, and have 

a clear understanding of each of their roles and influence.

Key message

• Understanding all crop uses and the effect that the properties of a variety have on individ-
ual crop uses is vital to successful demand-led breeding and high market adoption rates.

Key Questions

• Who will use your variety and for what purpose?
• How would you define a client, a customer and a stakeholder?
• How many clients or client categories do you have?
• How many farmers can your variety serve?
• What are their needs?
• Where are they located?
• Who has dominance in the market?
• In relation to farmers, are clients in the same or different agro-ecological zones?
• Are there farmers with similar needs located in the similar ecological zones in neighbour-

ing countries or regions who could also be clients for your varieties?
• What are the demographics of the clients?
• Recognize there are multiple clients with different needs (e.g. farmers, traders, industry 

and the consumer) and that these needs may be similar or different in various parts of 
your country and in neighbouring countries. What are these needs and where are they 
located?
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Fig. 3.1. The different uses of tomato in Ghana.
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production in the Americas and Asia, respectively, from the 1970s onwards. 
A similar genetic approach was tried with cereals in Africa, whereby breeders 
introduced dwarfing genes into tall sorghum lines in West Africa and Ethiopia 
on the premise that the new varieties would produce substantial improvements 
in grain yield similar to those obtained in dwarf varieties of wheat and rice. 
However, these short straw varieties were not adopted by farmers in Africa 
 because the strong, tall stalks of the original tall sorghum lines are important 
for use as housing and fuel.

Similarly, rice farmers in Mali preferred tall rice varieties because the har-
vesting of short rice varieties became difficult for women with young children 
on their backs when they had to bend down for long periods of time (Effisue 
et al., 2008).

Breeders in the search for yield and pathogen resistance have tended to 
place less importance on consumer and processing attributes, and as a result, 
local varieties often remain preferred to new, ‘improved’ varieties. An example 
is the higher yielding, cassava mosaic disease (CMD)-tolerant varieties of cas-
sava bred in Zambia and Malawi. Adoption rates were low and slow during 
1990–2008 because the new varieties lacked the consumption attributes that 
were highly valued by farmers (Alene et al., 2013). Similarly, Timu et al. (2014) 
highlighted the importance of consumer attributes such as taste, brewing quality 
and ease of cooking for sorghum in their study investigating how multiple traits 
affected the varietal adoption of sorghum in Kenya.

Another important aspect for breeders to consider is the source of the gen-
etic variation available that reflect of the range of characteristics required and 
might be used to create potential improvements and new market segments. This 
is because the greatest genetic diversity tends to be located near to the ‘centres 
of origin’ of crop species. African diets include many crops that originated on 
other continents, including such staple foods as cassava, maize, potatoes and 
tomatoes, all of which originated in the Americas. Africa also has its own rich 
biological heritage, and this includes many crops that have their centre of origin 
in Africa, including finger millet, teff (Eragrostis tef), pearl millet, African rice, sor-
ghum, pigeon pea, bambara groundnut (Vigna subterranea), watermelon, musk 

Table 3.1. Cassava as an example of a multipurpose crop. Data from Dziedzoave 
and Hillocks (2012) and Kleih et al. (2013).

Type of market Uses

Food Pounded to flour, boiled or mashed
Fermented or made into dried chips

Other markets
Animal feed Poultry, pigs, sheep and goats
Beer Starch source for alcohol production
Industrial alcohol Starch source
Laundry industry Starch source
Mosquito coils Starch source
Paper Glue adhesive
Plywood Glue extender
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melon, coffee, African eggplant (aubergine) and oil palm. These crops have since 
spread out of Africa to other continents via long-standing trade routes, similar to 
the trade routes that also introduced crops into Africa from other continents.

Continuing international exchange of crop germplasm across countries 
and continents is of mutual benefit for crop improvement programmes world-
wide when seeking genetic diversity to address biotic and abiotic stresses, as 
well as consumer-preferred traits.

Clients and Stakeholders (Box 3.2)

The terms ‘client’ and ‘stakeholder’ are in common use in the business of plant 
breeding and new variety development. A client is a customer, buyer, pur-
chaser or receiver of a new crop variety, its produce, or processed material 
from a seller, vendor or supplier in the value chain, for a monetary or other 
consideration. Within the context of demand-led breeding, clients include seed 

Box 3.2. Clients and stakeholders within value chains: educational objectives. 

Purpose: a clear understanding of the types of individuals and organizations that are in 
value chains; and also of their different activities, requirements for raw materials and relative 
importance in contributing to new variety design.

Educational objectives:

• to understand the concepts of a value chain;
• to understand the clients and stakeholders involved in the value chain;
• to define the value chain(s) for a breeding programme;
• to know the right people in the value chain and create a multi-stakeholder platform for 

engagement and collaboration or resource mobilization; and
• to be able to assign the relative importance of the different stakeholders to the design of 

the variety being developed in the breeding programme.

Key messages

• Understanding clients. An understanding of clients is central to demand-led variety 
 design, release and adoption. It is essential to be clear on who the clients are and what 
affects their buying decisions.

• Value chains. Breeders need to understand value chains and the relative importance of 
different clients in the chain as well as their requirements for new variety designs.

• Different clients. Different clients in value chains have different requirements and, often, 
all clients cannot be satisfied by the same variety, especially when there are specialist 
properties required for processing. Breeders should have regular contact with clients in all 
parts of the value chain and involve them in new variety design.

• Client location and scale. The geographic location of clients is important, and also 
whether the benefits and value of new varieties are applicable to potential clients across 
national borders. The analysis of agro-ecological zones should be given particular atten-
tion. The more clients that can benefit from each new variety, the greater the investment 
case for a breeding programme, especially when it can have multi-country impact.

Continued
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companies, farmers, crop traders, processors, food companies, retailers and 
consumers. Stakeholder is a broader term that includes clients, but also any 
person or organization with an interest in a given crop situation, action or 
 enterprise. It includes anyone who can internally or externally affect, or can be 
affected by, an organization, strategy or plant breeding programme that is cre-
ating new varieties. Thus, stakeholders can also include government officials, 
investors and civil society organizations, among others.

Estimating the number of farmers who will adopt a new variety is a core ele-
ment of demand-led breeding. Their purchasing power drives investment cases 
for plant breeding, as farmers are the suppliers of produce to meet demand and 
the key contributors to achieving food security.

Most farmers in Africa grow crops for food and to improve their livelihoods 
by selling surpluses into their local, national and regional markets. If they are 
growing cash crops and are well organized, they may also enter international 
markets, such as those for coffee, cocoa, cashews and sesame. They are likely 
to adopt a new variety if it has qualities for ease of cultivation, harvesting and 
postharvest processing (is easy to cook, has a good taste and other culinary 
qualities) that are required by their markets. Their decisions are influenced by 
many social and economic parameters, not least that the overall benefits of 
changing varieties outweigh the risks.

Markets and Market Segments

Key message

• Clients with similar requirements need to be clearly identified as these 
groups represent market segments. Product profiles need to be created for 
specific market segments of clients.

‘Market segmentation’ can be defined as: ‘A strategy that involves dividing a broad 
target market (such as a crop) into subsets of consumers, businesses or countries 
with common needs and priorities, and then designing and implementing strat-
egies to serve them’.

Key questions

• What is a crop value chain?
• What is the crop value chain for your plant breeding programme?
• Who are the clients and stakeholders in the value chain?
• What is their business (e.g. growing, processing, wholesaling or exporting)?
• What is the relative importance of each client in your value chain?
• How do you engage with all the clients in the value chain of your product?
• How do you prioritize and weight client needs (e.g. by size of market, profitability or ease 

of supply)?

Box 3.2. Continued.
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A new crop variety should be designed to meet the needs of a group of 
 individual clients or organizations that have a set of common requirements. This 
group is termed a ‘market segment’. An understanding of market segmentation 
is required because it defines the scope and likelihood of farmer adoption of a 
new variety. It is rare that a single crop variety design will be able to meet all 
the requirements of farmers or consumers in a specific country or region. This 
is because there are many differing climatic, environmental, agro-ecological, 
commercial and logistical requirements for that variety design. Agro-ecological 
zones require particular attention here because modern satellite, geological 
and climatic data can help breeders to map out the potential users of their 
prospective varieties. Agro-ecological zones have no political boundaries and 
may occur in the same or different, neighbouring countries. Therefore, it is vital 
to understand these zones and the number of segments of clients with similar 
 requirements, and thus the number of variety designs that are required.

A market segment always has a monetary or social value that forms the basis 
of an investment case for a breeding programme. Each market segment has a 
specific size and monetary value that requires analysis of the clients purchasing 
the variety, e.g. the number of farmers, their location, their expenditure on seed 
and inputs or, potentially, what they can or would pay for an improved variety.

Examples of market segments in different parts of a value chain are: (i) a 
group of farmers that grow a crop in a particular agronomic way (e.g. toma-
toes grown under open field conditions in a specified agro-ecological zone in 
a country; or tomatoes grown in intensive production under vinyl); (ii) traders 
selling a specific market class of beans; (iii) a group of processors that requires 
a unique type of cassava that is suitable for the production of alcohol for fuel; 
and (iv) consumers with different varietal preferences, e.g. the purchase of Irish 
potatoes for either boiling or frying.

Case study: tomato market segmentation in Ghana

There are three segments of retailers selling tomatoes in Ghana: local markets, 
roadside groceries and supermarkets. There are also three types of purchasers: 
hotels and restaurants, local households and expatriates (Fig. 3.2). Further, there 
are different tomato varieties targeted at these different tomato customer seg-
ments, respectively: (i) large tomatoes for slicing and cooking; (ii) small cherry 
tomatoes for salads; and (iii) premium-priced, mini, amber plum tomatoes for 
snacking (Fig. 3.3).

Value Chains and Clients Within Value Chains

Subsistence farming, in which farmers save their own seed, do not use any fer-
tilizer or other inputs, and all of the produce is consumed by their own families, 
means such farmers are essentially self-sufficient. However, once a surplus is 
produced and farmers buy and sell inputs and outputs, then they are partici-
pating in a ‘value chain’. Value chains are often complex, with multiple actors 
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buying and selling in parallel, and they may be more aptly described as ‘value 
networks’. Historically, the first value chains started when people built settle-
ments and started to farm. In Africa, this was about 10,000 years ago; breeding 
also commenced around that time, with farmers saving seed and making their 
own selections.

A ‘value chain’ is composed of the activities, services and purchasing de-
cisions that bring a product from its conception to its end use in a particular 
industry. It comprises groups of clients with similar needs buying and selling 
either whole crops or processed components from the raw plant materials. 
The value chain is described by the series of activities and actors along the 
supply chain, and what and where value is added by these activities and actors. 
A demand-led breeder needs to understand all of these elements of the value 
chain of the crop, so that the needs of clients can be included in their new var-
iety designs. Understanding value chains becomes especially important when 
economic development leads to changing diets, as with the rise of the middle 

Type:
Use:
Pricing:

Large tomatoes
Fresh sliced, cooking
Economy price

Type:
Use:
Pricing:

Salads
Cherry (on the vine)

Mid-range price

Type:
Use:
Pricing:

Mini, amber plum
Salads and snacking
Premium price

Fig. 3.3. Types of fresh tomatoes, their uses and their pricing segments in Ghana.

Farmers

‘Market
queens’

Retailers

Consumers 1. Hotels and restaurants
2. Local households
3. Expatriates

1. Open market
2. Roadside grocery
3. Supermarkets

Local seed
producers/farmer-saved

seeds (informal)

Seed producers/
suppliers

Fig. 3.2. Retail and purchaser segments for fresh tomatoes in Ghana (‘market queens’ 
oversee entire marketplaces).
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classes, from whom there is greater demand for animal source protein-based 
foods, fruits and vegetables.

Value chain analysis defines where, how and why value is added and cre-
ated along the chain. Other than the farmers themselves, a ‘value chain actor’ 
is a person or organization buying or selling crop or processed products in the 
value chain. A ‘value chain service provider’ is an enterprise, such as a bank, 
creditor, insurance company or regulator, who provides specialized services 
to actors in the value chain. In a more complex value chain or network, each 
actor conducts different activities that add value within the chain. Table 3.2 
compares the actors in a simple value chain and those in a more complex value 
chain network.

In simple crop value chains, seed companies supply seed to farmers and 
the farmers produce crops that are sold to traders. The traders transport the 
produce to the processors and local markets which, in turn, supply whole-
salers. Wholesalers supply the retailers and supermarkets. From the farmer to 
the supermarket, value is being added to the primary farm produce at each 
step. The farmer will grow a new variety that his/her family likes to eat and 
the traders are able to sell, either at the local market or to the processors. In 
turn, processors generate products that the wholesalers will buy as they are in 
demand by retailers and supermarkets because they are sought by consumers 
(Table 3.2, List 1).

The actors in a more complex value chain are represented in Table 3.2, List 2. 
An example of such a more complex value chain is that of the bean value chain 
in Uganda. The activities of all of the clients in this value chain, which supplies 
beans and bean flour to retailers in Uganda, are illustrated in Figs 3.4 and 3.5.

In other examples, a typical value chain for maize begins with inputs such 
as seeds and fertilizers at the farming stage and moves on to the production 
of grain. The farmer can sell the grain to consumers or institutions that will, in 
turn, mill and process it into flour for consumption or further add value by cre-
ating other food products. In a wheat value chain, the variety must have good 
milling and baking qualities for it to be accepted by farmers, millers, bakers and 

Table 3.2. Actors in a simple crop value chain and a more complex value chain 
network.

Simple crop value chain (List 1) Complex crop value chain net (List 2)

Farmers Agrochemicals Millers
Local market Commodity producers Packers
Processors Consumers Processed foods
Retailers Crop breeders Refiners
Seed company/distributor Exporters Restaurants
Supermarkets Extension services Seed companies
Traders Farmers Seed producers
Wholesalers Fast food outlets Supermarkets

Importers Variety release agencies
Informal retailers Wholesalers
Manufacturers
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consumers. The farmer also needs a high yield of the variety because income is 
maximized according to the quantities sold. Therefore, a high-yielding wheat 
variety with good milling and baking qualities is ideal for all producers and 
purchasers in the value chain, and will create demand.

Breeders need to design varieties that will be accepted by all participants 
in the value chain. This may be possible with a single variety, but market seg-
mentation due to the different requirements of actors in the value chain may 
mean that different varieties will be required for different purposes. In Ghana, 
for example, the tomato varieties required for the fresh market are different 
from those required by the processing market (see Fig. 3.3). The best toma-
toes for processing need to have a high Brix value (high sugar content), dense 
flesh, low water content and low seed number. In contrast, characteristics such 
as flavour, colour, size and shelf life drive the consumer purchasing of fresh 
tomatoes.

Typically, farmers and processors should have the greatest role in variety 
design for staple cereal crops when the baseline germplasm contains the 
 required consumer characteristics for taste and cooking qualities. Yield, prod-
uctivity and production costs are then the key drivers for design. For fresh 
fruits and vegetables, the consumer is the prime decider on purchasing, espe-
cially in urban situations where shops offer a range of produce to consumers. 

Inputs
provision

Seed
companies, R&
D institutions,
Government &
NGO programs;
Agro-input
dealers

Supply farm
implements
and
bean seeds

Land
preparation,
Planting,
Weeding,
Harvesting,
Threshing,
Winnowing,
Drying and
packaging into
sacks,
Seed
multiplication,
Collective
production and
marketing,
Accessing
inputs,
credit

Bulking,
Transporting,
Marketing on
behalf of
producers

Checking for
dryness, Drying
(if not well
dried),
Sorting,
Washing,
Extrusion
(Soaking,
malting &
roasting)
Milling, Quality
control,
Packaging

Sorting,
Further drying
and treating/
fumigating
with
chemicals,
Storage,
Transport

Transporting to
their premises,
Further drying,
Sorting,
Storage, Selling
to final
consumer

Extension and
advisory
services
to the bean
producers

Producers
(individual and
producer
groups)

Village
assemblers:

Processors Wholesalers of
bean grains
and bean flour

Retailers of
bean grains
and bean
flour

(Bean flour
manufacturers)Middlemen

Production
Assembling/
Bulking Processing Trading

Fig. 3.4. Functions of bean value chain actors in Uganda. From the Kilimo Trust 
(2012), with kind permission.
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Therefore, consumers should have a greater involvement in determining the 
product design at an early stage of varietal design for new fruit and vegetable 
varieties.

Understanding Markets and Market Research (Box 3.3)

Understanding the market for a new variety is a critical component of successful 
design. A ‘market’ is a forum that allows buyers and sellers of a specific good or 
service to interact in order to facilitate an exchange. The price paid by individ-
uals during the transaction may be determined by many factors, but usually it 
is driven by supply and demand. Demand-led breeders need to recognize there 
are different client segments within a market and then commission the appro-
priate/relevant market research so as to understand the requirements for each.

‘Market research’ is also termed ‘opinion research’, ‘market survey’ or ‘poll 
marketing research’. The first known use of market research was a poll in 
Delaware in the USA in 1824 (Lockley, 1950). Market research is used in many 
industries and by public and private organizations, including governments, 
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Fig. 3.5. Ugandan bean value chain networks. From the Kilimo Trust (2012), with 
kind permission.
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companies, civil society organizations and consumer associations. The most 
familiar types of market research include traveller surveys at airports, telephone 
consumer product surveys, online customer satisfaction surveys from product 
providers and street interviews by pollsters around election time. Market re-
search agencies specialize in best practices and advanced techniques which 
are aimed at obtaining unbiased, quality data.

International agribusinesses use market research agencies to gather market 
information from customers about new product requirements and varietal per-
formance. This is so that they gain customer insights that are least affected by 
existing customer relationships or perceptions. Such agencies provide data of the 
greatest accuracy and can be trusted to be used for commercial decision making 
and investment in R&D and plant breeding. Market research is conducted by 

Box 3.3. Understanding markets and market research: educational objectives. 

Purpose: to understand markets, and the need, importance and principles of market research 
and best practices to guide information gathering from clients and crop value chains to drive 
and validate new variety designs.

Educational objectives:

• to understand market opportunities and how they affect new variety design;
• to identify best practices in market research, how to reduce bias and how to decide 

whether information on customer preferences is reliable;
• to understand that communication is key; and
• to establish a common language among breeders, market research investigators and 

non-technical colleagues and external advisors.

Key questions

• What is a market?
• What types of market exist for your new varieties?
• What kinds of market information do you need?
• What is the size of the total market that your varieties will serve in terms of numbers of 

farmers and value?
• How many market segments are there and what characteristics are required for each 

 segment?
• What are the information gaps about your markets?
• What is market research and how is it conducted?
• How can you get reliable market information and from whom?
• What are the core principles of best practice in market research?
• Who should be commissioned to do market research?
• When in your plant breeding programme should you consider doing market research to 

ensure that you maximize the chance of high adoption by farmers and other clients in the 
value chain?

• What is the difference between market rural appraisals and farmer/consumer market 
 research?

• How can you explore new market information, from whom and from where?
• In addition to market information, who else should be consulted on plant variety design?
• How do you follow changing market demands within your breeding programme?
• How can you respond to the changing markets?
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most private seed companies during new variety development, not just at the 
product concept stage but also at intervals all the way through breeding, product 
prototyping, launch and after the commercialization of new varieties.

Public R&D groups and not-for-profit based institutions with a public 
goods approach tend to focus more on understanding the livelihoods of and 
decision making by farmers and communities using socio-economic studies by 
sociologists, maybe in combination with agricultural economists. These studies 
are often driven by governments or investors wishing to review the impact and 
benefits of new technology introductions, research investments and/or devel-
opment interventions. It is unusual for public sector breeders to commission 
independent market research for the purpose of new variety design. Information 
is mainly gathered by plant breeders themselves, and this often only at the start 
of a new plant breeding project.

Benefits of market research
Market research enables clients’ opinions, needs and wants to be investigated. It 
can help to identify the needs of all clients in value chains so that solutions are 
developed that best address these needs. The benefits of market research include:

• ensuring that smallholder farmers can access varieties that will improve 
their livelihoods;

• enabling farmers not only to produce crops with a higher yield but also 
crops with the qualities needed to sell into markets;

• setting R&D priorities and delivering varieties that can stimulate market 
growth and value creation; and

• validating new variety designs, concepts or solutions.

Risks of not using market research
There are risks if market research is not used to understand and drive the targets 
for crop improvement. These risks include the following:

• New varieties, products or technological innovations are created but they 
are not used by farmers.

• Public or private money is wasted by developing redundant varieties.
• Investment in plant breeding does not give a return on investment and innov-

ation is not sustainable.
• A lack of confidence is generated within government agencies in the perform-

ance of their national research systems; this leads to finance ministries 
seeing R&D as a cost and not as an investment with a return.

• A lack of involvement and lack of credibility and trust by the public 
arises towards agricultural scientists and the new varieties that they are 
releasing.

Quality market research: core drivers and best practices
For reliable and accurate information there is need to be aware of best practices 
in conducting market research for demand-led variety development. The best 
quality market research is based on the following core principles:
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• ‘Fit-for-purpose’ methods are used that gather qualitative and quantitative 
data, such as:
○ personal interviews that involve unstructured-open ended questions;
○ focus groups in which a moderator uses a scripted series of questions 

or topics to lead a discussion among a group of people;
○ questionnaire surveys administered to a sample that represents the target 

market, with the larger the sample the better, as finances permit;
○ observations in which videotaping is carried out and observations 

made of customers’ shopping patterns; and
○ germplasm/prototype testing that uses trials that involve placing a 

new product in selected places and testing responses and reactions of cus-
tomers under real life conditions. Such trials can help to make prod-
uct modifications, adjust prices, or improve packaging.

• Appropriate communication tools are used, e.g. face-to-face, telephone, 
Internet, e-mail.

• The methods used are designed to understand the market and clients’ 
needs and the motives driving purchasing decisions, which are termed ‘key 
buying factors’.

• These methods also understand the psychology of respondents and the best 
ways to phrase questions.

• The risk of bias is minimized by using interviewers who are not from the 
organization seeking the information, thereby removing errors created as a 
result of existing human relationships or perceptions.

• The methods are cost-effective.
• They are of adequate scale.
• Time of day of the interview matters and should be carefully considered.
• The length of the interview or questionnaire is important.
• Market research is conducted at appropriate points during new variety de-

velopment, starting at the concept stage and continuing all the way through 
the breeding programme, varietal release and after commercialization.

Participatory rural appraisals
PRAs form a key method for a breeder to gain knowledge and opinions about 
the lives and needs of rural farmers. The breeder wants to discover traits that 
farmers prefer in a variety so that these are included in the design of that variety. 
Varieties developed that incorporate the identified traits should increase adop-
tion by farmers. PRAs typically involve personal interviews, focus groups and 
questionnaires. They are a core source of market research information. PRAs 
are also a well-recognized and respected approach used by civil society organ-
izations and other implementing agencies in the planning and management of 
development projects and programmes. Breeders need to extend the concepts 
of PRAs to include the needs and views of urban consumers, as part of their 
formal information gathering process.

Socio-economic studies are also a useful source of information, especially 
before breeding programmes commence. However, ex ante impact studies often 
do not contain questions that are specifically worded to support plant breeders 
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with their programmes; these questions are designed more to assess the im-
pact of technology or other development interventions. Demand-led breeders 
should, therefore, be aware of the socio-economic studies being organized that 
involve farmers, potential users and clients, and then seek to collaborate with 
the principal investigators so that additional questions are included in ex ante 
studies that identify the key characteristics that are important to farmers in their 
adoption of new varieties.

Learning Methods (Box 3.4)

Before this chapter concludes, a summary is provided in Box 3.4 of learning 
methods – together with assignments and assessment methods – for the main 
topics that have been covered in the chapter: Clients, Market Segments and 
Crop Uses; Value Chains; and Market Research.

Box 3.4. Learning methods, assignments and assessment methods. 

Clients, Market Segments and Crop Uses

Learning method

• PowerPoint presentations on core principles and definitions of clients, stakeholders, 
 market segmentation and the importance of understanding crop uses.

• Group discussions on the range of uses of crop plants and the terminology for understanding 
clients and the composition of different market segments.

Assignment

• Participants to define the types, location and needs of the clients and organizations they 
are targeting in their crop breeding programmes.

• Participants to identify all market segments and the number of different varieties that are 
needed to serve all clients adequately.

Assessment

• Assignment.
• Exam questions on clients, market segments and crop uses.

Value Chains

Learning method

• PowerPoint slides to understand value chains and Web searching for information on 
 differences in the architecture of value chains.

Assignment

• Detailed evaluation of the crop value chain architecture and the composition of the clients 
and organizations that a participant’s breeding programme serves. Also, identification of 
stakeholders that influence the structure and dimensions of the value chain and explaining 
why they do.

Continued
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Assessment

• Assignment.
• Exam questions on the structure and composition of value chains.

Market Research

Learning method

• PowerPoint presentations covering the core principles of best practice in client and value 
chain market research.

• Group discussion on points of best practice when conducting rural participatory appraisals 
and how to adapt these methods so that they can be used with retailers, consumers and 
other value chain actors living in urban areas.

• Group discussion on the goals and contents of socio-economic impact studies and how 
additional information and questions can be included in the studies to serve the need of 
plant breeders to understand demand.

Assignment

• Designing a market and client research investigation for a participant’s demand-led breeding 
programme that will either validate existing assumptions on variety design or will contribute 
to creating a new variety product profile/variety design.

Assessment

• Assignment.
• Exam questions on best practices in market research to create new variety product profiles.

Box 3.4. Continued.

Conclusion

How is demand-led breeding different from current breeding practices?

• Client focus. Breeding goals and objectives are set based on what clients 
want and need rather than having any bias towards either what technology 
can offer or a specific focus on individual trait improvement.

• Value chains. Greater understanding is required about the structure of crop 
value chains and the buying and selling factors of different clients, together 
with their relative priority in setting new variety designs.

• Demand-led breeding. This approach puts more emphasis on regularly 
consulting and understanding the needs and preferences of all clients and 
stakeholders in a crop value chain, not only farmers.

• Variety design and benchmarking. Stronger emphasis is placed on the 
 systematic, quantitative assessment of varietal characteristics and the cre-
ation of product profiles, with benchmarks for varietal performance and 
line progression.

• Market research. Stronger emphasis is placed on gathering unbiased, reliable, 
independent information on clients’ needs and preferences.
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• Market and business knowledge. A demand-led approach requires breed-
ers to have greater knowledge about crop uses, markets and business. It 
takes the best practices from breeding and integrates these with the best 
practices in business.

Implications for the role of the breeder

• The business of plant breeding. A demand-led approach require breeders 
to understand the ‘business of plant breeding’ and be able to gather and 
assimilate information from multiple clients and many sources within crop 
value chains.

• Partnering and collaboration. Breeders need to broaden their reach, influ-
ence and know-how beyond their technical competencies, and manage 
collaborations and partnerships with both the public and private sectors.

Resource Materials

Slide sets are available for this chapter as part of Appendix 3 of the open- 
resource e-learning material for the volume. These summarize the chapter 
contents and provide further information. The e-learning material is available 
at  http://www.cabi.org/openresources/93814 and also on a USB stick that is 
included with this volume.
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Executive Summary and Key Messages

Objectives

1. To understand the core methods of product profiling used to characterize 
existing varieties used by farmers and identify the properties important to  clients 
and stakeholders along the value chain in the future.
2. To understand how to create new variety designs and set benchmarks to 
meet client needs.
3. To understand how to prioritize a range of traits using demand-led ap-
proaches and make decisions on trait trade-offs.
4. To understand how to translate a new variety design into a practical breeding 
programme with clear goals and objectives.

The chapter aims to enable plant breeders to design new crop varieties that 
will achieve high adoption rates because their varietal characteristics serve 
the needs and preferences of farmers, processors, consumers and other stake-
holders in the crop value chain.

How does demand-led variety design add value to current  
breeding practices?

• Competitor product profiling. This requires analysis of the characteristics 
of existing commercial varieties and landraces as grown by farmers, and 
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also of their differentiating characteristics at every stage in the value chain 
from seed production to farmers, processors, transporters, retailers, food 
companies and consumers.

• New variety design. A detailed product profile is created that contains 
many traits and characteristics (typically more than 40) with perform-
ance benchmarks that are used to create breeding objectives. Current 
practices often focus on a much smaller number of farmer require-
ments that are well understood but are not discussed or agreed with 
other stakeholders in the value chain. Demand-led approaches put 
more emphasis on combining consumption- and consumer-based traits 
with farmer requirements to drive adoption. A written demand-led 
product profile provides a core communication tool that summarizes 
what clients want and provides the strategic goal for the breeding 
 programme.

• Quantitative benchmarks. For each trait, a target quantitative benchmark is 
set for line progression for variety release, rather than following the com-
mon procedure of deciding on a defined number of years for annual selec-
tion and progressing the best performing lines for varietal registration at the 
end of this term.

• Trade-off decisions. A decision-making process is used that takes into 
account client needs, technical feasibility and a range of other prac-
tical and fiscal considerations. Active and inclusive decision making 
is core to demand-led breeding. A prioritized list of traits and the 
final new variety design that is used to set the breeding goals is dis-
cussed and agreed with clients and stakeholders before breeding work 
 commences.

Implications for role of the plant breeder
• Variety identity. A greater depth of understanding is needed of the full 

range of characteristics that comprise each variety and landrace used by 
clients. Demand-led breeders need to recognize the key differentiating fea-
tures and develop quantitative assessment measures to be able to design 
successful new varieties.

• Registration process. At the variety design stage, breeders should reach out 
to registration officials and understand their processes and requirements. 
This is to ensure that appropriate evaluation of consumer-based traits is 
undertaken that will satisfy regulatory requirements. The dialogue needs to 
be initiated at an early stage, well before varieties are ready for entering the 
registration process.

• Consultation and co-ordination. Greater consultation, coordination time 
and liaison skills are needed to understand the needs of clients all along the 
value chain.

• Communication skills. Demand-led breeders must be able to present new 
variety designs to a wide range of clients, non-technical professionals, 
 government officials and investors.
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Key messages for plant breeders

Variety design
• Product profile. A specific product profile is required for each segment of 

clients that a new variety is intended to serve. Each product profile com-
prises a defined set of prioritized traits.

• Communication. A consistent format should be used for product profiles so 
that they are easy to compare and communicate to clients, plant breeders, 
scientists, managers and other stakeholders.

• Validation. Each new product profile should be tested with clients and 
 assumptions made about acceptability validated before major investment 
is made in a breeding programme.

• Market research data. Qualitative and quantitative data from early 
discussions with farmers and clients in the crop value chain should 
be used to create product profiles and make decisions on breeding 
objectives.

• Adoption tracking. Breeders should consider at the variety design stage 
how adoption tracking will be done, e.g. by phenotypic or genotypic 
markers.

• Breeding goals. Validated product profiles that comprise a predefined, in-
tegrated and prioritized set of traits should drive the setting of breeding 
goals and objectives rather than single traits.

• Forecasting requirements. Breeders need to decide how long it will take 
to develop their new variety and then use scenario-based techniques to 
review the applicability of their designs on this time frame. Where neces-
sary, designs should be adjusted to take account of the time frame (see 
also Chapter 2, this volume, Visioning and Foresight for Setting Breeding 
Goals).

Setting standards
• Breeding objectives. Clear, quantified breeding objectives with perform-

ance indicators are essential.
• Benchmarks. Each trait in a product profile should be quantified and meas-

urable versus a defined performance benchmark that needs to be achieved 
to ensure registration and future adoption by farmers. This benchmark is 
usually based on the performance of a popular variety or landrace.

• Bioassays. Performance must be measurable, with ‘fit- for-purpose’ assays.
• Variety registration requirements. The process of variety registration must 

be understood at the design phase and early discussions held with key 
 officials, particularly when the design includes consumer-based traits, 
markers for identification/adoption monitoring and other traits requiring 
performance assessment, e.g. nutrition, seed certification, etc.

• Advocacy. Breeders will need to undertake an early advocacy programme 
with government officials if changes are required in the registration process 
to take account of future breeding goals and market-led new variety design 
features that differ from current traits.
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• Seed production and scaling. Key design parameters are ‘How easily can 
seed multiplication be scaled’ and ‘What are the associated costs?’ These 
need to be taken into consideration at the variety design stage so that future 
demand for seed can be satisfied. Seed production costs can make the dif-
ference between a variety being commercially viable or not.

Key messages for research and development (R&D) leaders, government 
officials and investors

Variety design
• Variety design. Clients buy seed of new varieties based on a whole 

spectrum of attributes and quality characteristics as well as yield. Gov-
ernment officials and investors need to recognize this complexity and 
provide funding for demand-led product profiles that go beyond single 
issue varieties.

• In-house versus external laboratory testing. Managers and investors should 
encourage their breeders to consider all options for bioassay and trait per-
formance testing, i.e. whether to conduct these assays in-house, or to con-
tract with outside laboratories and/or partner with the private sector for 
specialized assays if outsourcing is more efficient and cost-effective.

Setting standards
• Product profile review. R&D leaders and managers should critically re-

view designs and/or arrange peer review to ensure that new designs and 
breeding objectives are ‘fit-for-purpose’. Investors should expect to see ex 
ante evidence of demand for new varieties.

• Product profile quantification. R&D leaders, managers, government offi-
cials and investors should expect breeders to provide a greater degree of 
granularity, quantification and communication of the required perform-
ance of traits.

• Variety registration. R&D leaders and managers should encourage regular 
discussions and cooperation between registration officials and their plant 
breeders.

Introduction

The objectives of this chapter are:

1. To understand the core methods of product profiling used to characterize 
existing varieties used by farmers and identify the properties important to cli-
ents and stakeholders along the value chain in the future.
2. To understand how to create new variety designs and set benchmarks to 
meet client needs.
3. To understand how to prioritize a range of traits using demand-led  approaches 
and make decisions on trait trade-offs.
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4. To understand how to translate a new variety design into a practical breeding 
programme with clear goals and objectives.

The aim of the chapter is to enable plant breeders to design new crop var-
ieties that will achieve high adoption rates because their varietal characteristics 
serve the needs and preferences of farmers, processors, consumers and other 
stakeholders in the crop value chain. It also aims to act as a resource for edu-
cation in this field. For this purpose, boxes are included in several sections of 
the chapter that summarize their educational objectives and present the key 
messages and questions that are involved. There is also a final box at the end of 
the chapter that summarizes the overall learning objectives.

New Variety Design and Product Profiling (Box 4.1)

New variety design: key principles

A new variety design should only be created once the target client(s) and the 
value chain it is being designed for have been clearly defined (see Chapter 3, 
this volume). Consultation needs to involve all clients and stakeholders in 
the value chain who are making or influencing key buying and selling deci-
sions of the crop or its products. The full range of uses of the crop in the value 
chain need to be understood, e.g. crop use as a food for rural household con-
sumption, as a raw material for processing and/or as a seed or propagating 
material for production and scaling. The core principles of demand-led new 
variety design include using best practices in farmer-participatory breeding 
and participatory rural appraisals (PRAs) to gather key information from stake-
holders in rural areas; and similar participatory approaches with consumers, 
processors, retailers and all stakeholders along the whole value chain. Other 
stakeholders, such as government officials who influence the enabling market 
environment, also need to be consulted and their views and activities taken 
into account.

Targeting clients and identifying market segments
Defining a clear group of clients that the new variety is targeted to serve (i.e. 
its market segment) is the first step in new variety design. A new crop variety 
should always be designed to meet the needs of a targeted group of individ-
uals or organizations that have a common set of requirements. The concept 
of market segmentation is important in demand-led breeding because it de-
fines the scope and likelihood of farmer adoption of that variety. Owing to 
many environmental, agro-ecological, commercial and logistical reasons, it is 
extremely rare that a single crop variety design will be able to meet all of the re-
quirements of farmers and consumers in a specific country or region. Therefore, 
it is vital to understand the number of segments of clients with similar require-
ments that exist and hence the number of variety designs that are required. 
A market segment always has a monetary or social value that forms the basis 
of an investment case for a breeding programme. Market segmentation can be 
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Box 4.1. New variety design and product profiling: educational objectives.

Purpose: to strengthen the approach breeders use to create new variety designs that 
 deliver the needs and preferences of their targeted clients, including understanding how to 
construct a product profile with performance benchmarks.

Educational objectives:

• to understand all the uses of the target crop and the characteristics required for each use;
• to be able to identify market segments of clients and their uses of the target crop;
• to be able to generate a product profile that defines and communicates the ideal charac-

teristics of an improved variety to these market segments of clients and other stake-
holders; and

• to understand registration requirements as they relate to market-required features of new 
varieties.

Key messages

• A product profile is required for each prospective new variety that can be communicated 
to value chain clients, plant breeders, scientists, managers and other stakeholders.

• Each required characteristic must be quantified and measurable versus a benchmark.
• The product profile needs to be tested with customers before major breeding investments 

are decided and any assumptions made must be validated before significant investment 
is made in new breeding programmes.

• Up-to-date qualitative and quantitative market research data on clients’ needs are essential 
to making decisions. Data are required from both participatory rural appraisals (PRAs) and 
from similar participatory urban studies investigating consumer and retailer needs.

• Clients must be central to decision making.
• Early engagement with clients is essential before significant breeding investment has 

been made and advanced lines are progressing.
• A key aspect in the design of a new variety (often overlooked) is how seed will be multi-

plied and what the associated cost may be. This cost can make the difference between a 
new variety being commercially viable and it not being taken up by the seed system due 
to costs.

• An understanding is required of how to create an advocacy programme with government 
regulators and, if necessary, of how to adapt current registration requirements to include 
the assessment of new, market-led design features that offer additional benefits to farm-
ers and consumers.

Key questions

• What types of food products and uses does your crop have?
• Who are you designing your new variety for?
• What is a product profile or ideotype?
• What are the detailed characteristics of the leading crop varieties in the markets that your 

crop breeding programme is serving?
• How do you assess the performance of varieties that are being used by farmers?
• How do you translate market information into a product profile?
• What characteristics should your new varieties have for all clients in the value chain?
• Have you fully considered all aspects of seed production criteria in your design?
• Does the product profile meet national variety registration requirements?
• Are the registration requirements consistent with the market demand?
• If not, can the registration requirements be refined?
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defined as: ‘A strategy that involves dividing a broad target market such as a 
crop into subsets of consumers, businesses or countries with common needs 
and priorities, and then designing and implementing strategies to serve them’ 
(Wikipedia, 2015; see also Chapter 3, this volume).

Each market segment has a specific size and monetary value that requires 
a definition of the clients who will purchase the variety, e.g. the number of 
farmers, their location, their expenditure on seed and inputs, and what they 
are potentially willing to pay for an improved variety. This also requires an 
understanding of the value of the processed crop, consumer sales and measures 
such as social and environmental benefits. If no market currently exists, then 
estimates are needed of the potential value of an improved variety by making 
and testing a range of assumptions on the economic, social and environmental 
benefits of that new variety.

Value chain needs
Understanding the needs of clients and stakeholders is required along the 
whole targeted value chain in rural and urban areas for different crop uses. 
Historically, plant breeding in Africa has focused primarily on the needs of 
rural farmers and local markets, but the landscape is changing. The highest 
population growth rates across Africa are now in the cities and other urban 
areas. Supermarkets and retailing are changing to meet demand from the 
rising middle classes. Demand-led breeding recognizes these changing dy-
namics, acknowledging the need to provide new varieties that will contribute 
to both food security and value addition, as well as having the new charac-
teristics that people in urban environments want to buy (see Chapter 2, this 
volume).

Variety identity and descriptors
Designing new demand-led varieties requires breeders to understand every 
facet of the crop plant in their care and the differences between varieties. This 
includes being able to recognize nuances in plant anatomy, physiology and 
growth behaviour, and the effects of biotic and abiotic factors on plant perform-
ance and on seed production. Equally important is knowledge about the crop’s 
postharvest characteristics, including: (i) its suitability as a raw material for pro-
cessing; (ii) crop behaviour during harvest, storage and transportation; and (iii) 
all the unique eating qualities of the crop that are preferred by consumers when 
it is eaten fresh or when it is cooked.

Demand-led breeders must be extremely familiar with the biological de-
scriptors of their crop and be able to identify varieties that are preferred or 
rejected by farmers, seed producers, processors, consumers and other stake-
holders in the value chain. Specifically, breeders need to understand the 
reasons why certain varieties are preferred (or not preferred), through discus-
sions with each client and stakeholder; they then need to implement a set of 
biological tests and field trial designs that can differentiate varietal perform-
ance. Benchmarking existing varieties and defining their properties is a vital 
step in the path to setting the performance standards needed to invest in a new 
breeding programme and/or proceed with registering new varieties.
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Variety awareness and demand
Regular contact is needed with clients and stakeholders during new variety 
development, as is involving them in decision making and the testing of new 
designs so as to ensure awareness, product pull and widespread use of the new 
variety when it is registered.

Product profiling

A ‘product profile’ is the name given to the technical specification of a new 
variety. This design specification contains a detailed set of technical attributes 
or traits with quantitative measures. The best product profiles always set a target 
benchmark for the required performance of each trait. Typically, these bench-
marks are set as comparisons versus the performance of existing varieties, or 
they are expressed on a numeric or photographic scale. Other names used for 
a new variety product profile include ‘product ideotype’, ‘variety design’ and 
‘product (or variety) specification’ (Anthony, 2013).

Trait prioritization
Determining the relative priority of different traits in a new variety design is an 
important process in demand-led variety design. There may be over 40 traits in 
a new variety design/product profile. Trait prioritization is required to set the 
goals and objectives of the breeding programme. Decision tree analysis is re-
commended as a way to conduct a rigorous assessment of trait prioritization 
and to deal with a range of often conflicting or mutually exclusive factors. The 
factors that affect the priority given to various traits are discussed in more detail 
below.

Client and market importance

The core goal for a demand-led breeder is to create a new variety that meets 
client demand by either: (i) improving design features within existing varieties; 
or (ii) providing new benefits that will increase new varietal adoption. The main 
inputs required for new variety design are:

• market research;
• variety performance;
• details of the traits required; and
• trait prioritization

Market research
If breeders are working closely with clients in the crop value chain, then asking 
questions to understand and list all of their requirements is straightforward. This 
is often the case when breeders are using participatory breeding methodolo-
gies and having regular contact with farmers. However, systematic market re-
search gathering from all players in value chains, as practised by private sector 
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seed companies, is generally rare in tropical crop breeding programmes. Such 
rigorous value chain analysis is likely to highlight many variety characteristics 
that are required by targeted clients or market segments, and it is common 
within the private sector to have product profiles with over 30 design features.

Variety performance
Detailed technical knowledge is required of the attributes and performance of 
registered varieties and of those that are market leaders or are gaining market 
share.

Traits required
client and market importance of individual traitS

• Does each trait provide a performance improvement or a unique new 
benefit?

• How different is the trait to that currently available to farmers or value 
chain clients?

• What is the relative importance of each trait in the product profile?
• Which of the traits drive the inherent value of the new variety?
• Which traits will drive farmer adoption and market share?
• Which traits will farmers pay more for?
• Which traits can grow the total market value?

A primary consideration in demand-led variety design is how to define the in-
herent and relative value of each trait in the product profile. A trait may provide 
a performance improvement over existing varieties and thereby gain market 
share. Traits that deliver improved yield or resistance against critical pests and 
diseases are often such market share drivers. If the trait is highly differentiated 
and delivers a novel benefit that is not currently available, it may be possible 
not only to gain market share but also to gain a price premium. This demand 
stimulates growth in the total market value and will be of most interest to the 
private sector. These types of traits are called ‘value creators’; they have the po-
tential to change the market when introduced and are often consumer-based 
requirements.

An example of value creation is the extended shelf life in tomato that was 
introduced through tomato breeding in the early 1990s and changed the market 
in Europe. As a result, Spain became a large exporter of tomatoes to north-west 
Europe (Bai and Lindhout, 2007).

technical and Scientific feaSibility of trait combinationS. Trait combinations may be 
difficult or impossible to achieve due to fundamental physiological or genetic 
reasons, e.g. deploying five major fungal resistance genes may depress yield.

legal conSiderationS. Access to germplasm and traits that have intellectual 
property rights and are owned by others requires careful consideration. Access 
may not be permitted or royalty payments may be required. Also, international 
legislation, such as phytosanitary laws, the International Treaty on Plant Genetic 
Resources for Food and Agriculture (ITPGRFA), the Convention on Crop 
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Biodiversity (CBD) and the Cartagena Biosafety Protocol of the CBD, affects 
the movement of germplasm across international boundaries. These factors 
may influence the relative priority that can be attached to traits and access to 
suitable genetic sources for introgression into the breeding programme.

SkillS and reSourceS for trait delivery. Trait delivery requires the appropriate 
personnel, skills and resources to be available. For example, if appropriate and 
representative bioassays for consumer traits are not available, then the new 
variety design becomes non-viable.

Cost
The new variety design must be affordable. The cost of developing a new 
variety with a broad range of requirements needs careful consideration. This 
should consider not only whether sufficient finance can be mobilized but also 
whether the breeding programme is justified, given the scale of the potential 
use and economic benefits to farmers, consumers and others in the crop value 
chain. Work planning and cost estimation is required for the introgression of 
each trait, the total cost of the breeding programme needs to be understood, 
and a business case needs to be made for the investment (see also Chapter 7, 
this volume).

Timeliness of new variety release
One of the common reasons for the lack of adoption of new varieties, in both 
developing and industrialized country markets, is a primary focus on the dis-
covery and introgression of individual traits at the expense of optimizing the 
host germplasm. Consequently, improved traits are introduced, but the new 
variety does not satisfy key clients. This lack of success in varietal development 
can be due to a number of reasons. First, there may have been insufficient 
back checking to ensure that all client/consumer requirements were being met. 
Secondly, the requirements of key clients may not have been fully understood, 
or it may not have been possible to address them. Thirdly, time pressures for 
assessing the performance (often measured by numbers of varieties released) of 
the breeding programme by research institutions and investors may have led to 
the premature release of some new varieties before they were able to provide 
superior performance compared with exiting varieties.

Creating a Product Profile

The goal for a demand-led breeder is to create a new variety that fulfils a client 
demand and either improves the design features inherent in existing varieties or 
provides new benefits that will attract increased varietal adoption. The new design 
must be easily understood and it must be possible to communicate it to clients, 
the science delivery team, managers, investors and other stakeholders. This pro-
cess will help to build ownership and enable iterations to be made to improve 
the variety design. For clarity, the variety design should fit on to two A4 sheets 
of paper. The first page is a table of technical attributes with the performance 
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benchmarks to be achieved. The second page is a visualization of all these 
attributes and of their relative importance in the breeding programme in terms 
of value creation and market demand.

Syngenta, in partnership with Market Edge, have created a product pro-
filing tool as an Excel-based macro. The profiling tool has been designed to 
enable a systematic approach to analysing trait identification, ranking and pri-
oritization. It has been kindly provided to the Syngenta Foundation by Syngenta 
Ag and Market Edge for use in African postgraduate plant breeding programmes 
and in the continuing professional development of plant breeders in Africa. The 
product profiling tool is further described in Appendix 4.1 at the end of this 
chapter, and an electronic copy (e-copy) of the tool is available as Appendix 1 
of the e-learning resources for this volume.

Prerequisites for using the product profiling tool are that breeders must 
have detailed knowledge about the crop under development, its uses and the 
needs of the clients in their value chain. They must also have the ability to make 
a series of qualitative and quantitative judgments and assumptions on product 
performance, trait importance and market demand. These assumptions and the 
resulting variety design are only as good as the validity of the information used 
to create the output(s). The four main inputs required for product profiling are:

• Market research. Breeders need to commission detailed market research 
and understand the needs and requirements of all clients in a value chain – 
from farmers through to consumers.

• Variety performance. They need to have detailed technical knowledge of 
the attributes and performance of registered varieties and of those that are 
market leaders or are gaining market share.

• Traits required. They need to be able to define the list of trait characteristics 
required and create a performance benchmark for each trait.

• Trait prioritization. They need to be able to assess the importance of each 
trait in terms of its uniqueness/differentiation, its likelihood of being in de-
mand by farmers or by other clients in the value chain, and/or its likelihood 
of carrying a price premium.

Stages in product profiling

Stage 1: Target market and value chain analysis
Stage 1 requires breeders to decide for which group of farmers with common 
needs the variety is being designed. This is the target market segment and re-
quires a name and description (e.g. field-grown tomatoes in the Savannah re-
gion of Ghana). The description should include the number of potential users 
of the variety and indicate where they are based. If there is a market value size 
already known because of seed sales, this should be included or an estimate 
provided. The area (hectares) that could be grown with the variety should also 
be included. The more quantitative and qualitative measures that can define 
the potential users and the value chain for which the variety is being targeted 
the better.
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It is recognized that some of these values are difficult to estimate. However, 
their inclusion in the variety description is an essential exercise and it encour-
ages engagement with experts in each parameter and supports connections 
with seed companies, both as a source of information and as potential partners. 
A critical component of Stage 1 is identifying the most important clients and the 
organizations in the value chain that will drive demand, and establishing con-
tact with them. Contact details are required for leading farmers/farmer organ-
izations and other clients in the value chain to enable ongoing consultations to 
take place during the design of the new variety. A pro forma table for the type 
of information required in Stage 1 is shown in Table 4.1.

Stage 2: Trait descriptors of crops
Stage 2 involves defining the characteristics of landraces and existing varieties 
and being able to use international nomenclature to describe them. This en-
ables experts and stakeholders to discuss the key characteristics of the current 
varieties preferred by farmers and all of the possible traits that might be required 
in the future. Using internationally recognized descriptors has an additional 
benefit of facilitating easier communication between breeders and holders of 
potentially useful germplasm containing traits for inclusion in the breeding pro-
gramme. Demand-led breeders should have a clear set of crop descriptors to 
create new variety profiles and use these to communicate their breeding goals 
and objectives.

Trait descriptors are compiled and published by the CGIAR International 
Agricultural Research Centres and other national and international research institu-
tions and organizations. Examples of trait descriptors for potato and radish are 
shown in Tables 4.2 and 4.3, respectively. Other example of well-characterized 

Table 4.1. Product profiling. Stage 1: Target market and value chain analysis. Table 
showing the key information required for demand-led variety design.

Client and market information Description

Market segment
Crop use(s)
Country
Region(s)
Agro-ecological zone(s)
Number of farmers
Area of crop grown (000 ha)
Seed market size (000 kg) – current
Seed market size (000 kg) – potential
Seed value (US$ 000) – current
Seed value (US$ 000) – potential
Client contact details for consultations:

Key farmers
Seed companies
Value chain organizations
Government officials
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descriptors are those of sweet potato (Huamán, 1999), and sorghum (IBPGR/
ICRISAT, 1993). Further, the Integrated Breeding Platform (IBP) has documented 
‘Trait Dictionaries’ of ten crop species for breeding (see https://www.integrat-
edbreeding.net).

plant breederS’ rightS. In practice, a new variety/cultivar has to be registered 
and should be included on the recommended list of varieties for the country 
concerned. In order to be on this recommended list, the new variety has to 
be an improvement over the benchmark variety in reference to a set of variety 
descriptors set by clients.

Table 4.3. Product profiling. Stage 2: Trait descriptors for radish. From UPOV, 1980.

Trait group Trait Trait description

Flowering plant Petal colour White, white and pink, white and violet, pink, violet
Tuber, tendency to 

become pitchy
Absent/very weak, weak, medium, strong, very strong

Maturity, time of 
harvest maturity

Very early, early, medium, late, very late

Tuber Thickness Thin, medium, thick
Width of root Thin, medium, thick
Shape of tuber Transverse/elliptic, circular, elliptic, obviate, broad 

rectangular, rectangular, narrow rectangular, narrow 
obtriangular, icicilical [icicle shaped]

Shape of crown Concave, plane, convex
Shape of base Acute, obtuse, round, flat
Skin coloration One coloured, bicoloured
Colour of upper part White, pink, red, violet
Flesh colour Translucent, opaque

Table 4.2. Product profiling. Stage 2: Trait descriptors for potato. From Huaman et al. (1977).

Trait group Trait Trait description

Flowering plant Petal colour White, white and pink, white and violet, pink, 
violet

Maturity, time of harvest 
maturity

Very early, early, medium, late, very late

Tuber Colour of skin Yellow, red, blue, parti-coloured
Shape Round to round oval, round oval to long oval, 

long oval to long, long, very long
Contour of the long and 

very long tubers
Kidney or pear shaped, irregular

Flesh colour White, neither clearly white nor clearly yellow, 
yellow

Consumers (home, 
export, starch 
industry)

Underwater weight
Starch (%)
Crisp quality
Cooking quality

https://www.integratedbreeding.net
https://www.integratedbreeding.net


98 S. Hussein

Globally, over 73 countries are members of the International Union for 
the Protection of New Varieties of Plants (UPOV). These countries have agreed 
to acknowledge breeders’ rights resting on a variety. UPOV has issued a set of 
basic rules for the development of breeders’ rights in the countries of its mem-
bership (see http://www.upov.int/members/en/).

In order to obtain breeders’ rights, a new variety must meet the following 
(DUSN) requirements, that it is:

• D – distinguishable, from all other registered varieties/cultivars;
• U – uniform;
• S – stable, not changing during maintenance and multiplication; and
• N – novel/new, innovative and should not be commercialized already.

These attributes are established through the DUSN trials conducted in each 
country according to the prescription of the national variety testing agency.

Stage 3: Product profile
In the private sector, each variety design usually comprises more than 40 char-
acteristics. It is this profile of features that defines the uniqueness of a new 
variety, and the range of advantages and differences that it has compared with 
existing varieties. Systematic analysis of traits is required in each of the six de-
scription categories listed below:

• crop yield parameters;
• seed and plant (plant architecture and traits important for seed production);
• biotic stress (fungal, viral, bacterial and nematode pests);
• abiotic stress (environmental traits);
• crop handling parameters (harvest, storage and transport); and
• value chain requirements (consumers, processors and value chain stakeholders).

For each trait: (i) a benchmark variety is required to be included as a quanti-
tative or qualitative performance measure; and (ii) a decision is required on 
whether the performance of the new variety must be equal to or better than 
the benchmark variety. In this way, the competitive advantage of each trait is 
displayed versus the existing varieties that it will be competing with in the 
market place. In most cases, a performance less than the benchmark is un-
likely to be acceptable. An example of an outline product profile is provided 
below (Fig. 4.1).

Stage 4: Trait prioritization
Determining the relative priority of different traits in a new variety design is an 
important and active process in demand-led variety design. Typically, there are 
over 40 traits in a new variety design and its product profile. Each trait needs 
to be assessed for market value in two dimensions, namely, differentiation and 
market demand (see Fig. 4.2).

• Differentiation is measured by willingness to pay a price premium and op-
portunity to grow a market share. It is a measurement of how different each 
trait is from what is already available and the benefits that it provides. A top 
score of ten means that farmers or the value chain recognize the value of 

http://www.upov.int/members/en/
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the trait and are prepared to pay a high price premium; a higher market 
share is also likely if the price is appropriate. A low score of one means that 
the trait is very similar to what is already available, no price premium 
would be accepted and only a low market share could be expected.

• Market demand is measured by the percentage of growers (or % total crop 
area). This measurement relates to the level of farmer demand. A score of 
ten means that farmers are likely to want to purchase this variety and a high 
market share is likely. A score of one means that there will be little demand 
and only relatively few farmers will be interested in purchasing the variety.

All of the traits in these two dimensions are classified and displayed in one 
of four quadrants, as shown in Fig. 4.2:

• Essential/must have traits. These traits must be present in the design for a 
significant number of farmers to be interested in purchasing and growing 
the new variety.

• Winning traits. These traits are the ones that have a premium value. They 
will be in demand by many farmers, and the farmers will be prepared to 
pay a price premium for them. These traits are likely to result in the market 
value of a variety growing. They deserve serious attention in the breeding 
programme if they can be delivered at an acceptable cost and within an 
acceptable time frame.

• Niche/limited opportunity traits. These traits offer much added value and 
are likely to achieve a price premium because of their economic returns, 
but only to a limited group of farmers (or consumers or other clients). A key 
question with this group of traits is whether the development costs are jus-
tified, given the overall (lower) numbers of farmers and other clients who 
may be interested in adopting the new variety or paying for its product.

Trait category No. Trait
Trait

description
Variety

benchmark

Performance
required
(=, >, >=, >>)

Crop yield
1

2

Plant architecture
Seed production

1

2

Biotic stress
1

2

Abiotic stress
1

2

Crop handling,
harvest, storage,
transport

1

2

Value chain clients,
consumers, 
processors

1

2

Fig. 4.1. Stage 3 of product profiling: creating a product profile – an outline product profile.
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• Low potential traits. These traits provide the lowest value to farmers. They 
have low differentiation from what is already available in the market, and 
only low market shares and no/minimal price premiums are expected to be 
paid.

An example of trait prioritization, based on differentiation and market de-
mand, and leading to four categories of traits, is shown in Fig. 4.3.

Stage 5: Trait trade-offs and feasibility
Once the ranking in importance of each trait has been done and a series of vital 
traits have been identified, then the feasibility of achieving the full spectrum of 
required traits together with the level of performance required in a single var-
iety needs to be assessed.

In the event that alterations need to be made to the product profile, re-
validation of the new design is required. The design should be discussed with 
the clients in the value chain and with other stakeholders to ensure that the 
assumptions that have been made about farmer adoption and demand are still 
valid before the breeding programme commences.

Further details of the product profiling tool discussed above are con-
tained in Appendix 4.1, Product Profiling Tool, at the end of this chapter. 
An e-copy of the product profiling tool is available as Appendix 1 of the 
open-resource e-learning materials for this volume, with grateful acknow-
ledgement to Syngenta and Market Edge for their contribution of this educa-
tional resource.
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Fig. 4.2. Stage 4 of product profiling: trait prioritization as assessed by differentiation 
(willingness to pay a price premium and opportunity to grow a market share) versus 
market demand (% growers/area that need the trait). With kind permission from 
Syngenta and Market Edge.
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Setting External Performance Standards (Box 4.2)

There is a range of considerations that must be taken into account in a variety 
design and its performance measures that go beyond the needs and preferences 
of the value chain. These include the requirements of registration authorities 
and other government officials and certification schemes; they can also pertain 
to demonstrating the performance claims that may be made for the new variety. 
It is critical that these standards are understood at the variety design stage and 
when breeding goals and objectives are set.

Variety registration

For agronomic and productivity traits, the requirements of the value chain 
are usually equal or higher than regulatory requirements and so are not an 
issue when breeding goals are set. However, registration requirements must 
be investigated in each target country to be certain. In the case of consumer 
traits, this is often not the case. Registration in a range of countries in Africa is 
dependent on demonstrating yield improvements over existing registered var-
ieties. If yield improvement is not included in the new variety, there is serious 
risk that a highly welcomed consumer trait demanded by the market, such as 
shelf life or taste, will have registration difficulties in spite of years of invest-
ment and endeavour.
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Trait Prioritization

Fig. 4.3. Stage 4 of product profiling: visual chart of trait priorities as assessed by 
differentiation (willingness to pay a price premium and opportunity to grow a market 
share) versus market demand (% growers/area that need the trait). With kind permis-
sion from Syngenta and Market Edge.



102 S. Hussein

Risk mitigation actions must be taken in advance of a breeding programme 
starting, such as initiating detailed discussions with government officials about 
the registration situation and whether exceptions will be granted for consumer- 
demanded traits. Opportunities need to be sought to understand the attitude 
of key registration officials and variety release committees to consumer- and 
demand-led traits, and to find joint solutions. If this results in changes in regu-
latory legislation being required, the timelines are likely to be lengthy and 
unpredictable.

When considering the external standards required for registration the fol-
lowing questions need to be addressed:

• Are the characteristics you are seeking already known and part of the offi-
cial crop descriptors, or are you creating a variety with a very different 
phenotype (e.g. purple tomatoes, see Botches and Myers, 2009; or pink 
bananas)?

• What are the minimum requirements set by the national testing agency and 
national variety releasing committee?

Box 4.2. Setting external performance standards: educational objectives. 

Purpose: to ensure that demand-led breeders integrate into their breeding goals and 
 objectives all external performance standards that may influence their new variety release 
and farmer adoption.

Educational objectives:

• to identify and understand the external performance standards that are required to be met 
for all new demand-led varieties;

• to integrate these performance standards into the variety design and incorporate meas-
ures into the breeding goals; and

• to identify potential risks and develop mitigation strategies.

Key messages

• It is important to understand the external standards that are required and have clear per-
formance benchmarks for assessing germplasm.

• Clear quantified breeding objectives are essential.
• It is necessary to think broadly across different external requirements from registration, to 

seed certification, to variety identification and in other areas of expertise, and to seek in-
puts.

Key questions

• Are there variety performance standards you must meet to achieve registration or seed 
certification for a new variety in your country?

• Which agency sets these standards?
• How can you find out?
• What level of performance is required for each trait?
• How will you measure trait performance?
• Are there harmonized regional standards or are these expected in the future?
• Do you need to create a special kit to be able to demonstrate performance for product promo-

tion, variety identification or the monitoring of farmer adoption (e.g. for a nutrition trait)?
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○ Does your design contain traits that adhere to the preferred require-
ments of farmers or market or industry in a given crop (see examples in 
Tables 4.2 and 4.3)?

○ Do historic performance data exist (genotype × environment, stability 
analysis)?

○ Are field and laboratory evaluation protocols available for agencies to 
make the relevant comparisons?

• What is the level of government interest and urgency for the new variety in 
the cropping system? Less stringent standard requirements may be allowed 
for urgently needed varieties (e.g. varieties with resistance to a new disease 
in the country).

• What is the relative performance of your new variety against existing var-
ieties in the national list of recommended varieties?

Seed certification

The standards required for mandatory or voluntary seed or plant certification 
need to be included in the breeding goals.

Variety identity

Variety identification is an important factor that requires consideration and poten-
tial inclusion in setting standards and breeding goals. This is for several reasons. 
Demand-led varieties that contain consumer traits or other special features such as 
nutritional qualities need to be easily recognized for authenticity, price differenti-
ation and branding purposes. Buyers will want to know if the variety truly is what 
it is claimed to be. This can be achieved by including in the design a phenotypic 
marker/signature so that its authenticity is clear. Alternatively, an identity validation 
method/diagnostic kit may need to be part of the development plan. Small improve-
ments in nutritional value (or other consumer-preferred traits) may not justify the 
cost and the effort. However, true innovation and the generation of market-leading 
varieties may warrant the extra investment in new variety development. The add-
itional benefit of having an identity system means that simpler and more accurate 
household and market surveys will be possible for tracking varietal adoption.

Validating New Variety Designs (Box 4.3)

It is clear that creating new varieties with all the ideal trait characteristics is not 
easy and that trade-offs will often be required. This means prioritizing which of 
the stakeholders in the value chain have requirements that are more important 
than others. There is no easy way of achieving this, and careful analysis is re-
quired. Farmers and processors should have the greatest role in variety  design 
for staple food crops when eating and cooking qualities are unaffected. This is 
because in general the new varieties have undifferentiated consumer features 
and are often bulked and mixed as commodities for uniformity. Here, yield, 
productivity and production costs are key drivers for design.
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Conversely, the consumer is the prime decider in purchasing higher value 
fresh fruits and vegetables, especially in urban situations where there is choice, 
and therefore, consumers’ opinions should drive the priority in trait setting for 
new varieties of these crops.

When the prototype designs that are driving the breeding goals have been 
decided and significant trade-offs have been made, it is prudent to go back to 
the key stakeholders in the value chain to show them the revised (new) var-
iety profiles and ensure that there is still demand for these designs. In the case 
of consumer-based traits, this validation may require further market research 
and prototype design testing with consumers. As lines are progressed through 
the stage plan, regular validation of the performance of the potential new var-
ieties with value chain stakeholders is recommended so that they maintain their 
interest in the new varieties (Anthony, 2013).

Translating Product Profiles into Breeding Objectives (Box 4.4)

A clear distinction needs to be recognized between designing a target product 
profile and creating breeding goals and objectives to deliver the new variety. 
They are not the same thing and demand-led breeders need to effectively con-
vert one to other so that a successful science programme can proceed.

Box 4.3. Validating new variety designs: educational objectives.

Purpose: to ensure that all new variety designs closely reflect the conclusions from market 
research investigations, and that any revisions to the design that may alter future demand are 
validated with potential clients before investment in the breeding programme commences.

Educational objectives:

• to develop criteria and ways to assess whether or not a new variety design is wanted by 
farmers and other clients in the value chain; and

• to identify factors that affect farmer variety preference and adoption, and devise a strategy 
and plan to manage and mitigate the risk factors limiting adoption.

Key messages

• It is important to communicate the product profiles and find the best ways to display them 
and win support for them.

• The visioning of potential landscape changes is essential.
• It is necessary to be clear after trade-off decisions have been made between the ideal 

profile and its feasibility that the proposed design responds to market demand and will be 
adopted by farmers.

• The design needs to be validated with potential users.
• There should be a clear plan of engagement with key stakeholders in the value chain dur-

ing the whole timeline of variety development.

Key questions

• How can you be sure that the variety you have designed is what farmers and other clients 
in the value chain want?
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This translation has two specific considerations that relate to the feasibility 
of delivery from both a technical and a practical perspective. New varieties that 
deliver a step change in performance are highly innovative and require new 
and often unproven ideas on how to access novel germplasm and achieve un-
usual combinations of traits. It is common for product profiles to require some 
revision to increase the probability of delivery. Innovation and ease of delivery 
can be inversely correlated and paradigm shifts can require supporting inves-
tigative science programmes and pre-breeding activities before a full breeding 
programme can be initiated.

Feasibility of delivery

Scientific feasibility
A clear step is required to determine how the desired traits can be incorpor-
ated together into appropriate germplasm and reach the performance levels re-
quired. What is the likelihood of success? Some key questions to consider are:

• What sources of germplasm do you have available with the required traits?
• If not, what options, costs and time will be required to access (or develop) 

germplasm with the required traits?

Box 4.4. Translating product profiles into breeding goals and objectives: educational 
objectives. 

Purpose: to enable participants to create a set of breeding goals and objectives for a new 
demand-led variety design that are fit for purpose, of high quality and feasible.

Educational objectives:

• to be able to translate customer requirements into measurable and achievable breeding 
goals and objectives; and

• to establish the feasibility of translating client requirements into breeding goals and ob-
jectives.

Key messages

• Product profiles should drive the setting of breeding goals and objectives.
• The translation of product profiles into breeding goals is an essential part of the design 

process and iteration of the designs may be required.
• Designs must be achievable with the technology, capability and resources available.
• Performance must be measurable with ‘fit-for-purpose’ assays.

Key questions

• What breeding activities/methods will you follow to achieve the product profile?
• How will you identify and access the germplasm needed?
• How will you combine traits from different sources of germplasm?
• How will you design your breeding strategy to meet the product profile? (e.g. what crosses 

will be made and when, what population structures will there be?)
• How do you translate a product profile into measurable breeding goals?
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• Will you need to do gene discovery and search for new sources of genes, 
e.g. from wild relatives and a pre-breeding programme?

• Can you construct a viable breeding strategy of crossings and selections?
• What level of increase in performance is required and is there proof of concept?
• Are there fundamental (actual or theoretical) physiological or genetic 

reasons why particular traits cannot be combined together in the same 
plant? If so, revisions to the design may be required?

Practical and legal feasibility
There are many considerations to gaining access to the genes and traits that 
a breeder may wish to include in the design. Some of these may be feasible 
theoretically, but in practice may be intractable and create major risks to the 
breeding programme. Key questions to consider are:

• If the germplasm is located in another breeding programme, will you be 
able to gain access?

• Who owns the germplasm or desirable traits?
• Are the ownership rights clear?
• Is there intellectual property involved?
• Will you need to obtain freedom to operate agreements with the germplasm 

owner and will you be required to make royalty payments on any resulting 
varieties?

• If the germplasm is located in another country, will phytosanitary and/or 
other legal regulations prevent you from accessing it?

• Will your request trigger the ITPGRFA and you will be required to complete 
a standard material transfer agreement and the associated benefits sharing 
requirements (ITPGRFA, 2015)?

• Is your crop covered by the CBD (2015)?
• Are your home country and/or the host country holding the germplasm 

parties to these international agreements – ITPGRFA and CBD?

Performance testing and bioassays

For breeding objectives to be set and achieved, demand-led approaches often 
require additional bioassays and methodologies to test trait performances. 
These bioassays are additional to the agronomic- and productivity-based tests 
that are routine or contained within farmer-participatory trials. Consumer taste 
and cooking panels are also usually required. These panels may need to be dif-
ferent for urban and rural consumers.

Indicative early-stage high-throughput evaluation tests may also need to be 
created as part of the pyramid of performance testing for line selections. These 
tests must be able to provide reliable data for: (i) performance measurement of 
the desired traits; and (ii) ranking varieties.

During the latter part of the development programme, larger scale testing 
through commercial equipment will be needed to gain full commitment from 
value chain stakeholders for the new variety. The results and ranking of varieties 
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from small-scale testing must have a good correlation with larger scale testing. 
Some questions to consider are:

• Do you have all of the suitable bioassays that are needed to deliver your 
demand-led breeding goals or are innovative new tests required?

• How confident are you that your bioassays and field trials will adequately 
predict performance for each trait?

• Will you need to do any new bioassay development?
• Should any new bioassay development be done by your laboratory alone 

or would it be better to partner with value chain stakeholders in developing 
joint bioassays?

• Would a public–private partnership or other contractual arrangements be 
appropriate for bioassay development?

Challenges in demand-led breeding

Breeding objectives need to be tightly set to deliver the variety specifications. 
Three frequently encountered problems that lead to suboptimal breeding pro-
grammes are described below.

Inadequately defined product profile
This may result from factors such as: (i) incomplete discussions with the value 
chain clients; (ii) lack of detailed knowledge about the performance of fre-
quently used varieties; and/or (iii) lack of definition of the level of performance 
that is required to create demand. The required traits are often known, but 
standard quantitative benchmarks for all of the desired traits are not set.

Poorly defined breeding goals
Breeding goals may be vague, aspirational and not adequately underpinned 
with a set of specific breeding objectives to drive the science programme. For 
example, a broadly defined breeding goal, such as ‘to increase drought re-
sistance in sorghum in Africa’, needs to be supplemented with more specific 
breeding objectives that contain clear quantitative measures to reach the goal. 
In the sorghum example, the specific objectives to drive a demand-led science 
programme for farmers and their value chain clients could be: ‘To increase 
grain yield as measured by fresh grain weight (kg/ha) by 10%, compared with 
the best registered varieties when 25% below average rainfall occurs between 
x and y weeks after germination, and the plant is between growth stages y and z, 
while retaining grain colour, taste, grain milling and cooking time for the most 
popular varieties used for food’.

Performance standards either not set or not met
Demand-led breeding requires a performance standard to be set that is not re-
lated to achieving a variety registration but is set to serve farmers and the value 
chain to create demand. Conventional breeding follows a philosophy of best 
endeavours and incremental gain through selection. Lines are progressed that 
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represent the best achieved in a particular year. In demand-led breeding, line 
progression only occurs if the annual breeding target hurdles are achieved. This 
is an important difference in philosophy between the usual breeding practices 
and demand-led breeding. Meeting quantitative targets is given greater em-
phasis in demand-led breeding progression decisions and, in practice, the ideal 
benchmark is not always found; here, understanding the range of acceptable 
quantified metrics enables good decision making by breeders and their project 
teams.

Rather than registering varieties with small enhancements that ultimately 
may not attract widespread support and use, demand-led design requires the 
breeding team to adhere to the agreed breeding goals and targets set for line 
progression, with confidence that this rigorous standard setting will result in 
increased farmer adoption at commercialization.

Clearly, novel features may be discovered that may modify the target var-
iety profile. However, the challenge is not to reduce the client requirements for 
line progression when technical difficulties arrive. Variation from the product 
profile should only occur in cases where new information or market research 
indicates that this change will not be detrimental to variety adoption and market 
acceptance (see also the section on Validating New Variety Design earlier in 
this chapter).

Learning Methods (Box 4.5)

Before this chapter concludes, a summary is provided in Box 4.5 of learning 
methods – together with assignments and assessment methods – for use with 
the main topics that have been covered in the chapter: New Variety Design 
and Product Profiling; Setting External Standards; Validation of New Variety 
Designs; and Breeding Goals and Objectives.

Box 4.5. Learning methods, assignments and assessment methods.

New Variety Design and Product Profiling

Learning method

• Presentation on the core principles of product profiling and creating new variety designs.
• Exemplification with a crop and detailed product profile for all key characteristics required 

by all clients in a value chain.
• Participants (either in groups or as individuals) use the product profiling tool to create new 

variety designs using parameters provided by the course lecturer.
• Group discussion on product profiles of different crops, comparing and contrasting import-

ant aspects for different clients in the value chain.
• Individual or group discussion on sorghum case study (Timu et al., 2014), analysing and 

comparing the importance of yield, processing and consumer traits of sorghum and their 
effect on farmer adoption.

Continued
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Box 4.5. Continued.

• Decision-tree analysis: course lecturer to provide a set of parameters for participants to review 
and make decisions on trait trade-offs to finalize and validate a product variety design.

Assignment

• Investigate, compare and contrast the characteristics/descriptors of two lead varieties of 
a target crop in your home market, and create a product profile for each variety.

• Create an ideal product profile for a new variety with benchmarking versus existing var-
ieties and the plant breeding action plan needed.

Assessment

• Assignment on the characteristics of leading varieties and designing a new variety with a pri-
oritized set of traits for starting a breeding programme for a new variety design (as above).

• Exam questions on the core principles and activities needed to create a new variety prod-
uct profile.

Setting External Standards

Learning method

• Group discussions on variety registration and the external standards set in participants’ 
countries and the advantages, disadvantages and issues of variety identification markers 
and monitoring tests.

Case studies

• Find an example that demonstrates the issue of registering demand-led traits versus yield 
performance requirements (e.g. early-season potatoes in Kenya that can achieve a price 
premium).

Assignment

• Summarize all required registration performance standards traits for a target crop in your 
home country and in neighbouring countries.

• Consult national crop breeding strategy documents to see whether the new variety de-
signs will contribute to government targets.

Assessment

• Presentation of assignment.

Validation of New Variety Designs

Learning method

• Presentation of concepts by course lecturer.
• Group discussion on the relative importance of the different opinions of stakeholders in 

the value chain for different crop variety designs.

Assignment

• To identify who the stakeholders are for each trait in the product profile, assign a level of 
importance to each stakeholder’s views and decide when consultations on the design and 
breeding progress should take place in the stage plan. Define when and how these inter-
actions might take place.

Continued
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Conclusion

As evidenced in the large private sector seed industry, when demand-driven 
product design is introduced into productive plant breeding programmes, and 
combined with excellent science and technology, development rigour, and ap-
propriate awareness campaigns with farmers and customers, significant gains 
in adoption rates and market share can be made (Anthony, 2013).

The challenge is finding a cost-effective way to integrate and tailor these 
demand-led approaches to new variety design, product profiling and measur-
able success criteria so that they fit into public sector and small seed company 
plant breeding programmes in developing countries – which operate with con-
siderably fewer resources than those of more developed countries. Specifically, 
ways need to be found to harness the skills and cooperation of the private sector 
and to better understand tropical crop value chains by working with public and 
private sector experts to share knowledge and solve problems together.

Box 4.5. Continued.

Assessment

• Assignment.

Breeding Goals and Objectives

Learning method

• Presentation on principles of translating a product profile into breeding goals and object-
ives.

• Participants to review a plant breeding project proposal submitted to an international 
donor or documented information from a current breeding programme, and have a 
group discussion on: (i) the relative emphasis and balance between technology-led 
versus demand-led principles being proposed; and (ii) the quality of the breeding goal 
and objectives, and whether they should be strengthened to be more demand driven.

• Create a breeding goal and set of breeding objectives for a research proposal based on 
a demand-led new variety design/product profile.

Assignment

• Create a breeding goal and a set of breeding objectives for a new demand-led variety 
design/product profile to be delivered in your breeding programme. Identify the bioassays 
required for performance measurement and where they will fit into your performance test-
ing plan as part of the stage plan. Determine what engagement is required with the value 
chain stakeholders to deliver the testing plan.

Assessment

• Assignment.
• Exam questions on the core principles of translating a demand-led product profile into a 

set of breeding goals and objectives.
• Ability to create a breeding goal and set of breeding objectives from a product profile pro-

vided in the exam questions.
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Resource Materials

The open-resource e-learning materials available for Chapter 4 include: (i) 
Appendix 1, an electronic copy (e-copy) of the Excel-based macro product pro-
filing tool developed by Syngenta and Market Edge which is further described 
in Appendix 4.1 of this chapter; and (ii) a set of slides available for this chapter 
as part of Appendix 3 that summarize the chapter contents and provide further 
information. The e-learning material is available at http://www.cabi.org/open-
resources/93814 and also on a USB stick that is included with this volume.
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Resource Materials, including Web Resources
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tion%20of%20small%20grains%20in%20the%20summer%20rainfall%20area.pdf (accessed 
4 May 2017).
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Guideline.pdf (accessed 4 May 2017).
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4 May 2017).

International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA). Details 
available at: http://www.planttreaty.org/ (accessed 4 May 2017).

Appendix 4.1: Introduction to Product Profiling Tool for New 
Variety Design

An e-copy of this product profiling tool is available as Appendix 1 of the 
open-resource e-learning material for this volume. The e-learning material is 
available at http://www.cabi.org/openresources/93814 and also on a USB stick 
that is included with this volume.

Purpose

The product profiling tool (Appendix 1) is an Excel-based macro that has been 
developed to aid professional breeders to design new varieties. It has been 
kindly provided here by Syngenta and Market Edge as an educational tool 
for use in the postgraduate plant breeding programmes of African universities 
and in continuing professional development programmes for plant breeders in 
Africa.

Specifically, the e-learning tool provides the following elements:

• A systematic approach. This defines the traits required in a variety for a 
crop segment, and their relative importance and priority.
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• A decision and conclusions framework. This provides a methodology for 
individuals and groups of breeders, scientific experts and representatives 
of a crop value chain to discuss, reach a common understanding and de-
cide the priorities for a breeding programme. It also provides a high-quality, 
consistent methodology for institutional managers and other stakeholders, 
including investors, to evaluate and monitor new variety design.

• A visual communication graphic. The graphic shows the full set of traits 
and can be used as a simple diagram to communicate the relative import-
ance of a large number of potential traits to be incorporated into a breeding 
programme. It can be used also to capture and convey the conclusions 
from the discussion and decisions taken on priority traits to be included in 
a new variety.

The profiling tool comprises six individual data sheets (Sheets 1–6) that are 
linked and which require expert inputs about key clients, the value of markets, 
plant descriptors and the results of group discussions. These enable the gath-
ering and finalizing of opinions on the importance and relative priority of many 
different types of traits. Sheet 7 is a summary of conclusions and the actions 
required. Sheet 8 contains explanatory notes on how to complete Sheets 1–7.

Product profiling tool: Sheets 1–8

Sheet 1. Client and market segment definition
The first sheet summarizes the target market segment, number of clients, their 
location and the market value of the crop (within the target market segment).

Sheet 2. Crop descriptors
This sheet needs to be completed using the internationally recognized crop de-
scriptors so that all traits follow the same nomenclature.

Sheet 3. Product profile: traits and benchmark varieties
This is a template to complete with a de novo list of traits needed in the new 
variety design. Each trait is placed in the following categories:

• crop yield parameters;
• seed and plant (plant architecture and traits important for seed production);
• biotic stress (fungal, viral, bacteria and nematode pests);
• abiotic stress (environmental traits);
• crop handling parameters (harvest, storage and transport); and
• value chain requirements (consumers, processors and value chain stakeholders).

There is space on the template for a maximum of 15 traits per category, i.e. a 
total of 75 traits for each design. For each trait, a benchmark variety is required 
to be included as a quantitative or qualitative performance measure. A decision 
is required for each trait on whether the performance of the new variety must 
be equal to or better than the benchmark. In most cases, performance less than 
the benchmark is unlikely to be acceptable.
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Sheet 4. Profile input
The titles of the traits that were put into Sheet 3 are automatically transferred 
by the macro on to Sheet 4. Each of the six categories of traits is visible by 
scrolling down the choices within ‘SELECT CATEGORY TO INPUT’. To estimate 
demand, an assessment is needed that rates each trait in two ways (see Indexes 
1 and 2 below) on a scale of 1–10, where 10 = high and 1 = low.

index 1: differentiation. A top score of 10 means that farmers or the value chain 
recognize the value of the trait and are prepared to pay a high price premium 
(a high market share is also likely if priced appropriately). A low score of 1 
means that the trait is very similar to what is already available, no price premium 
would be accepted and only a low market share is expected.

index 2: importance to farmerS. This measurement relates to the level of farmer 
demand. A score of 10 means that farmers are likely to want to purchase this 
variety and a high market share is likely. A score of 1 means there will be little 
demand and only a relatively few farmers will be interested in purchasing the 
new variety.

Sheet 5. Product profile: trait visualization graph
A key benefit of this tool is that a single graph is automatically plotted that 
provides visualization and categorization of all of the traits into the four quad-
rants, based on the scores provided for trait differentiation and importance for 
farmers. This allows groups of breeders and scientists to discuss and agree on 
the relative importance of different traits, as a part of agreeing on the new var-
iety design and setting the breeding goals and objectives (see also Fig. 4.3).

Sheet 6. Product profile: implications
This sheet summarizes the conclusions of the breeder and his/her project team 
about the relative importance of all of the traits, and which three (or more) 
traits should be central in the product profile and be the primary focus of the 
breeding programme. Specifically, the actions needed to minimize risks and 
maximize opportunities are requested, and a double check is made on the val-
idity of the data sources used to form the conclusions.

Sheet 7. Conclusions
Sheet 7 captures the conclusions and actions that are needed to progress the 
plant breeding programme to include each trait. These actions may be technical, 
financial, resource-based manpower or other actions that are needed to proceed.

Sheet 8. Explanatory notes
This sheet provides the user with guidance from Syngenta and Market Edge on 
how to use the product profiling tool and the information needed to complete 
Sheets 1–7.
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Executive Summary and Key Messages

Objectives

1. To enable plant breeders to construct a high-quality and well-documented 
demand-led variety development strategy and a development stage plan in 
order to enable good governance, rigorous decision making and activity plan-
ning within a demand-led breeding project.
2. To ensure that the variety development strategy and stage plan allow for the 
involvement of stakeholders at key decision points, specifically in: (i) the de-
sign, development and release of new varieties; (ii) enabling new varieties to 
reach farmers; and (iii) providing feedback on product performance and farmer 
adoption.

The chapter contains five main sections. The first, New Variety Development 
Strategy, discusses the creation of a de novo demand-led new variety development 
strategy as a strategic communications document. The second, Development 
Stage Plan, aims to present a clear understanding of the key components and 
benefits of a demand-led development stage plan that contains the key decision 
points and information needed for line progression. The stage plan includes all 
of the required activities and timelines for the creation of new varieties of the 
target crop. The third section, Timelines and Critical Paths, underlines the value 
of organizing the activities involved in developing demand-led varieties into an 
optimized plan and describes how to determine the critical path sequence and 
conduct critical path analysis. The fourth  section, Risk Management, discusses 
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the implementation of risk mitigation measures to reduce the likelihood of 
delays and ensure that outputs are delivered on time. Lastly, the section on 
Variety Registration aims to promote an understanding of the requirements 
and timescale needed to register a new improved variety for a crop in a 
country or region. This includes an ability to be able to engage with variety 
registration officials to ensure that registration procedures are tailored for 
additional market-demanded traits and to seek their support during the var-
ietal development process.

How does demand-led variety development add value to current practices?

• Development strategy. Demand-led breeding takes an integrated ap-
proach to new variety development. It requires a comprehensive ana-
lysis of the following: Who are the targeted clients? What are their needs 
and how may these change? What are the technical and regulatory 
elements of plant breeding? How will the new variety reach the targeted 
clients and will their requirements be satisfied? Success is measured by 
satisfying the demand encapsulated in the product profile and by feed-
back from farmers on product performance and variety adoption. This 
requires a comprehensive strategy that creates the framework for: the 
delivery of new variety design and variety creation; registration and re-
lease; client awareness building; seed distribution to farmers; and per-
formance and adoption monitoring.

• Development stage plan. Demand-led breeding requires a stage plan to be 
created with transparent time points and timelines for data review and ger-
mplasm progression decisions that involves the participation of key clients 
in the value chain. This helps to maintain the commitment of clients to new 
designs, enables joint problem solving, manages expectations and stimu-
lates demand.

• Development planning. Demand-led breeding creates more com-
plexity as a result of a broader range of client involvement, trait tar-
gets and performance testing. Therefore, to counteract potential de-
lays, greater emphasis is placed on breeders developing professional 
planning skills, the understanding of critical paths and risk mitigation 
strategies.

• Participatory breeding. Demand-led breeding includes, but goes beyond, 
farmer-participatory breeding. It puts more emphasis on regularly con-
sulting and understanding the needs and preferences of all clients and 
stakeholders in a crop value chain. It involves seeking information from 
farmers and consumers, in both rural and urban areas, through participa-
tory appraisal methods. Consultation is a continuous requirement 
throughout the whole development process, registration and launch, so 
that a new variety not only supports farmers’ requirements for crop prod-
uctivity and sufficient food for home consumption, but also ensures that 
production surpluses can enter markets. A development stage plan that 
includes the joint development of ideas and joint decision making with 
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stakeholders in the value chain is critical for success (see Chapters 3 and 4, 
this volume).

• Variety design and benchmarking. Demand-led breeding places emphasis 
on the systematic, quantitative assessment of varietal characteristics and 
creating product profiles with benchmarks for varietal performance and 
line progression. Consumer-demanded traits are given more importance. It 
requires the prioritization of the many traits desired by farmers, processors, 
seed distributors, transporters, retailers and consumers (see Chapter 4, this 
volume).

• Registration standards. Early contact with registration officials is required 
at the variety design phase, well before a potential new variety is ready to 
enter official registration trials. Thus, at an early stage, there is a need to 
validate designs, agree standards for consumer-based traits, and create 
interest in the new variety by officials, as this will potentially accelerate 
the timelines to delivery of the demand-led varieties (see Chapter 4, this 
volume).

Implications for the role of the plant breeder
• Market and business knowledge. To be effective at consultation within the 

value chain, demand-led breeders require greater knowledge about crop 
uses, markets and the ‘business of plant breeding’, which takes the best 
practices from demand-led breeding and integrates these with the best 
practices in business.

• Decision making and planning skills. Breeders need to further develop 
their planning skills to deliver two essential aspects of demand-led breed-
ing: (i) a stage plan that is used to plan decision points; and (ii) an activity 
delivery plan that sits within and supports the stage plan, and contains all 
the activities necessary to deliver a new variety from initial design through 
to use by farmers. The different stages are directly linked, so they must 
communicate with each other.

• Liaison with government officials. Breeders need to work closely with key 
government officials to sensitize them to the need for new demand led- 
varieties which may have new consumer-preferred traits that respond to 
market demands; by so doing, they will solicit the support of such officials 
for new demand-led varieties and advocate the use of the new varieties 
(see Chapter 4, this volume).

• Data-driven decisions. They need to use data that are important for the 
value chain to make decisions, and to find creative ways to shorten time-
scales for variety development by using critical path analysis and risk miti-
gation while in the demand-led variety development process.

• Compelling business cases. Breeders need to be able to understand who 
their clients are and create varieties that have benefits for all in the 
value chain, as well as delivering an attractive return on investment. 
They also need to develop a broader and deeper understanding of the 
range of costs required to develop demand-led varieties as a basis for 
creating business investment cases that are persuasive to government 
officials, private and public investors and other stakeholders, so that 
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they can secure and retain support for a demand-led breeding pro-
gramme (see Chapter 7, this volume).

Key messages for plant breeders

Development strategy
• Development strategy. A comprehensive, delivery-orientated development 

strategy is essential for a successful demand-led breeding project/pro-
gramme; this strategy, as agreed with clients and stakeholders, is also an 
important communications document.

• Measuring success. The strategy should contain key performance indica-
tors (KPIs), as part of its monitoring, evaluation and learning plan. Success 
is measured by variety adoption by farmers; variety performance versus 
expectations in the variety profile and feedback from farmers and other cli-
ents in the value chain (see Chapter 6, this volume).

Development stage plan
• Stage plan. A development stage plan is essential for every successful 

demand-led breeding programme. This makes transparent the key decision 
points, the information required and the involvement of clients along the 
value chain at the key decision points. A clear plan of engagement with 
stakeholders is required in the value chain during the whole timeline of 
variety development.

• Credibility. An optimized stage plan can give credibility to a breeding pro-
gramme, speed up variety development and decision making and, by the 
involvement of clients, maintain their interest and create demand for the 
new variety during its development.

Timelines and critical paths
• Timeline optimization. Demand-led approaches involve more data gener-

ation and greater complexity of interactions and consultations with clients. 
These factors increase the potential for costs and delays. To counteract this, 
demand-led breeding requires a stronger focus on project planning and the 
inclusion of bioassays and performance testing, critical path analysis and 
risk management.

Variety registration
• Early engagement with officials. Breeders should work closely with government 

officials to sensitize them to the need for new varieties to include new traits that 
respond to market demands, and seek their support for new demand-led var-
ieties. Early discussions are needed during the design phase if new consumer 
traits are likely to require special procedures or are not recognized under existing 
registration and release procedures (see Chapter 4, this volume).

• Registration strategy. Harmonized variety registration requirements in dif-
ferent countries/regions should be explored so as to enable the broadest 
base of clients to have access to new demand-led varieties.
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Additional key messages for research and development (R&D) leaders, 
managers, government officials and investors

Development strategy
• Development strategy. A clear, reviewed, owned and approved strategy 

is required that provides not only a framework for the design and cre-
ation of new varieties, but also awareness of and access to new seeds by 
farmers, and the tracking of variety adoption and performance versus the 
targets.

• Incentives. Managers should support and encourage their breeders to find 
the best ways of maximizing reach and scaling seed availability so that 
seeds reach farmers through both public and private sector seed systems.

Timelines and critical paths
• Timeline optimization. Managers need to support their breeders to develop 

optimized development plans, reduce complexity where possible and, 
where appropriate, partner with the private sector for access to specialized 
bioassays and as a means of reducing costs.

Variety registration
• R&D managers should facilitate and support their breeders in consultations 

with registration officials and enable forward-thinking about registration 
requirements for consumer traits.

Introduction

The objectives of this chapter are:

1. To enable plant breeders to construct a high-quality and well-documented 
demand-led variety development strategy and a development stage plan in 
order to enable good governance, rigorous decision making and activity plan-
ning within a demand-led breeding project.
2. To ensure that the variety development strategy and stage plan allow for the 
involvement of stakeholders at key decision points, specifically in: (i) the de-
sign, development and release of new varieties; (ii) enabling new varieties to 
reach farmers; and (iii) providing feedback on product performance and farmer 
adoption.

The chapter contains five main sections. The first, New Variety Development 
Strategy, discusses the creation of a de novo demand-led new variety de-
velopment strategy as a strategic communications document. The second, 
Development Stage Plan, aims to present a clear understanding of the key 
components and benefits of a demand-led development stage plan that con-
tains the key decision points and information needed for line progression. The 
stage plan includes all of the required activities and timelines for the creation 
of new varieties of the target crop. The third section, Timelines and Critical 
Paths, underlines the value of organizing the activities involved in developing 
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demand-led varieties into an optimized plan and describes how to determine 
the critical path sequence and conduct critical path analysis. The fourth sec-
tion, Risk Management, discusses the implementation of risk mitigation meas-
ures to reduce the likelihood of delays and ensure that outputs are delivered 
on time. Lastly, the section on Variety Registration aims to promote an under-
standing of the requirements and timescale needed to register a new improved 
variety for a crop in a country or region.

The aim of the chapter is to enable African plant breeders to understand 
the principles and share the best practices in the construction of a variety de-
velopment strategy and stage plan for demand-led variety design, and to act 
as a resource for education in this field. For this purpose, boxes are included 
in several sections of the chapter that summarize their educational object-
ives and present the key messages and questions that are involved. There is 
also a final box at the end of the chapter that summarizes the overall learning 
objectives.

Key principles of and differences between creating a development strategy 
and a development stage plan

Demand-led development strategy
• The strategy defines the core characteristics of the new variety product, its 

competitive advantages and the key goals to be achieved.
• It requires a full analysis and understanding of the external environment and 

of all of the influencing drivers, current and foreseen. It focuses primarily on 
external factors and what choices a breeder will make to serve clients.

• It considers key questions on ‘What?’, ‘Why?’ and ‘For whom?’
• The strategy has a broader scope than a plan and considers the end product 

and its adoption.
• Strategy creation should precede planning. The stage plan should be cre-

ated to deliver the new variety and its strategic goals.

Development stage plan
• The development stage plan is a series of steps for the design, creation and 

delivery of the new variety to farmers. Planning involves looking at all pos-
sible paths to achieve this goal.

• It involves making decisions on how to use resources and the actions 
needed to achieve the development strategy.

• The stage plan requires consideration of questions involving ‘How?’, 
‘When?’, ‘Where?’ and ‘Who?’

New Variety Development Strategy (Boxes 5.1 and 5.2)

A central and differentiating principle of conducting demand-led breeding is 
its holistic and client-driven approach to new variety design and development. 
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Box 5.1. Elements of a new variety development strategy.

Target crop agricultural landscape

• Current crop supply and demand: domestic and import data.
• Key challenges.
• Policy landscape and targets.
• An enabling environment.

Market analysis

• Crop uses.
• Market segments.
• Farmers.
• The value chain.
• The seed production and seed retail system.

Target clients and market segment

• Quantification of market demand.
• Clients targeted – numbers of farmers, client profiles, farm sizes, farm systems,  countries, 

geographic scope, agro-ecological zones.
• Crop segment and use.
• Varieties used – profile, history, performance, strengths and weaknesses.

Variety design and market positioning

• New variety product profile.
• Variety design attributes and quantitative benchmarks.
• Differentiation from existing varieties.
• Means of identifying the variety after registration and post-launch monitoring of 

 adoption.
• Ranking of trait priorities.
• Breeding goals and objectives.

Development plan and timetable

• Stage plan milestones and decisions.
• Operational activities plan and timetable.
• Critical path.
• Risk mitigation actions.
• Skills and expertise required.

Development costs

• Quantified costs of the new variety development programme.

Development investment case: benefits and costs

• Quantitative and qualitative benefits – social, economic, trade, environmental, etc. and 
how this case fits within national priorities, compared with its costs and risks.

Project governance

• How decisions will be taken on line progression through the stage plan.
• The involvement of key stakeholders.

Continued
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This involves an investigation, at the early ideas stage, of the key informa-
tion needed to define and deliver varieties for end users and their market 
value chains. It also involves seeking buy-in and support from clients, key 
stakeholders and influencers such as government officials, who affect supply 
and demand. To instil clarity and rigour, a demand-led development strategy 
should be created for each new variety design. Each new variety will have 
its own strategy document that will need to be reviewed periodically as the 
breeding programme progresses. When several new varieties are developed 
for the same clients, it may be appropriate to include these within the same 
strategy document.

The creation of a product development strategy requires an understanding 
of the following factors: the strategic fit of the product(s) with national gov-
ernment crop priorities; a systematic review of the crop supply and demand 
situation; definition of the clients being targeted, their needs and preferences; 
clarity about the clients’ market segments and value chains; definition of the 
problem being addressed; the variety design profile; current variety perform-
ance; the product development plan; development costs; project governance; 
the involvement of stakeholders; risk management measures; performance 
measures; and feasibility. The outputs from consideration of these factors are 
used to evaluate the return on investment and, if they are of high enough pri-
ority, breeding goals and objectives are set to deliver the new varieties and 
monitor their use.

Box 5.1. Continued.

Variety demand: awareness, promotion and scaling

• Communication and advertising.
• The involvement of extension services, lead farmers and the value chain.
• Farmer demonstrations.
• The seed production plan.

Seed systems

• How will the variety reach the target farmers?
• What will the distribution system be?
• What partnerships are required?

Variety performance and adoption

• Who will be responsible for the post-launch tracking plan and how will it be done?
• What is the client feedback on variety performance?

Performance measures and risk management

• Demand-led performance measures.
• Clear identification of what success looks like – target setting.
• Monitoring and evaluation and learning plan.
• Key delivery risks and risk mitigation plan.
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An enabling environment is required for engagement with the value chain 
and private sector actors so that more modern varieties will reach smallholder 
farmers. Demand-led approaches mean that these aspects have been con-
sidered and possible partnerships explored before breeding work starts. The 
seed channel and supporting legal frameworks that will encourage private 
sector engagement require special consideration, as they can make or break 
access to germplasm and the scale at which seed can be delivered to farmers. 
Demand-led breeders are not expected to create new seed systems for their 

Box 5.2. Demand-led new variety development strategy: educational objectives.

Purpose: to be able to create and communicate a development strategy for each new 
 variety design.

Educational objectives:

• to understand the core components of a new variety development strategy; and
• to analyse market information and combine this with technical and scientific knowledge to 

create a development strategy for a new variety.

Key messages

• A clear demand-led development strategy and delivery plan should be created for each 
new variety or each group of varieties to be developed.

• The development strategy document should contain the stage and activity plan and be 
used as the primary communications tool to gain input and buy-in from managers, variety 
development team(s), stakeholders and investors.

• A development strategy should be created before the breeding programme commences.

Key questions

A demand-led variety development strategy should address the following questions:

• Who is the new variety for?
• How many farmers are there who are involved and where are they?
• What markets and market segments do these farmers serve?
• What is their value chain?
• What is the crop used for?
• What is the demand and how may it change in the future?
• What are the unique characteristics of the variety?
• What is the benefits case for clients to grow this new variety to serve their markets?
• What is the investment case for development (including how it fits within government na-

tional priorities)?
• Why should financial investment be provided?
• Who will develop the variety and how will clients and their value chains be involved?
• How will the development be governed?
• What is the variety development and registration plan?
• What seed system will be used to supply clients with the new variety?
• How will adoption by clients be monitored?
• What are the critical success factors and performance measures?
• What is the feasibility and what risk management is required?



124 R. Chirwa

varieties, but they do need to engage with the relevant professionals to estab-
lish how seed and product information will reach farmers. This involves li-
aising with extension professionals, government officials and the private sector, 
where public and private seed systems are operational. In other situations, it 
may be necessary to stimulate action by liaison with key individuals in their 
subregional organizations (SROs), foundations, non-governmental organiza-
tions (NGOs) or organizations such as the Alliance for a Green Revolution in 
Africa (AGRA), who have a mission to facilitate and develop seed systems for 
farmers to access improved seed.

Creating a demand-led development strategy (Box 5.1)

The framework for creating a new variety development strategy is shown in 
Fig. 5.1 and the key elements of the strategy are shown in Box 5.1. These elem-
ents are covered in detail in the preceding chapters of this volume. Best prac-
tice involves condensing the information obtained on all of these issues into 
a new variety development strategy document of no more than ten pages in 
length. This strategy document then becomes a primary communications tool 
for discussion with management, the multifunctional development team, and 
the stakeholders and investors, in seeking their input, providing information 
and gaining ownership and approval for the new variety development.

Box 5.2 outlines the educational objectives that are involved in creating 
and designing a development strategy for each new variety design.

Development Stage Plan (Box 5.3)

The stage plan is the tool that a demand-led breeder should use to govern the 
decision making and progression of leading lines towards commercialization. 

Crop strategy
National
programme
priorities

Client segment 2

Client segment 1

New variety development
strategy

Variety design 1 Variety design 2 Variety design 2

Client segment 3

Client segment 4

Breeding goal Breeding goal Breeding goal
Objective 1 Objective 1 Objective 1
Objective 2 Objective 2 Objective 2
Objective 3 Objective 3 Objective 3

Fig. 5.1. Framework for a new variety development strategy. Provided by V.M.  Anthony.
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It is a transparent framework that describes all of the phases and organizes the 
sequence of activities and timetable required to develop and commercialize 
a new variety. It typically covers the full life cycle from new ideas for variety 
design through to variety registration and discontinuation from seed distribu-
tion lists.

Box 5.3. Development stage plan: educational objectives.

Purpose: to be able to create a development stage plan to deliver each new variety design.

Educational objectives:

• to understand the key principles, components and benefits of using a development stage 
plan to deliver a successful demand-led breeding programme; and

• to develop a detailed development stage plan that includes all of the required decision 
points, and the activities, data collection and analysis required to make these decisions, 
together with the associated timelines and costs, to create and register a new variety of 
the crop of interest.

Key messages

• A development stage plan is essential for all breeding programmes.
• A stage plan is the key tool for supporting timely decision making and determining whether 

a new genotype/line is ready for progression to the next stage and further investment.
• A stage plan contains all of the activities needed to deliver a new variety, from initial de-

sign to use by farmers. The activities are mapped on to all of the different stages of pro-
gression along the timeline. The different stages are directly linked and so they must 
communicate with each other.

• A stage plan is especially useful not just to organize activities but also to gain inputs, sup-
port and pull through from clients at the right time in the development process.

• A common language is especially important for effective communication between teams 
of clients, and with experts from different disciplines and across each stage.

Key questions

The key questions to be addressed include:

• What is a demand-led development stage plan?
• What are the benefits of creating a stage plan and how can it contribute to the success of 

a breeding programme?
• How can a stage plan encourage demand?
• How can a stage plan be used to support quality decisions and ownership of these deci-

sions by stakeholders?
• What and when are the critical decision points on varietal design during the stage plan?
• Who should you involve to make a progression decision from one stage to the next?
• What is the full list of activities and information/data required to progress from one stage 

to the next?
• What expertise and skill is needed for each activity?
• Which activities can be done concurrently and which must be done sequentially?
• How and when will you do critical bioassays/genetic evaluations to test for the presence 

of essential consumer traits, agronomic traits, processing traits and production traits?
• What are the resource requirements and costs of each activity and each stage?
• How easy is it to procure these resource needs?
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Stage plans are used by successful seed companies and public sector 
R&D institutions to manage their decision making to efficiently and effectively 
deliver new varieties from their breeding programmes to meet client needs. 
Organizations may use different nomenclature, headers or activities separated 
at different points in the process, but the principles are the same, i.e. there is a 
discrete set of decision points and stages containing defined activities.

The decision points are called stage gates, and these are the points at which 
formal progression decisions are taken for germplasm to enter the next stage. 
The separate stages are usually designated by letters, as shown in the list below. 
This is to avoid any confusion with the crop numbering systems that are used 
for breeding activities – for some crops, there is a universal numbering system, 
while for others, there is no consistently recognized nomenclature.

The different stages of a stage plan are as follows:

• Stage A – Variety design;
• Stage B – Trait discovery;
• Stage C – Proof of product concept;
• Stage D – Early development;
• Stage E – Late development;
• Stage F – Pre-commercialization;
• Stage G – Commercialization;
• Stage H – Variety discontinuation; and
• Stage I – Discontinued product.

Figure 5.2 shows a modified version of a stage plan developed by Syngenta 
Seeds, indicating the decision milestones A to H.

Breeding that is demand led requires the greater involvement not only of 
farmers but also of all clients and stakeholders in the value chain from the 
point of inception of the development of new demand-led varieties, through 
the R&D components of variety creation and breeding, to seed delivery. This 
greater involvement of stakeholders and broader expert disciplines means that 
the programme of work has greater complexity, with more data generation and 
a potential for greater costs, and therefore requires rigorous forward planning 
and optimal organization for decision making. Therefore, a stage plan is an 
essential component for delivering a successful and cost-effective demand-led 
breeding programme.

Taking a demand-led approach as part of the stage plan not only ensures 
that the variety created delivers the client’s needs but also that the develop-
ment process itself can actively create demand and increase adoption by 
farmers upon release of the new variety. Creating and delivering demand is 
achieved by:

• Consultation: incorporating clients’ ideas and requirements at the design 
stage.

• Co-evaluation: partnering with clients in line evaluation (e.g. using partici-
patory breeding methods with farmers; and the inclusion of tests for 
 suitability by processors for manufacture, chefs for cooking qualities and 
transporters for storage.
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Early
developmentDiscovery

Proof of
concept

Late
development

Pre-
commercial Commercial Discontinuation

Variety
design A C D E F G HB

Market research.
Product profile

creation.
Development
investment

case created

Identification,
characterization
and selection of
specific traits to

be used

p

Line
development.

Development and
screening of

product
components or
pre-products
rather than
products

Small plot
screening of
products as
commercial
prototypes

Product prototype
characterization

and selection
based on

performance in
replicated trials

and wider
evaluation

Preparing for
launch

Product sales Stop sales
Elimination of

inventory

Breeding and selection Product evaluation
and scaling up

Life cycle management

Investment
decision

Initiation of
research on
germplasm

aligned to the
product concept

Commercial
candidates

Selected and
requiring

characterization, scaling-
up and regulatory

approval

Product
launch

Launch of specific
products in

specific market
segments

Product
discontinuation

Products that have
completed

discontinuation
activities, and stock
has been removed

from inventories

Product concept

Key: Stage gate
decision point

Stage Stage activities
Phase

Line progression decisions

Launch
Rapid growth

Peak sales
Sales decline

Fig. 5.2. A demand-led breeding stage plan. Modified version of a Syngenta Seeds stage plan provided by Syngenta.
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• Joint decision making: involving clients and stakeholders in the selection 
and progression decisions of lead lines from one stage to the next.

• Problem solving: working with clients and stakeholders to solve prob-
lems and make trade-off decisions on the priority of traits in the prod-
uct profile. When done well, this brings ownership and buy-in by 
clients.

Case study: small white pea bean in Zimbabwe

A practical example is provided here that follows the logic of a variety devel-
opment stage plan for small white pea bean (navy bean) in Zimbabwe (see 
Fig. 5.3). In this case, the canning foods industry needs a small white pea bean 
that meets the canned baked bean product characteristics that consumers 
demand. There is high demand for canned bean products in Zimbabwe, but 
supply is limited owing to insufficient local production and the lack of white 
pea beans varieties with suitable canning qualities for farmers to grow. The 
shortfall is met by imported products from South Africa. The local industry is 
faced with several challenges in the processing of more locally grown beans, 
but in addition there is insufficient local supply. As a result, Zimbabwe is im-
porting the white pea bean grain from Malawi and Ethiopia to keep the canning 
industry going and to meet market demand.

Demand
Zimbabwe’s population is approximately 14.6 million (2014) and is increasing 
at a rate of 3% a year. With the urban population at 33%, and coupled with 
the rising cost of electricity, more people in urban areas are turning to pro-
cessed food products to save time and electricity in home food preparation. 
Canned beans are one of the canned food products that are in high demand. 
The country therefore needs to develop canning bean varieties that meet the 
industry requirements, and are also adapted to the bean production environ-
ments that are available, are resistant to diseases and drought, and provide 
farmers with a high grain yield.

Stage plan description
A variety development stage plan for white pea bean in Zimbabwe is de-
scribed step-by-step in Fig. 5.3. The plan has four phases: (i) product concept; 
(ii) breeding and selection; (iii) product evaluation and scaling up; and (iv) 
life cycle management. Within each phase, there steps that are referred to as 
stages. The different stages are given letter codes A, B, C, D, up to I. At each 
stage, decisions have to be made before proceeding to the next stage. At the 
last stage in each phase, critical decisions have to be made and these are 
called stage gates.

The different phases and stages of a variety development stage plan for this 
case study are described in more detail in Table 5.1, which describes the phases 
and stages in sequence and indicates for each their activities, purpose, who is 
involved in making the decisions, and the next steps.
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Early
developmentDiscovery

Proof of
concept

Late
development

Pre-
commercial Commercial Discontinuation

Variety
design A C D E F G HB

1. Market
demands for
baked bean
2. Product profile:
small white
canning bean
3. Investment
case: industry
requires 360
tons/year

Identify traits:
1. Colour – white
2. Seed size <18
g/100 seeds
3. Disease
resistance: <3
4. Drought
resistance
5. Canning
quality: (HC > 1.7
and PWDWT >
60%)

Line
development: 
identify parent
lines;
and generate
segregating
populations –
these are pre-
products rather
than products

Screen lines in
small plots
(nurseries and
PVT) together 
with farmers,
industry and
relevant officials
in variety
registration

Product
prototype:
test varieties in
large plots,
replicated trials
(IVT and AVT), and 
also on farm with
farmers, traders
and industry;
selection based on
set criteria

Preparing for
launch:
1. Conduct
DUS and VCU
for variety
release
2. Conduct
massive
demonstration
plots with
partners

Product sales:
launch new
varieties with
massive seed
production,
distribution
promotion and
sales until sales
decline

Stop sales
Elimination of

inventory

Breeding and selection Product evaluation
and scaling up

Life cycle management

Investment
decision

Initiation of
research on
germplasm

aligned to the
product concept

Commercial
candidates

Selected and
requiring

characterization, scaling
up and regulatory

approval

Product
launch

Launch of specific
products in

specific market
segments

Product
discontinuation

Products that have
completed

discontinuation
activities, and stock
has been removed

from inventories

Product concept

Key: Stage gate
decision point

Stage
Stage activitiesPhase

Line progression decisions

Fig. 5.3. A flow chart of a stage plan for developing a new variety of small white pea bean suitable as a canning variety in Zimbabwe. Key: 
AVT, advanced variety trials; DUS, distinctiveness, uniformity, and stability; HC, hydration coefficient; IVT, initial variety trials; PWDWT, per-
centage washed drained weight; PVT, preliminary variety trials; VCU, value for cultivation and use. Modified version of a Syngenta Seeds 
stage plan provided by Syngenta.
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Table 5.1. Different phases and stages of a variety development stage plan, for the development of small white pea bean varieties in 
Zimbabwe.

Stage Activities Purpose Who Next step

Phase 1: Product concept and Stage Gate 1: Investment decision
Stage A: Variety 

design
1. Develop product profile –  

describe the canning 
bean product with clear 
specifications: Small white 
pea bean (<18 g/100 seeds, 
hydration coefficient (HC) 
>1.7, percentage washed 
drained weight (PWDWT)  
> 60%.

2. Develop investment case: 
clearly show need for the 
product; how much demand 
is there? (30 tons/month); 
does cost–benefit analysis 
favour the investment?

To convince the investors 
in the public and 
private sectors, and the 
clients and value chain 
stakeholders that the 
initiative is good value 
for money

Plant breeder and 
partners in various 
fields, including 
economists and key 
stakeholders

Proceed to Phase 2: 
Breeding and selection –  
initiation of research on 
germplasm aligned to 
the product concept

Phase 2: Breeding and selection and Stage gate 2 – Commercial candidate varieties
Stage B: Discovery Identification, characterization 

and selection of specific 
traits: grain colour (white); 
grain size (18 g/100 seeds); 
resistance to diseases (<3.0 
score for BCMVa and ALSb); 
tolerance to drought; and 
industrial canning qualities 
(HC > 1.7 and PWDWT  
> 60%)

To establish the traits 
for selection and the 
selection criteria (cut-off 
points)

Breeders and the relevant 
partners, including 
plant pathologists, 
physiologists, food 
scientists, the canning 
industry and consumers

Proceed to Stage C: Proof 
of concept
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Stage C: Proof of 
concept

Development and screening of 
small white pea bean lines 
for resistance to ALS, CBBc 
and drought, and also for 
acceptable canning qualities 
and grain yield under 
conditions with and without 
drought stress

To deliver a product that 
meets the set selection 
criteria and meets the 
consumer demand

Breeders and partners 
(plant pathologists, 
physiologists, food 
scientists, the 
canning industry and 
consumers)

Proceed to Stage D: Early 
product development

Stage D: Early 
product 
development

Small plot screening of 
products as commercial 
prototypes

Testing varieties 
in nurseries and 
preliminary yield trials 
(PYT) to select bean 
lines with resistance 
to BCMV, ALS and 
drought, and also 
preliminary evaluation 
for yield and canning 
qualities

Breeder and partners 
(e.g. variety release 
committee (VRC), 
seed certification unit, 
seed producers and 
disseminators, grain 
traders, the canning 
industry)

Proceed to Stage E, if 
the product passes the 
critical evaluation at the 
end of Phase 2, Stage 
D (the stage gate on 
commercial candidate 
varieties)

Phase 3: Product evaluation and scaling up
Stage E: Late product 

development
Product prototype 

characterization and 
selection based on 
performance in replicated 
trials and wider evaluation

Testing the varieties in 
advanced yield trials 
(AYT) or national 
performance trials 
(NPT) in preparation for 
variety release

Same as stage D Proceed to Stage F

Stage F: Pre-
commercialization

Preparing for variety launch: 
conduct large-scale 
demonstration plots to 
create awareness of the 
new variety and release the 
variety

To create awareness 
of the upcoming new 
variety

Same as stage D Proceed to the stage 
gate on variety launch 
(release), after meeting 
the requirements of 
Stage F, and then move 
on to Stage G

Continued
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Phase 4: Life cycle management
Stage G: 

Commercialization
Large-scale seed production 

and distribution
Promotion of the new variety 

through demonstrations, and 
mass media (print/electronic)

To publicize the new 
variety widely and 
promote sales

Seed producers, seed 
traders, grain traders 
and the canning 
industry

Proceed to Stage I – the 
last stage towards 
the stage gate on 
discontinuation of the 
variety

Stage H: Discontinue 
the variety

Stop seed production and 
promotion and deregister the 
variety from the variety list

To remove the variety 
from circulation

Breeder(s), seed 
producers, traders, 
VRC, and officials in 
government or in a 
private seed company

Stage gate on variety 
discontinuation: replace 
the old variety with a 
new, improved variety

aBean common mosaic virus; bangular leaf spot; ccommon bacterial blight.

Table 5.1. Continued.

Stage Activities Purpose Who Next step
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The benefits of a stage plan

The benefits to breeders of creating and using a demand-led stage plan include:

• Product adoption. Stage plans require regular reviews of the variety design and 
the trait/germplasm combinations being developed, including engagement with 
clients and stakeholders as part of these reviews. Thus, there is a higher likeli-
hood of varieties achieving high farmer adoption by meeting clients’ demand.

• Decision making. A stage plan enables greater focus on the key milestones 
and generation of the quality data and information that are required for 
rigorous and informed decisions to be taken in a timely manner during new 
variety development. It encourages forward planning for convening the 
governance groups and committees responsible for taking decisions in 
breeding programmes. It ensures there is management involvement and 
ownership of the performance of new varieties, and in progression deci-
sions and the associated costs and investment needs.

• Fully integrated plan. Stage progression decisions require full transparency 
of all of the data, information, activities, skills, resources and investment 
needed to create and deliver a new demand-led variety. This encourages 
excellent planning to seek efficiencies and a smooth flow of activities from 
start to completion of the variety development. This is important to avoid 
delays in or non-delivery of new varieties due to lack of skills, equipment, 
resources or other programme blockers. As a planning tool, the stage plan 
also enables iterations with and ownership by all scientific contributors, 
clients, stakeholders and government authorities.

• Communications. The stage plan is a communications tool that provides a 
visualization framework to show the progress of the many lines under de-
velopment within a breeding programme or institutional portfolio, as each 
line is assigned to a specific stage in the plan.

Creating a stage plan and progression decisions

Every stage plan requires breeders to have a clear idea of how decisions will be 
taken and what data, information, activities and resources are required, so that 
key components are in place to deliver the intended new varieties. To create a 
stage plan a breeder needs to consider and include the following activities: (i) 
governance and decision making; (ii) engagement with clients and stakeholders; 
(iii) variety design; (iv) development planning and activity optimization using crit-
ical path analysis; (v) breeding, testing and evaluation; (vi) variety registration and 
scale up; (vii) seed production; and (viii) cost analysis. Overarching all of these 
activities is monitoring, evaluation and learning (M&E&L), which is required 
during all stages of the variety development process (see Chapter 6, this volume).

Governance and decision making: stage gates and progression decisions
The lead breeder with their project team, in consultation with their manage-
ment, should create an appropriate series of stages with decision points, and 
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determine: when these decisions should take place; who is required to make 
the decisions; what data and inputs are required; and how reviews will be 
held. The best demand-led breeding programmes create a set of standards to 
underpin decision making with the specific sets of data, information and per-
formance criteria that are required for a line to formally proceed from one 
stage to the next. A broad range of information is required, based on: client 
needs; scientific and technical data; risk analysis of the likelihood of success; 
and financial aspects, such as resource cost implications. A governance group 
should be defined that involves key managers, stakeholders, breeding experts 
and others as appropriate for each stage of progression. This supports buy-in 
and ownership by management and investors in the programme.

The stage plan reviews will include:

• Client demand: reviewing projected demand, client/stakeholder involve-
ment and relationships.

• Data quality: assessing whether the data are of the necessary quality and 
completeness for stage progression or whether further data are required.

• Germplasm performance: checking the performance of the lead ger-
mplasm or its components versus the product profile and performance re-
quired.

• Risk management: assessing the uncertainties and likelihood of success 
and the risk management requirements.

• Resources and investment: checking the monies spent, the costs and the 
availability of skills and resources required for the next stage.

• Breeding strategy and technical plan: examining the effectiveness and ef-
ficiency of the strategy and plan.

Engagement with clients and stakeholders
Decisions are required on which clients and stakeholders should be involved 
at different points of the stage plan and which ones should be invited to 
partner in variety design, product profiling, data generation, line progres-
sion and stage progression decisions. It is important to bring in constructive 
ideas from all key clients and stakeholders in the variety development pro-
cess, including investors, researchers, development partners, seed industry, 
traders, the processing industry and consumers. These stakeholders will guide 
which direction the variety development programme should take, clearly de-
fine the targets and provide some insights into the economic viability of the 
programme.

Variety design
• Understanding who the new variety will serve and the market segment of 

farmers and clients for which it is designed.
• Understanding and characterizing the performance and deficiencies of 

 existing varieties.
• Identifying traits to be incorporated in the demand-led variety.
• Identifying possible sources of germplasm containing the demanded 

traits.
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• Actively involving key stakeholders and clients such as researchers, devel-
opment partners, seed industry, commodity traders, processing industry 
and consumers in the design process. Clients should also contribute to the 
decisions on the type of a variety to be developed according to the set cri-
teria that cover both agronomic and market requirements.

Development planning
• Capturing investors’ interests.
• Establishing the traders’ and consumers’ preferences.
• Establishing market quality standards and methods of measurement.
• Identifying key players at each stage of the breeding programme and the 

skills required.
• Estimating the costs of each stage and benefits of the programme.
• Understanding the critical path, timelines and risks.
• Searching for efficiency gains and optimization of the plan and its re-

sources.
• Establishing the monitoring and evaluation approach.

Breeding and evaluation
• Creating new germplasm by performing crosses and/or making selections 

from the resulting best genotypes and testing their performance.
• Identifying key players (personnel, facilities and institutions) that will be 

required to test and characterize the performance of the new design versus 
the specification standards required to progress the improved variety 
through the registration process.

• Defining the outputs and standards of measurements required in assays, 
testing regimes and field trials.

• Estimating the required resources in personnel/skills, equipment and finan-
cial resources.

• Developing a breeding plan of activities from start to delivery of the 
variety.

• Defining the timelines for each activity.
• Determining the critical path and shortest route to delivery of the variety.
• Defining the monitoring and evaluation process (M&E).

Variety registration and seed scale up
In most African countries, the commercial supply of seeds to farmers requires na-
tional governments to evaluate and approve the performance and stability of new 
varieties. Good contact with government officials and key influencers on the var-
iety release committee is essential for all plant breeders so that they understand 
the registration requirements and the costs involved. It is also important to know 
the registration timelines for varietal release and to enable the coordination of the 
scale up of seed production so that seeds can be made available for awareness 
building and demonstration to farmers as part of the demand-led process.

A key risk is that registration is granted but there is insufficient seed avail-
able for farmers to benefit by using the new variety. The stakeholders who 
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need to be involved here are researchers/breeders, development partners, seed 
traders, the processing industry and consumers. Activities are:

• liaison with registration authorities;
• testing for distinctiveness, uniformity and stability (DUS);
• determining value for cultivation and use (VCU);
• submission to the variety release committee (VRC);
• ensuring the coordination of seed production; and
• conducting M&E.

Seed distribution and farmer access
A new variety is only meaningful if the intended users can have access to seeds 
to enable them to grow the variety. The seed supply systems must be articu-
lated in the development strategy and stage plan so as to ensure farmer access 
to seed immediately the variety is released. The stakeholders representing the 
seed supply chain include: researchers, development partners, seed growers, 
agro-dealers and the private seed industries. It is the seed supply systems that 
make available and promote the use of the variety and thus determine its pos-
sible utilization and adoption, and its ultimate success (or failure).

Timelines and Critical Paths (Boxes 5.4, 5.5 and 5.6)

Demand-led breeding requires emphasis to be placed on project planning 
and critical path management. This is to prevent extended timelines and de-
lays that arise from greater consultation requirements and the involvement of 
clients and stakeholders. The reputations of demand-led breeders will depend 
not only on the numbers and quality of their publications and the number of 
new variety registrations, but also on a number of other performance criteria 
specific to demand-led breeding. These include ensuring that: (i) new varieties 
are delivering the needs and preferences of farmers and those in the value 
chain; (ii) new varieties are used by farmers; and (iii) new varieties are devel-
oped in a timely and cost-effective manner. Using research approaches that in-
clude systematic planning, critical path analysis and risk management will help 
breeders and their research colleagues to achieve all three of these additional 
demand-led performance criteria. Learning and deploying these professional 
skills will help scientists to build their personal reputations for delivery and will 
contribute to achieving successful careers.

Breeding projects take many years and require a range of different skills 
from many disciplines, as well as institutes both within and between countries. 
National and international crop-based networks of breeders are now common 
and breeding programmes benefit from exchanging germplasm, molecular 
tools, and ideas and activities all along the development stage plan from the la-
boratory, to greenhouse trials, to field activities. In addition, more extensive re-
search collaborations occur frequently between universities, national breeding 
programmes and international research centres. For example, the successful 
Pan-African Bean Research Alliance (PABRA, 2017), is a network of several na-
tional bean research programmes in Africa that is linked with the international 
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bean  programme of CIAT (the International Center for Tropical Agriculture) 
(Buruchara et al., 2011; PABRA, 2017).

These multidisciplinary approaches and public–private partnerships can be 
magnets for new investments in demand-led variety development. However, 
such regional and international initiatives are highly dependent on cooperation 
among research groups located in different countries and, sometimes, in different 
continents. Successful collaboration requires visionary leadership and close 
communication among participants, as well as the regular movement of people, 
breeding materials and equipment around the network, and risk management.

Professional project planning combined with critical path management is 
one way to create transparency of all the activities needed in a demand-led 
variety development project, to understand the dependencies, to think about 
the potential risks and mitigation strategies, and to work out the duration of 
the project. Such planning is also helpful as a communications tool to enable 
 research collaborators to understand each other’s work plans and engender 
team support.

Box 5.4. New sugar bean varieties in Zimbabwe: example of a project activity plan. 

A bean breeder in Zimbabwe is developing new bean varieties to satisfy the cranberry (sugar 
bean) market class, which has a wide export market in southern Africa. The market requires 
a large-seeded grain type (40–45g/100 seeds). In addition, to support the improved nutrition 
and health for the vulnerable groups (young children and lactating mothers) campaign, the 
Government of Zimbabwe has a policy that all new bean varieties should meet the bio-fortified 
bean standards, which means containing at least 90 ppm Fe and 40 ppm Zn (per 100 seeds).

New sugar bean varieties need to meet the following performance standards:

• good environmental adaptation (including tolerance to drought) and high productivity;
• resistance to diseases, e.g. angular leaf spot (ALS), bean common mosaic virus 

(BCMV); and
• nutritional quality standards of at least 90 ppm Fe and 40 ppm Zn (per 100 seeds).

From more than 200 cranberry lines at the F6 generation harvested in April 2015, the 
breeder needs to select no more than 30 lines that meet the above selection criteria, and 
advance the lines for seed increase in the next generation under irrigation during June 2015 
planting in the low veld. This crop is targeted for harvest around October 2015 in readiness 
for planting the preliminary yield trials across four sites under rainfall in January 2016.

To evaluate the Fe and Zn content, the samples have to be sent to Rwanda, where a 
CGIAR/IFPRI (International Food Policy Research Institute) international programme, 
HarvestPlus, has the XRF equipment to analyse the grain for Fe and Zn content. This has 
to be done before June, as any delay would mean planting late. Planting after mid-July in 
the low veld means that the crop’s flowering period would coincide with hot night temperat-
ures (above 25°C), which desiccates the pollen, resulting in total crop failure and the loss of 
germplasm. Given these biological and environmental imperatives, it is important that the 
variety development team work out all the activities that are needed in a particular year, and 
then plan the time and order for each one of them, also adjusting when unexpected events 
occur through risk management. The resulting spreadsheet (or chart) of activities, timelines, 
resources, partners and the party responsible for ensuring the delivery of each activity on 
time and on budget constitutes the variety project plan.
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Demand-led variety development project activity plan

A demand-led variety development project activity plan provides a further 
level of detail below that of the variety development stage plan and facilitates 
the timely implementation of the stage plan. A comprehensive and optimized 
 project activity plan is especially important for demand-led breeding. This is 
because of the increased numbers of people who need to be consulted and 
the diversity of activities, resources, skills and information required for suc-
cess. The demand-led variety project plan should provide a description and 

Box 5.5. Variety development project activity plan. 

Year 1a – Make crosses (Female parent A) × (Male parent B) to get F1 seeds – in the green-
house – by the breeder.

Year 1b – Grow F1 seeds in the greenhouse or in the field under controlled conditions to 
obtain F2 seeds – by the breeder.

Year 2a – Plant bulk F2 seeds in the field under controlled conditions to generate as much 
seed as possible at the F3 generation – by the breeder.

Year 2b – Plant F3 seeds in a targeted environment and select plants with desirable target 
traits to produce F4 seeds – by the breeder and collaborating partners or stakeholders, de-
pending on the traits of interest.

Year 3a – Plant F4 seeds in a targeted environment and select plants with desirable target 
traits to produce F5 seeds – by the breeder and collaborating partners or stakeholders, de-
pending on the traits of interest.

Year 3b – Plant F5 seeds to increase the seed of F6 fixed lines – by the breeder and collab-
orating partners or stakeholders, depending on the traits of interest.

Year 4a – Evaluate F6 lines in a nursery, and select best lines while increasing seed for the 
next season – by the breeder and collaborating partners or stakeholders, depending on the 
traits of interest.

Year 4b and 5a – Evaluate selected lines in preliminary yield trials (PYT) at three sites and 
select the best lines – by the breeder and collaborating partners or stakeholders, depending 
on the traits of interest.

Year 5b and 6a – Evaluate selected lines in advanced yield trials (AYT) at four sites, plus 
on-farm trials at several sites, and select the best lines – by the breeder and collaborating 
partners or stakeholders, depending on the traits of interest.

Year 6b and 7a – Evaluate selected lines in national yield trials (NYT) at five sites and se-
lect the best lines – by the breeder and collaborating partners or stakeholders, depending 
on the traits of interest.

Year 7b – Conduct distinctiveness, uniformity and stability (DUS) and value for cultivation 
and use (VCU) tests – by the designated DUS testing unit.

Year 8a – Submit to the variety release committee (VRC) for variety registration (release) – by 
the breeder and the VRC.
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 timetable of all activities that are needed during the development of a new 
variety. The plan is often most effectively communicated as an Excel spread-
sheet or a Gantt chart, with all of the activities listed, together with their dur-
ation and the person responsible for delivery. The best project plans also map 
closely on to the development stage plan with milestones, decision points and 
demand-led performance criteria and standards set to determine whether ger-
mplasm lines should be progressed to the next stage. The benefits of rigorous 
systematic forward planning are demonstrated in the example of sugar bean 
breeding in Zimbabwe (Box 5.4).

Partnering with the value chain may involve including critical bioassays/
genetic evaluation activities to test for the presence of essential consumer traits, 

Box 5.6. Timelines and critical paths: educational objectives.

Purpose: to support plant breeders to maximize their chances of successful completion, 
registration and release of new demand-led varieties on time and on budget, by strength-
ening their project planning skills, and learning critical path management and risk mitigation 
approaches.

Educational objectives:

• to understand the timelines and costs involved in developing and registering a new 
demand-led variety;

• to have a clear understanding about critical paths and approaches to risk reduction;
• to develop risk mitigation strategies; and
• to understand the costs and rewards associated with risks.

Key messages

• Good project planning ability is a critical skill required by demand-led breeders.
• The duration of each activity requires careful evaluation.
• Data and precedents are used to make decisions.
• Critical path analysis is used to find creative ways to include demand-led testing and con-

sultation requirements without extending timelines and, preferably, by shortening time-
scales.

• Analysing and preventing risks by anticipating potential problems and introducing critical 
control points and standard operating procedures (SOPs) is time well spent.

Key questions

• How long does it take to design, create and register a new crop variety in your country?
• What are the principles and procedures of critical path analysis and risk mitigation?
• What is the critical path and shortest route to follow in your breeding programme?
• How can you reduce the timelines?
• What are the key risks that can disrupt your programme and lengthen the timelines (e.g. 

natural weather occurrences, incorrect understanding of the market)?
• What options do you have to reduce such risks (e.g. remnant seeds)?
• How costly and/or rewarding are the risks (e.g. time, risk management)?
• What risks are you prepared to take?
• What is critical control point analysis (CCP) and how can it help to reduce risk?
• What is a SOP and how can it help to reduce risk?
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agronomic traits, processing traits and/or productivity traits. At each stage and 
for every activity there are certain skills that are required. If such skills are not 
available in the home research institution, partnering or outsourcing may be 
the solution. So it must be clear during the stage plan when certain skills will 
be required and from where they will be sourced. The timing of activities must 
be carefully planned, as some must be done sequentially, because they are de-
pendent on each other.

For example, conducting multilocation yield performance trials is done 
after making selections of the best lines from the segregating populations. Other 
activities may be able to be done concurrently. For instance, activities such as 
conducting DUS and VCU tests, could in some countries be done alongside 
the national performance trials (NPTs), which are conducted to establish the 
performance of the varieties across different production environments. If it is 
possible, conducting two evaluation cycles a year shortens the time for var-
iety development. Conducting some activities concurrently can also reduce the 
timelines and assist rapid delivery of the varieties. Trait evaluation with partners 
for the demand-led traits can start as early as at F3, depending on the type of 
trait. However, for some traits (such as canning quality for baked beans), the 
evaluation must be done much later on fixed lines because the industry re-
quires a larger volume of grain sample to test for this quality.

A variety development project activity plan is illustrated in Box 5.5. This 
is an example of the activities that are necessary at various stages of a variety 
development plan, including the trait evaluations to be conducted, when, how 
and by whom. The activity plan refers to activities to be led by the breeder after 
the variety product profile has been decided, and the traits of interest have 
been identified in lead germplasm for use in the breeding programme of a self- 
pollinated crop. Other examples of project activity plans suitable for crops that 
are cross pollinated, are hybrids or are vegetatively propagated, are presented 
by Shimelis and Laing (2012).

Critical paths

The critical path is the shortest route to complete the full list of the activ-
ities from the start of the variety development project to its completion. 
Understanding and using critical path analysis and risk mitigation planning is 
especially important in demand-led breeding programmes. These approaches 
can prevent timelines extending or delays occurring as a result of various fac-
tors, including greater consultation requirements and the involvement of clients 
and stakeholders.

To determine the critical path for a breeding project plan, all of the re-
search, logistics, consultation and information gathering activities need to be 
listed. The procedure is then as follows:

• Create a start and finish date for each activity.
• Indicate the person responsible for each activity and that they agree with 

the time required.
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• Estimate how long each activity will take.
• Include error bars if unsure of the duration of an activity.
• Identify which activities are dependent on other activities before they can 

start or for them to be completed. These are called ‘dependencies’.
• Map the activities, their time bars and their dependencies into a project 

plan. This can be done on to a spreadsheet or other chart or, preferably, 
using a project planning tool.

• Best practice is when each member of the project team provides their list 
of activities and the lead breeder combines all of these activities into a con-
solidated project plan, with all of the dependencies highlighted.

This activity time plan can then be used to plot the shortest route (or routes) 
from the start to completion of the project. This is termed the ‘critical path’. 
There may be more than one path and the path may evolve as activities are 
completed. At the planning stage, it may emerge that not all activities need to 
start at the beginning of the project. Deciding whether to do particular research 
elements, either (i) ‘just in time’ or (ii) earlier to reduce any risk of unexpected 
results or overruns, is an important part of the planning process. In the former 
case, the activity will be on the critical path, with all its inherent risks, while in 
the latter case, it will not be.

Dependencies

Dependencies arise when particular activities of the variety development 
cannot be started or completed without additional information, equipment 
or results becoming available and/or without another activity first being com-
pleted. Often, this introduces a need for researchers to communicate and col-
laborate with each other, so that the work plan runs smoothly without gaps 
that lead to delays. Dependencies have risks attached to them. Reviewing the 
project plan with its critical path, the dependencies and the risks involved is a 
good way for research collaborators to understand the total research project, 
solve problems together and realise the benefits of teamwork.

A critical path analysis with risk dependencies is illustrated in Fig. 5.4, 
as a theoretical example. A practical example of a critical path is the devel-
opment of new sugar bean varieties in Zimbabwe that are drought tolerant, 
micronutrient dense and have resistance to two diseases, angular leaf spot 
(ALS) and bean common mosaic virus (BCMV). The timeline starts with the 
initiation of the crosses among the parental lines, advancing the segregation 
populations and making selections among segregating populations and fixed 
lines, based on set criteria: (i) on grain type – large seeded (40–45 g/100 
seeds); (ii) disease resistant (to ALS and BCMV); (iii) drought tolerant; and 
(iv) meeting the clients’ demand for high micronutrient content (Fe > 90 ppm 
and Zn > 40 ppm). The advanced lines are evaluated in multilocation trials 
on-station and on-farm, including DUS and VCU, to generate sufficient data 
for variety release. The variety is then presented to the VRC for approval and 
registration.
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This example is summarized in Fig. 5.5, where the activities are listed 
(numbered) from 1 to 9 and their timelines are drawn across the timescale 
(10 years). The critical path is highlighted by a red line, which flows from the 
start to the end points (Fig. 5.5).

The dependent activities (i.e. activities that can only start after other activ-
ities are completed) are identified by balloons; they include:

• Activity 2, which starts after the completion of Activity 1;
• Activity 3, which starts after the completion of Activity 2;
• Activity 4, which starts after the completion of Activity 3;
• Activity 5, which starts after the completion of Activity 4;
• Activity 8, which starts after the completion of Activities 5, 6 and 7; and
• Activity 9 after completion of Activity 8.

Risk Management

There are many problems that can occur during varietal development which 
can cause delays and, in the worst case scenario, non-delivery. These range 
from intractable technical and scientific problems, to equipment breakdowns, 
lack of availability of skilled personnel and funding problems, all of which 
can affect the critical path to delivery. Also, some scientific activities, by their 
innovative nature, may provide unexpected results. Where the outcomes of 
experiments are uncertain and they may require repeating, then it is advisable 
to schedule them earlier in the plan and not ‘just in’ time. Risk can also be 
reduced by using parallel approaches to increase the chances of a successful 
output, if resources permit.

New variety breeding programmeActivity

Critical path
Dependency
risk

Activity 1

Activity 6

Activity 7

Activity 8

Activity 9

Activity 10

Activity 3

Activity 4

Activity 5

Activity 2

10+987654321Years

Fig. 5.4. Critical path analysis and risk dependencies: a theoretical example. 
 Provided by V.M. Anthony.
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Activity Time frame (years)

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

1. Make crosses (parent A sugar bean) × (parent B – drought resistant and high
Zn);  (parent C – ALS resistant) × (parent D – BCMV resistant and high Fe) to
obtain F1 seeds for single and double crosses – in the greenhouse – by the
breeder

2. Plant the 4-way F1 seeds in the field under controlled conditions to
generate as much seed as possible at the F2 generation under rainfed
conditions and generate F3s under irrigation – by the breeder

3. Plant F3s in a targeted environment for ALS and BCMV resistance screening
and select plants with desirable target traits to produce F4 seeds, and plant
the F4s under irrigation to obtain F5 seeds – by the breeder and collaborating
partners or stakeholders, depending on the traits of interest

4. Evaluate F5 lines in a single row nursery, and select the best lines for grain
type and yield, but also for ALS and BCMV resistance, while increasing seed
for the next season; plant F6s to screen under drought, but also to generate F7
seeds – sample some plants from promising rows and harvest the seeds
separately for mineral content analysis – by the breeder and collaborating
partners or stakeholders, depending on the traits of interest

5. Evaluate selected fixed lines from drought screening in multilocation
variety trials (PVT for one season, IVT for one season and AVT for two
seasons) and select the best lines for yield, disease resistance and grain type –
by the breeder and collaborating partners or stakeholders, depending on the
traits of interest

6. Conduct on-farm trials with stakeholders to capture clients’ preferences

7. Confirm the Fe and Zn content in selected bean lines

8. Conduct distinctiveness, uniformity and stability (DUS) and value for
cultivation and use (VCU) tests – by the designated DUS testing unit

9. Submit to the variety release committee (VRC) for variety release and
registration – by the breeder and VRC

Fig. 5.5. Timeline and critical path for developing a new drought-tolerant and micronutrient-dense sugar bean variety with resistance to dis-
eases in Zimbabwe. Key: ALS, angular leaf spot; AVT, advanced variety trials; BCMV, bean common mosaic virus; IVT, initial variety trials; PVT, 
preliminary variety trials. The blue balloons indicate dependent activities, i.e. those that can only start after other activities are completed.
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Risk identification and mitigation

Best practice in demand-led new variety development programmes uses an ap-
proach called ‘critical control point analysis’ (CCP) as a method to reduce risks. 
This procedure involves systematically scrutinizing all of the activities required 
for progression through the stage plan, and places particular emphasis on ac-
tivities on the critical path.

Each person responsible for delivering part of the project plan identi-
fies activities, handovers to another group, and materials or procedures that 
could potentially introduce delays or mistakes, or result in the finished var-
iety not meeting the product profile and specification. This is done using les-
sons learned from previous experiences and anticipating potential problems. 
Examples of risks include issues during transnational transport of germplasm, 
occurrence of adventitious presence (i.e. the unintentional and incidental com-
mingling of trace amounts of one type of germplasm with another), computer 
breakdowns, loss of field trials, etc. Once these risks have been identified, a 
critical control point should be introduced at which the problem can be pre-
vented or minimized.

SOPs are a good way to prevent errors occurring at a critical control point 
and to set standards. A SOP is ‘an established, written method that describes 
how routinely to perform a given task successfully’. Case studies on the use of 
critical control points and SOPs in Africa are given in Johnson et al. (2011). 
While most SOPs are likely to be already in place for routine breeding, some 
others may need to be created within a demand-led programme; e.g. creating 
and running bioassay experiments to evaluate a facet of the required variety, 
or the importation of special equipment or germplasm. Even for those tasks 
that are done routinely, many may be part of the daily activity but are not well 
documented. As a consequence, the performance of the same procedure by 
two different people may differ and that performance may change over time 
without this being noticed. It is, therefore, important that key procedures re-
lating to demand-led traits are explicitly articulated in written instructions, in 
an SOP. SOPs are usually written by the person (or persons) that conduct the 
activity and should be approved and reviewed at regular intervals by the re-
sponsible supervisor.

Risk quantification

Creating a comprehensive list of potential problems, quantifying each risk and 
ranking (colour coding) its importance can provide rapid assimilation of the 
collective impact of the individual risks encountered during new variety devel-
opment. This numerical and visual approach to communicating project risks 
can help to avoid misunderstandings in interpretation and aids priority setting 
for the creation of critical control points and risk mitigation actions.

Table 5.2 shows a format that can be used to help think through, assess and 
communicate risks in demand-led plant breeding projects. Once individual 
risks in a project have been identified, it is worth remembering that under 
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‘probability theory’, mathematically you multiply – rather than add – individual 
chances of success to look at the combined effect of all the risks. So, if there are 
three major risks with impact, the combined effect is much greater than it may 
appear. This may affect the next decision and course of action, and it shows the 
importance of quantifying risks wherever possible.

For example, for the risks in Table 5.2, the combined risk effect is calcu-
lated as follows:

Risk 1. Very high impact ® 20% probability.
Risk 2. High impact ® 50% probability.
Risk 3. Moderate impact ® 60% probability.
Total chance of success. 0.8 × 0.5 × 0.4 = 0.16 or only 16%!

Variety Registration (Box 5.7)

It is important that a breeder understands the variety registration requirements, 
as these will determine whether the variety will be registered or rejected, 
based on meeting the required standards and procedures. The required pro-
cesses have a set timeline and that should prepare and guide the breeder to 
know when the variety is likely to be made available for farmers’ use. The 
requirements to register a new variety and how long it takes to meet the set 
procedures vary from one country to another. The breeder must understand 
the regulatory requirements in each country where the variety is expected to 
be registered.

The regulatory testing requirements and performance criteria for varietal 
registration of a specific crop are described below, using maize as an ex-
ample. This is based on a study conducted by Setimela et al. (2009), for the 
International Agricultural Research Centre for Maize and Wheat (CIMMYT). 
This study showed that, in many maize-growing countries in sub-Saharan 
Africa (Angola, Benin, Ethiopia, Ghana, Kenya, Malawi, Mali, Mozambique, 
Nigeria, Tanzania, Uganda, Zambia and Zimbabwe), the registration process 
requires that after the breeder has conducted trials to identify some promising 
hybrids or varieties that perform better than the local check variety in one or 

Table 5.2. Summary assessment of breeding project risks.

Identified risk
Person 
responsible Impact Likelihood Risk reduction action

Adventitious 
presence of genetic 
modification (GM) in 
crop germplasm

Molecular  
breeder

Very high 20% Passport documentation from 
germplasm supplier

PCR/molecular checks for all 
GM traits at set points in the 
stage plan

Delayed recruitment 
of staff

Plant breeder High 50% Organize back-up contractor/
more funds in the budget

Lost shipment of seed 
samples

Seed bank 
manager

Moderate 60% Send seed in two lots, via 
specialist shipment company
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more traits, that the new varieties must go through tests for DUS and VCU 
 before registration.

The registration process establishes legal ownership of the new variety, ac-
cording to the seed act of a country. The DUS and the VCU tests can take be-
tween 1 and 3 years before sufficient data are available for variety registration, 
depending on the country requirements. This period is additional to the time it 
takes the breeder from the stage of generating crosses to the identification of 
promising varieties out of the AYT or NPT, which can take up to 10 years or more, 
depending on the number of seasons in a year and the country’s regulations.

In each country, a National Variety Release Committee (NVRC) makes a 
decision to release or to reject a new variety based on the data compiled in 
the varietal release proposal. In some countries, there is no fee for registering a 

Box 5.7. Variety registration: educational objectives. 

Purpose: to develop a clear understanding of the variety registration requirements and the 
time taken to register a new variety in a specified country or region.

Educational objectives:

• to define registration requirements and time to registration for a new improved variety for 
a crop in a target country or region; and

• to develop a plan to ensure that all registration requirements are met and to know how to 
engage professionally with variety registration officials.

Key messages

• A breeder must understand the time it takes to fully meet the requirements for legally re-
leasing and registering a variety.

• Breeders need to engage early with registration authorities and work with them to achieve 
registration as early as possible, especially when breeding for new consumer traits that 
may require new demand-led variety release procedures.

• Breeders should work closely with key government officials, and where possible to sensi-
tize them to the need for new varieties that have traits that respond to market demands – 
and by so doing, solicit their support for new demand-led varieties so that they advocate 
their use.

• Where possible, a group of countries can harmonize variety registration regulations to cut 
costs in registering varieties that can be used by clients across borders. One good ex-
ample is the harmonized seed regulations for the southern African countries (Zulu and 
Goldschagg, 2008).

Key questions

• What are the regulatory testing requirements and performance criteria for varietal  registration 
for a crop in a particular country and/or region?

• What is the variety release and registration process in a particular country and/or region?
• How long does the registration process take?
• How can one help to speed up the registration process?
• Are there registration costs?
• How will consumer traits that are not recognized by the existing regulatory system be 

 registered?
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new variety, but other countries require a fee for the NPT and DUS tests. Each 
country has its own seed act that determines the variety release regulations, and 
there is a lot of variability and inconsistency of seed laws across the countries 
of Africa. This makes it costly for seed companies to release and market new 
varieties in several different countries, as each variety must be tested every time 
it is to be marketed in another country, even if it is adapted to a wide range 
of agroecologies that cut across borders. One way to cut such costs is to har-
monize variety registration regulations across countries, where possible.

The regulations on variety testing and release of maize varieties are vari-
able and inconsistent among 13 countries in sub-Saharan Africa. Setimela et al. 
(2009) have suggested that one way to reduce the time it takes to release a new 
maize variety would be to run the DUS test concurrently with the AYT or NPT, 
as DUS tests are not affected by the different agroecologies.

Ideally, the release is based on the merit and uniqueness of the variety. As 
such, the uniqueness of a variety that addresses demand-led traits would be 
considered sufficient to distinguish a variety from others and that would give it 
merit for release.

When using demand-led breeding approaches, an issue that requires 
careful consideration and clarification with national registration authorities is 
a core requirement for yield improvement. Many VRCs, by following govern-
ment policies of promoting the agricultural production of staple food crops, 
will only approve new varieties if they demonstrate yield improvements over 
existing benchmark varieties. For consumer-based traits, concurrent yield im-
provements may not be achievable. The need for yield gain must be clarified 
at the variety design stage and, if possible, buy-in achieved with the pertinent 
authorities to ensure that registration will be achievable.

Case study on new maize varieties

The previously mentioned case study by Setimela et al. (2009) on drought- 
 tolerant maize for Africa (DTMA) provides insights into the importance of 
understanding the country requirements for registering new maize varieties in 
a number of countries in sub-Saharan Africa. It defines the time it takes to re-
lease elite maize varieties and summarizes the variety release requirements and 
procedures in various countries. It also identifies the constraints hampering the 
release of elite maize varieties to smallholder farmers and proposes strategies 
to hasten the process to release new varieties.

Learning Methods (Box 5.8)

Before this chapter concludes, a summary is provided in Box 5.8 of learning 
methods – together with assignments and assessment methods – for use with the 
main topics that have been covered in the chapter: New Variety Development 
Strategy; Development Stage Plan; Critical Path Analysis and Risk Management; 
and Variety Registration.
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Box 5.8. Learning methods, assignments and assessment methods.

New Variety Development Strategy

Learning method

• Presentation on the core elements and creation of a demand-led new variety development 
strategy, as a planning tool and communications document.

• Group discussions on what a strategy should contain and why each component matters 
in a demand-led breeding programme.

• Group discussion on understanding the differences between creating a demand-led strat-
egy and a demand-led development stage plan.

Assignment

• Each participant should prepare a development strategy and planning document for a 
variety/group of varieties in their own breeding programme.

• For ongoing breeding programmes, where no strategy exists, it may be appropriate to 
create a strategy document that includes options for consideration by the programme’s 
management.

Assessment

• Assessment of the assignment.
• Exam questions in which the participant demonstrates a clear understanding of all of the 

elements required to create a demand-led development strategy, why they are important, 
and the differences between a development strategy, a stage plan and a development 
activity plan.

Variety Development Stage Plan

Learning method

• Presentation that shows the key elements of a stage plan and why it is important for a 
successful breeding programme, together with some practical examples.

• Group discussions, where participants share knowledge and experiences on the import-
ance of a stage plan and risk management therein.

Assignment

• Each participant to create a stage plan for their breeding project, which includes: all of 
the variety development activities required and mapping each activity on to the stage 
plan; the key decision points/stage gates and the information and results needed to 
make a line progression from one stage to the next. Also, determine which experts/man-
agers within the breeding project/organization should form the governance group re-
sponsible for taking the decision to progress a lead genotype(s) from each stage to the 
next. This group of responsible individuals may be different for each stage gate progres-
sion decision.

Assessment

• Assessment of the stage plan assignment.
• Exam questions on the key principles of a stage plan and how to create one.

Continued
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Resource Materials

Slide sets are available for this chapter as part of Appendix 3 of the open- 
resource e-learning material for the volume. These summarize the chapter con-
tents and provide further information. The e-learning material is available at 
http://www.cabi.org/openresources/93814 and also on a USB stick that is in-
cluded with this volume.
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Critical Path Analysis and Risk Management

Learning method

• Presentation on programme planning and critical path analysis.
• Presentation on risk management and use of standard operating procedures (SOPs).

Assignment

• Create an activity plan for your breeding programme/project, with timelines. Describe the crit-
ical path and the risk mitigation actions that should be in place during the programme/project.

Assessment

• Assessment of the assignment on the project activity plan and critical path analysis.
• Exam questions on the key principles of creating a project plan and critical path and its 

risk mitigation measures.

Variety Registration

Learning method

• Presentation on variety registration process and timelines.
• Group discussion on a new variety release with consumer-based traits.
• Visit to a national variety registration unit, with presentations to the group by regulatory 

officials on their registration requirements.

Assignment

• Define the variety release requirements, timelines and costs for a new variety design.
• Visit a member of the variety release committee (VRC) and discuss the breeding goals of 

your programme and the learning points to take into consideration in new variety design.

Assessment

• Assessment of the variety registration assignment.
• Exam questions on the key principles of variety registration and release and why it is 

 important to engage with registration officials on the release of new varieties with consumer- 
based traits.
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Executive Summary and Key Messages

Objectives

1. To enable breeders to carry out performance benchmarking for their 
demand-led breeding programmes by devising a realistic performance as-
sessment plan that: (i) is incorporated into strategies and stage plans for 
new variety design and engages with clients and stakeholders across the 
value chain; and (ii) develops key performance indicators tailored for new 
variety development and delivery of the breeding programme’s goals and 
objectives.
2. To enable breeders to: (i) appreciate the importance of variety adoption assess-
ment and performance tracking in demand-led breeding; (ii) design pathways for 
monitoring progress with value chain clients, with defined responsibilities for the 
various actors; and (iii) explore the use of improved, low-cost methods for variety 
tracking to monitor the adoption of new varieties.

The aim of the chapter is to enable breeders to design, integrate and implement 
plans that demonstrate best practices in monitoring, evaluation and learning 
(M&E&L) in their demand-led breeding programmes, including setting targets 
based on key performance indicators (KPIs).

The chapter encourages breeders to reflect on what they consider success 
to look like, both in terms of their demand-led breeding programme and their 
own professional performance. It focuses on the core principles of demand-led 
variety design and the best practices for monitoring, evaluation and learning, 
involving clients in the demand-led process and in the setting of KPIs. It covers 
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the importance, challenges and methods of the post-release monitoring of 
adoption of new varieties by farmers and value chain clients.

How does demand-led variety design add value to current breeding practices?

• M&E&L is an important component for success and continuous improve-
ment in demand-led breeding programmes.

• Demand-led M&E&L is designed to support the achievement of set per-
formance targets rather than being driven by breeding activity. It is created 
at the new variety design concept stage and is an integral part of the devel-
opment strategy for delivering new and improved crop varieties.

• Demand-led principles and excellent project management form the basis 
of demand-led M&E&L, and it should be possible to readily incorporate 
them into existing institutional M&E&L frameworks.

• KPIs of success in demand-led breeding include metrics on: (i) the per-
formance of new varieties; (ii) client satisfaction; (iii) the use of new 
 varieties by farmers and their value chains; and (iv) the numbers of new 
varieties registered.

Implications for role of the plant breeder
• Breeders need to reflect on their own personal goals and support profes-

sional performance measurements that include metrics on product use and 
the performance of new varieties after registration and release.

• They also need to build identity recognition systems into their varieties so 
that simple, low-cost and, ideally, in situ identification can be done to en-
able variety adoption monitoring.

• Greater engagement and involvement of clients at key decision points in 
the variety stage plan will help to ensure demand and uptake on the release 
of new varieties.

Key messages for plant breeders

Performance benchmarking
• Monitoring and evaluation. To be successful, demand-led breeding pro-

jects require the implementation of best practices in project management, 
including planning and M&E&L from the new variety design and project 
initiation stage through to variety release, the widespread use of the variety 
and its eventual discontinuation.

• Demand-led strategy and stage plan. The strategy and stage plan for each 
new variety design provides the framework, targets, plan and assumptions 
for all M&E&L activities. Specifically, the stage gates provide the review 
points for evaluation and learning.

• Clients and stakeholders. Engaging key clients in the value chain in the 
formation of the development strategy and the monitoring and evaluation 
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process is essential. Specifically, for most new variety development pro-
jects, the main clients should be consulted and involved in key decisions 
at the following stage gates: (i) the decision to invest in the new plant 
breeding project; (ii) choice of the lead lines to be developed and scaled 
up; and (iii) new variety release. This will increase ownership of new var-
ieties and ensure longevity of demand.

• Key performance indicators. Specific tailored KPIs should be included in 
the development strategy that supports and encourages the delivery of 
demand-led plant breeding goals and objectives. Institutional and breeder 
performance measures may vary and any conflict of interests should be 
resolved at an early stage with the institutions’ research leadership and 
management.

Variety adoption and performance tracking
• Rationale and benefits. Breeders need to understand the significance of 

variety adoption assessment and its links to the breeding programme.
• Responsibility and funding. They need to be clear on how adoption will be 

assessed after varietal release, who is responsible for tracking adoption and 
whether the breeding programme will require additional funding to enable 
post-release tracking.

• Methods and technology. The use of phenotypic markers or of low-cost, 
modern molecular technology should be considered to enable more effect-
ive tracking of new varieties after release.

Key messages for research and development (R&D) leaders, government 
officials and investors

Performance benchmarking
• Development strategy and stage plan. R&D leaders, managers, officials 

and investors should encourage and work with breeders to create realistic 
designs, targets and performance measures, and ensure that these are in-
cluded in the development strategy, project plan and decision-making pro-
cess for each new variety.

• Lessons learned. R&D leaders, managers and investors should make time 
for, value highly and share lessons learned within their institutions about 
how to improve demand-led breeding approaches.

• Performance frameworks. R&D leaders and managers should support their 
staff and find the best ways to integrate the core principles of demand-led 
performance indicators into their existing performance management frame-
works and reporting processes.

Variety adoption and performance tracking
• Variety adoption tracking. Government officials and investors should sup-

port variety adoption tracking with finance, resources, best practices, trans-
parency and encouragement to plant breeders and their clients in the value 
chain, as a means to improve future performance.
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Introduction

The objectives of this chapter are:

1. To enable breeders to carry out performance benchmarking for their 
demand-led breeding programmes by devising a realistic performance assess-
ment plan that: (i) is incorporated into strategies and stage plans for new variety 
design and engages with clients and stakeholders across the value chain; and 
(ii) develops key performance indicators tailored for new variety development 
and delivery of the breeding programme’s goals and objectives.
2. To enable breeders to: (i) appreciate the importance of variety adoption as-
sessment and performance tracking in demand-led breeding; (ii) design path-
ways for monitoring progress with value chain clients, with defined responsibilities 
for the various actors; and (iii) explore the use of improved, low-cost methods 
for variety tracking to monitor the adoption of new varieties.

The aim of the chapter is to enable breeders to design, integrate and im-
plement plans that demonstrate best practices in monitoring, evaluation and 
learning (M&E&L) in their demand-led breeding programmes, including setting 
targets based on key performance indicators (KPIs). The chapter also aims to act 
as a resource for education in this field. For this purpose, boxes are included in 
several sections of the chapter that summarize their educational objectives and 
present the key messages and questions that are involved. There is also a final 
box at the end of the chapter that summarizes the overall learning objectives.

The chapter encourages breeders to reflect on what they consider suc-
cess should look like, in terms of both their demand-led breeding programme 
and their own professional performance. It focuses on the core principles of 
demand-led variety design and the best practices in M&E&L, involving clients 
in the demand-led process and in setting KPIs. It specifically covers the im-
portance of, challenges in and methods for the post-release monitoring of the 
adoption of new varieties by farmers and value chain clients.

Performance Benchmarking (Boxes 6.1 and 6.2)

Definition of terms

There is a series of terms that are commonly used within the plant science 
R&D and breeding communities in both the public and private sectors, which 
are used also within M&E&L frameworks. Definitions of these commonly used 
terms, and examples of their use, are given below. These definitions are advo-
cated for use within demand-led breeding projects.

Breeding programme
A breeding programme is ‘The combination of all the activities required to 
create a portfolio of new varieties that serve farmers in different market seg-
ments and their value chains’. It comprises the design and delivery of a col-
lection of new varieties for a set period of time. Some of the varieties in the 
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Box 6.1. Example of a breeding goal and its two related breeding objectives for bean 
breeding.

Breeding goal: to create high yielding cultivars with the quality characteristics sought by 
bean canning factories, thereby improving livelihoods of smallholder farmers and enabling 
them to enter new markets.

Breeding objectives:

• to define and deliver the optimum combination of specific traits and quantitative levels 
required to meet the quality and taste characteristics required by canners and consumers, 
so that canning businesses actively seek these varieties to be grown by smallholder farm-
ers; and

• to progress lead lines that perform to the standards required for both farmers and canners, 
by conducting consultative interviews with farmers and canners before the project starts, 
and analysing data from factory canning tests and field performance by farmers at appro-
priate times during the variety development stage plan.

Box 6.2. Project outcomes: examples of outcomes of the successful development of new 
varieties for various clients/market segments. 

Farmers

• Adoption of the variety by a defined set number of farmers.
• Change(s) in farmers’ agronomic practices, such as: earlier planting or harvesting; 

use of less fertilizer; and/or purchasing more seeds rather than saving their own 
seed.

• Higher yields that result in farmers choosing to sell their surplus into the local market in 
addition to growing sufficient food for home consumption.

Seed retailers

• Successful performing varieties become in demand and are stocked by more seed 
retailers.

Processors

• Processors recommend that farmers grow specific new varieties in return for guaranteed 
contract purchasing and prices.

Plant breeders

• Feedback information from farmers about the use of the new variety means that breeders 
change the design of future varieties.

• Breeders undertake increased consultation with farmers and value chain clients to under-
stand their future needs.

Public and/or private investors (national governments, international development 
agencies, seed companies)

• Successful varieties that increase farmer adoption give greater confidence in a plant 
breeding institute or programme and so more sustainable funding is assured.
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portfolio may be varieties for new market segments; they may also be varieties 
with improved characteristics over those that have been previously released by 
the breeding programme and are already in use by farmers.

Breeding project
A breeding project is ‘The means for creating a new variety to serve the needs 
of farmers, their markets and value chains’. A project contains the collection of 
well-sequenced activities (or tasks) in the breeding stage plan. Each activity has a 
clearly defined objective and duration, and requires the use of inputs such as time, 
money and human resources to generate an output that satisfies the requirements 
of the client. Activities may be conducted by breeders and their teams, or by other 
scientists in their home institutions; they may also be conducted in partnership with 
farmers, clients, value chain actors and/or other public and private sector organiza-
tions. A breeding project has a start and a finish, as shown in the demand-led stage 
plan diagram illustrated in Fig. 6.1 (see also Chapter 5, this volume).

Breeding goal
A breeding goal is ‘The overarching aim that guides decision making within the 
breeding project’.

Breeding objectives
Each breeding goal has a number of specific ‘breeding objectives’ that are: 
‘the measurable steps that can be undertaken to deliver the goal’. The quality 
and effectiveness of demand-led ‘objectives’ can be improved by ensuring they 
have the following SMART characteristics (Wikipedia, 2015), that they are:

• Specific. They target specific aspects or combinations of traits that are re-
quired for improvement by clients or by the value chain.

• Measurable. They can be quantified or at least have an indicator of per-
formance.

• Achievable. They can be delivered within the given knowledge, resources 
and enabling environment.

• Relevant. They must relate closely and support the overall goal of the project.
• Time related. They are appropriate for the timescales possible and it can be 

specified when results will be available.

An example of a demand-led breeding goal and its two breeding objectives is 
given in Box 6.1.

Key performance indicator
A key performance indicator (KPI) is a ‘descriptor or metric that can be meas-
ured to provide a quantitative assessment of the performance of the core com-
ponents of the project, such as efficiency and effectiveness of operational 
delivery, and project outputs, outcomes and impact’.

Project outputs
Project outputs are ‘The product(s) that are produced during a demand-led 
breeding project’. The core output will be the new variety that is designed, 
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Fig. 6.1. A demand-led breeding stage plan. Modified version of a Syngenta Seeds stage plan provided by Syngenta.
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 developed and released during the project and will be used by clients. 
Additional outputs include: (i) promotional materials that are used to create 
client awareness of the benefits and use(s) of the new variety; (ii) diagnostic 
tools to identify the variety when it is grown in farmers’ fields and so support 
adoption monitoring of that variety; and/or (iii) documented learning in the 
form of stories of success and failure in the design, development, release and 
adoption of new varieties, which can be used as case studies for postgraduate 
education and professional development programmes for plant breeders.

Project outcome
The project outcome is ‘The changes in behaviour or events that take place as a 
result of the new variety having been designed, developed, released and made 
available to clients’. Outcomes can include the effects of project outputs on a 
range of different clients and stakeholders in the R&D system, market and value 
chain. Some illustrative outcomes are shown in Box 6.2.

Project impact
The project impact is the ‘The economic and social benefits that accrue to 
farmers, their communities and their crop value chains as a result of using the 
new variety (or varieties) created during a plant breeding project’. The actual 
impact is measured some years after completion of the breeding project, by 
means of ex post impact assessment studies. Impact assessment helps to track 
the long-term impact and wide-ranging changes that a breeding project brings 
about to deliver benefits to its clients. Impact assessment focuses on changes 
beyond those visible or achieved during the lifetime of most breeding projects.

Other, ex ante impact assessment studies may be conducted earlier, either 
before or during a breeding project, to predict the likely impact of new varieties 
on the target clients. Ex ante studies can be helpful in making the business case 
for investment in a new breeding project. Ex ante impact studies may be used 
also to assess the effectiveness of R&D interventions, and investors may use them 
to assess the likely benefits accruing from their investments in breeding projects.

Demand-led breeding is target and investment/return driven and so assump-
tions on predetermined benefits are set at the beginning of the project and evalu-
ated throughout the development plan, and after varietal release and adoption of 
the new variety, so as to progressively monitor achievements and likely benefits.

Target
A target is ‘A quantitative expression of the desired result of the breeding pro-
ject. It is usually a numeric result(s) and can describe an output or an outcome, 
and be a key performance indicator’.

Variety branding
Variety branding is ‘A name, term, design, symbol or other feature that dis-
tinguishes one institution’s/company’s/individual breeder’s variety from those 
of others’. It occurs during the pre-commercialization stage and before full 
 commercialization. The aim of variety branding is to distinguish the variety 
from others by highlighting the unique characteristics/features of that particular 
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variety. A description of these unique characteristics usually appears on the 
seed packages used to market the variety and/or may be printed on flyers/pos-
ters and other marketing and communication tools.

An understanding of variety branding is becoming more important for 
breeders as a means of ensuring variety protection. The complexity in nomen-
clature, the ease of propagation and the numerous levels of distribution and 
promotion of new crop varieties necessitate protection. The breeding and com-
mercialization of new crop varieties is an important economic activity for research 
institute(s), breeder(s) and seed company(ies), and for the food and agricultural 
sector of society. So protection for new varieties through branding ensures that 
companies, public institutions and independent breeders receive returns on their 
investments of time and money, and so can justify their involvement in the re-
search and development of new plant varieties. Branding also enables breeders 
to be recognized for their skills and makes breeding a valued profession. An ex-
ample of a variety brand for the bean variety JESCA is shown in Fig. 6.2. In this 

IMPROVED BEAN VARIETY JESCA

Characteristics
• •

•
•
•
•
•
•

•
•
•

Benefits
Thrives well in low and medium altitudes
Matures early (70–82 days)
Yield levels  (8–10 bags/acre)
Cooking time (40–48 minutes)

High yielding
Highly marketable at prime prices
Disease resistant – increases farmers’ incomes
Ensures food security (leaves and grains)
Improves soil fertility
Crop residues can be used as livestock feed
Can be intercropped with other crops, such as maize

FOR HIGHER YIELDS OBSERVE GOOD AGRICULTURAL PRACTICES

Use good quality seed
Apply fertilizer
Weed at the right time

Prepare the field well
Do not burn the crop residues
Plant early at a spacing of 50 cm × 20 cm

•
•
•

•
•
•

Fig. 6.2. An example of variety branding for a new bean variety, JESCA, by the  
Agricultural Seed Agency (ASA) of Tanzania.
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example, the Agricultural Seed Agency (ASA), a Tanzanian producer and supplier 
of high-quality agricultural seeds that are available to farmers at affordable prices, 
has the exclusive right to market the new variety.

Principles and Best Practices in Demand-Led Breeding

Superlative plant breeding programmes comprise a portfolio of breeding pro-
jects, each with clear goals, specific objectives, outputs, outcomes and impacts. 
They drive the creation of new varieties and form the framework for moni-
toring, evaluation, impact assessment and learning. There are three principles 
that are required for success in demand-led breeding: a target-driven approach, 
a demand-led variety development strategy and performance indicators.

Target-driven approach

Demand-led breeding is target driven and this approach is embedded deeply 
throughout the breeding project/programme and the accompanying moni-
toring, evaluation and learning processes. Great emphasis is placed on quanti-
tative goal and target setting in order to enable improved varieties to reach the 
clients they are designed for and to fulfil client expectations.

Best practices in demand-led breeding
This target-driven approach is exemplified by the following best practices in 
demand-led breeding:

• Variety design. A detailed list of traits with quantified levels of performance 
is defined and compared with the traits of the existing varieties for line pro-
gression to take place.

• Client quantification. Numbers of farmers, their location, market seg-
ments and targeted clients in value chains are quantified at the outset of 
the project.

• Variety adoption. Adoption levels by farmers are set and monitored for 
success. Variety registration is an important part of the process to enable 
farmers to access a new variety.

• Development stage plan. A time plan of activities to generate the data re-
quired to make line progression decisions is created before the start of the 
breeding project. The timing of inputs by clients and managers towards the 
making of these decisions is determined as part of the stage plan and deci-
sion points (see Fig. 6.1).

Demand-led variety development strategy

A demand-led variety development strategy is designed for each new variety 
and includes all of the components of ‘what’, ‘why’, ‘who’, ‘when’ and ‘how’. 
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The strategy contains a stage plan for line progression decisions, together with 
a set of development activities and an investment plan for delivery. Monitoring 
and evaluation (M&E) is an integral part of the project delivery plan, and a set 
of KPIs is included in the strategy to provide targets for evaluation. This strategy 
and its components are used as the baseline for all M&E work.

The quality of the strategy is determined by: (i) visioning and foresight 
about market opportunities and client demand; (ii) engagement with clients to 
seek their feedback at key decision points in the stage plan, from new variety 
design through to post-release variety impact evaluation; (iii) ensuring policy 
coherence and alignment with the country’s national priorities and the enab-
ling policy environment; (iv) realism on the cost, benefits and appropriateness 
of investment in the breeding programme; and (v) well-designed, technically 
feasible operational plans for the creation and delivery of each new variety that 
serves clients in particular market segments and agro-ecological zones (see 
Chapters 1–5, this volume).

Performance indicators

The level of engagement and emphasis placed on the views of clients on the 
performance and use of varieties is much higher in demand-led than in con-
ventional breeding programmes. The success of a new variety and its KPIs is 
determined by the opinions, demand and use of the new variety by farmers and 
clients within the crop value chains.

Successful demand-led programmes satisfy end-user demand and are 
highly dependent on the assumptions formed during investigative research and 
collaboration with clients and stakeholders along the value chain. These as-
sumptions form the strategic pillars for M&E&L during the development, release 
and adoption of new varieties by farmers. The required engagement with clients 
and value chain stakeholders, and the creation and delivery of a variety devel-
opment strategy and stage plan, will require discussion and approval by senior 
management.

These core principles of demand-led breeding may not require a special-
ized M&E framework to be developed for demand-led breeding projects if the 
principles can be integrated into existing institutional performance manage-
ment frameworks and M&E processes.

Monitoring, Evaluation and Learning for Demand-led Breeding

M&E is a process to improve project performance and achieve results, and it is 
applicable to any breeding programme. The main reasons for including M&E 
and systematic learning and communication as a component of a demand-led 
breeding programme are:

• Delivery: to support the development and delivery of new varieties that 
meet clients’ needs, fit their design specification (variety profile), and are 
delivered on time and on budget.
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• Quality: to provide data on project progress and effectiveness; to improve 
project management and decision making; to provide data to plan future 
resource needs; and to provide data useful for policy making and advocacy.

• Accountability: to ensure accountability to clients, public and private in-
vestors, partners, value chain actors and other stakeholders.

• Learning: to provide opportunities to learn from experience in current 
breeding projects and the overall breeding programme; and to provide evi-
dence about what works and what does not, so as to inform future projects 
and the scaling up of new varieties.

Monitoring

Monitoring is a continuous observation and checking procedure that involves 
gathering information on the progress of ongoing breeding activities. It includes 
comparing the progress of activities against the milestones and timelines for de-
cisions in the breeding development stage plan and comparing the estimated 
and actual costs of the project against its associated budget.

The purposes of monitoring are: (i) to support reaching the milestones and 
targets set for the project in a timely manner; (ii) to determine whether cor-
rective action is required to solve emerging problems or any delays; and (iii) to 
identify potential improvements that need to be made to the plan.

The breeder, project leader or implementer of each activity checks whether it is 
going as planned and executes adjustments in a methodical manner. For each new 
variety design, the project leader/breeder, in conjunction with their management, 
needs to decide on who, how and when the monitoring of activities will occur, 
and the frequency of reporting on the scheduled review of all parts of the activity 
plan. This monitoring plan and reporting schedule should be included as part of 
the development strategy document that is approved by the breeder/project leader.

Evaluation

Evaluation is a systematic and objective examination of the performance of a 
breeding project and the delivery of its goals, objectives and targets. The best 
evaluations consider project performance in terms of relevance, effectiveness 
and efficiency, and whether the expected outputs, outcomes and impact have 
been or will be achieved on time and to budget.

Evaluation is an intermittent procedure that is scheduled at various times during 
the project to support delivery of the objectives and the targets, for example: at key 
milestones such as stage gates when the project moves from one phase to another; 
in response to a particularly critical issue; and, usually, at the end of the project to 
review actual delivery and the learning that can be applied to future projects.

In most demand-led breeding projects, there are four key times when crit-
ical evaluation needs to be undertaken to support investment and progression 
decisions. These key decision points are as shown in the stage plan (Fig. 6.1), 
when decisions are to be made on:
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• investment – the decision to start a new breeding project and invest in cre-
ating a specific new variety design;

• commercial candidates – decisions on which lead lines are to be devel-
oped and scaled up;

• new variety release; and
• post-launch adoption and impact assessment.

At each evaluation stage, engagement and consultation with clients, value 
chain actors and stakeholders is required: (i) to ensure that assumptions on 
demand and variety performance are reviewed and validated; and also (ii) to 
check that there is continued support from R&D management and government 
officials for continued investment. In some organizations, objective evaluation, 
especially after the completion of a project, is only considered valid if inde-
pendent, external M&E professionals conduct the review.

For each demand-led breeding project, the project leader/breeder, together 
with their teams, clients and the management, should define the key indicators 
to be measured and used used in the evaluation to assess progress in achieving 
the main outputs, outcomes and impact of the project at the levels of the indi-
vidual, household and community. Appropriate tools and procedures for moni-
toring these indicators need to be devised, each with a clear timeline.

Ultimately, a breeding project should be evaluated in terms of:

• Meeting trait performance targets. How close is the performance of 
the new variety to the original new variety design/specification targets 
set at the product profile/concept stage? The original design would 
have been determined using visioning/forecasting methods, market re-
search and inputs from clients and the value chain. More specifically, 
are the genetic improvements required for each of the traits being 
 delivered?

• Satisfying clients’ needs. Does the new variety satisfy the client’s needs and 
demand? Is it preferred to older varieties? Has it been adopted by the target 
numbers of farmers for whom it was designed?

• Impact. Does the new variety create the economic, social and environ-
mental impact at the individual, household and community level that was 
defined in the benefits case that was used to justify the investment in the 
breeding project? (Note that impact can only be assessed several years after 
variety release, in order to allow time for its adoption).

Key questions for M&E

Some key questions to consider as part of the M&E system for a demand-led 
breeding project are:

• Do you have a clear, feasible and documented new variety development 
strategy?

• Do you know who and how many clients your variety is being designed for 
and who is likely to use it once it is registered?
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• Have farmers and other clients along the value chain been consulted ad-
equately for their inputs during the new product design stage and at key 
points in the development process?

• Has demand been adequately quantified?
• How clear and deliverable are the project goal and objectives?
• Is the new variety product profile fully defined, with each trait having a 

 target performance benchmark?
• How well defined is the investment benefits case and how robust are the 

assumptions?
• Has a stage plan been created containing clear decision points for line pro-

gressions, and does it include inputs from clients and stakeholders at each 
key decision point?

• How comprehensive and integrated is the development activities plan that 
supports the stage plan?

• How feasible is the product profile and its delivery on the set timelines?
• Did the variety deliver the target performance for the clients it was de-

signed for? Were the promised genetic gains achieved?
• What are the internal and external factors that may influence project im-

plementation and delivery (e.g. technical, managerial, organizational, in-
stitutional, socio-economic and/or political risks)?

• Have all of the key risks been defined and mitigation actions included in 
the development delivery plan?

• Was a realistic budget set that was closely aligned with the breeding activ-
ities plan?

• Was the project delivered on time and on budget?
• Was variety registration achieved?
• Was seed system production, and also the route for farmers to access the 

new variety so that demand could be satisfied adequately, addressed in the 
development strategy?

• How effective were the partnerships selected for the delivery of the new 
variety?

• How well and accurately could breeders or other stakeholders identify the 
new variety during the post-release monitoring processes?

• Did farmers adopt the new variety at the levels and pace expected?
• How could greater multiplier effects and a larger scale of adoption be 

reached?
• Did the farmers and the value chains gain the social and economic benefits 

expected (as they were set in the business case to justify the investment in 
the breeding project?

• What learning experiences and recommendations came from the project 
that will inform future breeding projects?

Project performance management

Performance measurement is one of the cornerstones for success in any breeding 
project. It ensures that measures are aligned to the development strategy and 
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that the monitoring system is working effectively. There is a range of different 
methods for performance management that are suitable to use in demand-led 
breeding projects. These include:

• Quantitative key performance measures. These are numerical measures, 
gathered by using, for example, surveys with set questionnaires, and/or 
predefined data collection formats, which are useful for recording and 
comparing predetermined variables.

• Qualitative descriptions. The change is shown through description; for ex-
ample, by rapid assessment techniques, focus group discussions and/or 
semi-structured interviews.

• Participatory methods. These include visual methods such as photos, dia-
grams, maps, timelines, stories, drama, song, mapping, ranking and scor-
ing. These approaches allow the differences in people’s interests, needs and 
priorities to be recognized by insiders and outsiders, and form the basis for 
negotiation between stakeholders. They also allow people to benefit from 
analysing and asserting their own interests, and to make a meaningful con-
tribution to the way the project is designed, managed and implemented. 
Participatory methods are a way of ensuring relevance of the project and 
promoting ownership by local communities, which is essential for sustain-
ability and success in the long term.

• Most significant change (MSC). This is one of the most popular ap-
proaches that have been developed for M&E without indicators. It is a 
form of participatory M&E, based on telling stories about events that 
people think were important and why they think they were significant. 
With this approach, there is no need to explain what an indicator is or to 
learn special professional skills, so everyone can participate and the tech-
nique can be used in different cultural contexts. MSC is particularly suited 
to monitoring the project where the focus is on learning as well as on 
delivery.

• Outcome mapping. This technique focuses on changes in the behav-
iour and attitudes of people, groups and organizations that are directly 
affected by the development or release of the new variety. For example, 
outcome mapping focuses on the effect of the project on the roles and 
participation of partners from the value chain for this and future 
 projects.

Key performance indicators

The focus in designing a suitable M&E system for monitoring performance in 
demand-led breeding projects/programmes is to have rigorous, target-based 
KPIs. The M&E system should use methods that maximize quality, reliable 
and accurate feedback from clients, value chain actors and stakeholders. 
It should also include conventional scientific measures of breeding efficiency 
and effectiveness. In particular, KPIs need to be created that measure client 
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benefits, satisfaction and varietal adoption over time. Breeders need to 
define and agree the appropriate performance indicators with their teams, 
with the institutional management and with their clients, value chains and 
other stakeholders.

A successful breeding project is one that produces outputs, outcomes and 
impact. These three project components can each be affected by the efficiency 
and effectiveness of the activities and project management used for operational 
delivery. In demand-led breeding projects, KPIs are recommended to be cre-
ated and monitored for each of these three project components. Some KPIs 
are likely to be the same as those used in conventional breeding programmes, 
while others are more specific to a demand-led approach. Indicators need to be 
selected so that they provide a precise description of an objective to be meas-
ured, and are realistic, verifiable, and relevant to the clients and value chains 
that are creating demand.

Examples of indicators to measure performance of the various project com-
ponents within demand-led breeding projects are outlined below.

Output indicators
• Development strategy – indicators of quality, deliverability and manage-

ment support.
• Variety design – index or measurement scale of farmer interest, support and 

demand.
• Variety performance versus target profile – percentage technical perform-

ance, client satisfaction rating.
• Variety identification – percentage reliability/accuracy of the detection 

method.
• New variety promotion materials – measurement of quality and ease of 

understanding by extension professionals.
• Number of new varieties registered and released.

Outcome indicators
• Numbers of farmers growing the new variety.
• Area of the new variety grown (as total area and as percentage of total crop 

area in country).
• Number of farmers multiplying seed of the new variety for sale.
• Number of processors advocating use and seeking farmer production of the 

new variety.
• Number of seed retailers/organizations distributing the variety.
• Client enthusiasm to partner with plant breeders in new variety design and 

development.

Impact indicators
• Increased yield per farm area.
• Gross margin and incremental profitability of a tonne/unit area of harvested 

crop for farmers, traders and processors.
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• Economic benefit to cost ratio for all players in a value chain.
• Social benefits for women and farming communities.

Operational delivery
• Actual cost expenditures versus approved budget.
• Timelines delivered on time or within x% of expected deadlines.

Learning and communications

Learning is an important aspect of a breeding project that is often over-
looked. Learning from experience and gaining knowledge of how to more 
efficiently and effectively implement a demand-led breeding project has sig-
nificant value. This value can be described both in terms of enabling the 
continuous professional development of plant breeders and improving the 
delivery of new, demand-led varieties through investments in future breeding 
projects.

Success stories and case studies are important communication tools to share 
learning and impacts among breeders, clients, stakeholders and investors. Such 
case studies provide a medium for understanding, remembering and acting on 
knowledge gained and lessons learned. They also provide a lasting record of 
the accomplishments of the breeding team in developing new varieties that 
meet market demand and have impacts that last well beyond the completion of 
a specific breeding project.

Lessons can also be learned from less successful breeding projects, 
but this is more challenging. It requires visionary R&D leadership and 
supportive management to ensure that the evaluation of less successful 
breeding projects leads to positive outcomes – outcomes that contribute to 
the professional development of plant breeders and also guide future new 
variety designs and investments in new breeding projects towards greater 
success.

Box 6.3 outlines the educational objectives of the topics that have been 
covered in the last three main sections: Performance Benchmarking, Principles 
and Best Practices in Demand-led Breeding, and Monitoring, Evaluation and 
Learning for Demand-led Breeding.

Variety Adoption and Performance Tracking (Box 6.4)

Varietal adoption studies

Numerous studies show that the economic benefits accruing from investments 
in crop genetic improvement are large and higher than their opportunity costs 
(Echeverría, 1990; Alston et al., 2000; Evenson, 2001). Several impact assess-
ment studies have also shown that the returns from plant breeding research are 
large, positive and widely distributed, and that the gains in benefits that  emanate 
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Box 6.3. Performance benchmarking, principles, best practices, monitoring, evaluation and 
learning for demand-led breeding: educational objectives. 

Purpose: to enable breeders to devise a fit-for-purpose performance assessment for their 
demand-led breeding project.

Educational objectives

Performance measures: to understand the process and key performance indicators (KPIs) 
used in your home institution to evaluate the success of the breeding projects and your 
performance as a plant breeder; to be able to critique these measures for their suitability 
for use in demand-led breeding projects and develop additional KPIs as required.

Demand-led performance management: to be able to design and lead performance 
management of the breeding project, using best practices in monitoring, evaluation and 
learning (M&E&L) in the context of demand-led breeding; and, specifically, to be able to 
evaluate the success of your breeding project(s) in terms of relevance, efficiency, effect-
iveness and impact.

Value chain partners: to understand the importance of the participation of clients and 
value chain actors in M&E&L systems and to know how and when to seek their views and 
involve them.

Definitions and linkages: to understand the terminology used in project management and 
M&E&L, and the progression from inputs to activities to outputs to outcomes to impacts.

Monitoring progress: to use the new variety development strategy and stage plan as the 
baseline to monitor progress towards the demand-led project breeding goals, objectives 
and performance targets.

Learning: to create a mechanism for learning and taking appropriate collective action on 
improvements.

Success stories: to be able to write success stories about demand-led breeding projects.
Communications: to be able to communicate monitoring and evaluation (M&E) results, 

success stories and learning from demand-led breeding projects and programmes, and 
to foster greater engagement with clients, value chain actors and other stakeholders on 
the use of new varieties.

Key messages

• Applying best practices in project management and M&E&L will increase the perform-
ance and likelihood of success in breeding programmes.

• Demand-led breeding is target driven and the development strategy for each new variety 
design and its associated stage plan should be used as the baseline reference for all 
M&E&L assessments.

• The breeding goals, objectives, target clients and market segments that the new variety 
is being bred for, and how the new variety will be developed, must be clear before a suc-
cessful M&E&L plan can be initiated.

• Specific KPIs and methods for seeking input and feedback on performance from clients 
and their value chain actors should be included in the development strategy to support 
and encourage the delivery of plant breeding goals and objectives.

• It is important to discuss and agree with research leaders and senior management the 
proposed new variety designs, the associated development strategy and the KPIs that will 
be used to support the delivery and assessment of the breeding project. Any conflicts or 
modifications required with an institution’s existing performance management system need 
to be resolved with senior management before the breeding project is initiated.

Continued
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Box 6.3. Continued.

• Key clients should be consulted on at least four key decision points (or stage gates) in the 
stage plan: (i) the decision to invest in the demand-led plant breeding project; (ii) the lead 
lines to be developed and scaled up; (iii) new variety release; and (iv) variety adoption and 
impact assessment studies.

• Sharing learning experiences during and after completion of the development of new 
varieties is a valuable and constructive part of improving breeding projects and pro-
grammes. Special focus is required in demand-led breeding to strengthen profes-
sional development, teamwork, partnerships and collaborations with clients and value 
chains.

Key questions

• What terminology do you use to describe your breeding project, its outputs and the benefits 
and consequences for the farmers who use your varieties?

• What do the following terms mean: breeding project, breeding programme, output, outcome 
and impact?

• Does your institution have an established M&E&L system that you use to monitor progress 
in the conduct of your breeding programme?

• What are the strengths and weaknesses of the current M&E&L system?
• How will your institution measure your individual performance as a breeder?
• How will you measure your own performance as a breeder?
• How will you build/expand on an excellent reputation as a professional breeder?
• What does success look like to you?
• Who are you breeding your new variety for?
• What are the overall goals and objectives of your breeding project?
• What are the breeding targets for your new variety?
• How will you measure progress towards the targets and what assessment tools will 

you use?
• What is a key performance indicator (KPI)?
• Which KPIs are most appropriate to measuring the success of your new variety?
• Are the KPIs for demand-led breeding programmes similar to or different from those now 

used in your home institution’s M&E&L system; if they are different, how?
• What is the difference between monitoring and evaluation, and why are they both 

important?
• Why is setting a baseline a fundamental requirement for successful M&E?
• How can your new variety development strategy and stage plan help you to monitor and 

evaluate progress and success in your demand-led breeding project?
• How will you track progress in your breeding project?
• Why is it important and what are the benefits of involving clients, value chain actors and 

stakeholders in your M&E&L system?
• How and when will you seek client and value chain inputs and feedback into your M&E&L 

system? What will be the challenges to gain their continuing engagement?
• What feedback mechanisms will you put in place to enhance effectiveness in your breed-

ing programme and increase variety adoption?
• To what extent has a results and performance measurement-based framework been em-

ployed in your planning process?
• How will you share your results with others and increase the learning process from your 

experiences in breeding and variety use?
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Box 6.4. Variety adoption and performance tracking: educational objectives. 

Purpose: to enable breeders to understand the importance of variety tracking and the use of best 
practices in gathering reliable data on farmer adoption and variety performance after release.

Educational objectives:

• to evaluate and select the most appropriate variety tracking methods, in conjunction with 
clients and value chains; and to be able to use these methods in setting measurable cri-
teria for success in variety adoption, as part of a monitoring and evaluation (M&E) and 
impact assessment system for demand-led breeding; and

• to be able to appreciate and develop learning and communication tools to discuss and 
share the results of new variety development, adoption and performance with clients and 
stakeholders.

Key messages

• Demand-led breeding projects are driven by understanding and satisfying client demand. 
Being able to measure new variety adoption, client satisfaction and the resulting eco-
nomic and social benefits is an essential part of the development strategy and stage plan 
for new variety development.

• Breeders need to discuss with and gain commitment from their management about how 
varietal adoption will be assessed after release, who will be responsible for this, and that 
sufficient resources will be available for this purpose.

• Impact assessments will be required after completion of the breeding project to evaluate 
the effects of the project on the lives of farmers and other clients, using measures from 
each key performance indicator (KPI) target.

• The KPIs are likely to include assessment of the following:
○ What is the rate of adoption of the new variety and the associated output products?
○ How many farmers (farm households) will/have benefited directly (or indirectly) from 

the new variety and your interventions?
○ How much land (hectares) has been planted with new varieties?
○ What economic and social benefits have clients received?
○ What changes in behaviour have taken place and what benefits have resulted?

• Breeders need to: be aware of all the variety identity and tracking technologies available 
(e.g. phenotypic as well as low-cost molecular approaches); evaluate each option in terms 
of accuracy, technical feasibility and cost; and select and incorporate the most appropri-
ate one(s), into the new variety development strategy and plan.

Key questions

• Why will you assess the variety use and adoption?
• How do you conduct the variety adoption study/assessment?
• How will you know if your variety has been adopted?
• How will you or others be able to identify your variety in the field?
• How do you know if you have achieved the standard required?
• Do you need to develop an assessment method for use by government officials or clients 

so that they can monitor the performance of consumer-demanded traits in new varieties 
(e.g. nutrition levels)?

• How can you conduct participatory variety adoption (PVA)?
• How can you assess farmers’ variety satisfaction, market variety share and other clients’ 

satisfaction?
• How does variety adoption assessment guide the future breeding programme?
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from the adoption of improved crop varieties among communities stretch be-
yond the favoured regions to marginal areas, and are spread reasonably well 
between producers and consumers (Heisey and Morris, 2002).

Depending on the underlying breeding objectives, improved varieties may 
have an array of benefits, including higher yields, improved output quality, 
lower production costs, simplified crop management techniques or shorter 
cropping cycles. However, these assertions can only hold if farmers take up 
and utilize the varieties generated through plant breeding research. Further, the 
success of the breeding programme can only be verified if the adoption path-
ways and performances of the products are tracked and documented over time.

In estimating the benefits of a breeding programme, several approaches 
may be used, including: (i) measuring the area under improved varieties; (ii) 
estimating farm-level yield gains; (iii) accounting for changes in crop manage-
ment practices; (iv) accounting for non-yield benefits, such as improved grain 
quality; (v) accounting for policy distortions; (vi) considering price effects in 
output markets; (vii) attempting to translate farm-level yields into aggregate 
supply response; and (viii) considering the without-project scenario.

Documenting the outcomes and impacts associated with investments in 
plant breeding has been a long-standing challenge in Africa. Despite the many 
efforts and large investments that have been made in developing and releasing 
improved crop varieties, measuring the levels of uptake of these varieties, 
understanding the true drivers of adoption, assessing the scale of adoption, 
and estimating the various impacts derived from variety adoption, have been 
incomplete and difficult tasks. These challenges in demonstrating the outcomes 
and impacts of new plant varieties in Africa have hindered research organiza-
tions and investors from fully demonstrating the relevance and magnitude of 
the benefits of their investments in plant breeding.

One of the most comprehensive recent studies on new variety adoption in 
Africa has been the Diffusion and Impact of Improved Varieties in Africa (DIIVA) 
study conducted by Walker et al. (2014) for the CGIAR Impact Assessment 
Panel. This study examined the adoption by farmers of some 1150 new var-
ieties of 20 crops in 30 countries of sub-Saharan Africa over 15 years (Walker 
and Alwang, 2015) (see also Chapter 1, Table 1.1, this volume). The rates of 
adoption ranged from almost 90% for soybean to less than 7% for banana. The 
average rate of adoption of modern varieties across all crops in all countries 
surveyed was 35% in sub-Saharan Africa. This contrasts with approximately 
65% variety adoption in Asia and 80% in Latin America.

Constraints to tracking variety adoption

A major constraint to determining variety uptake has been the difficulties in 
identifying crop varieties once they are in farmers’ fields. Most farmers in Africa 
access new seed of preferred varieties through predominantly informal seed 
systems, including local seed markets. In these informal channels, it is difficult 
to keep track of the origin of the planting material and new names for varieties 
start to multiply, making it difficult to identify the actual variety in use.
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For instance, growing beans as variety mixtures is a common practice 
in many African countries, and often leads to the loss of identity of different 
varieties. With the wide diversity in market class (seed colour, size and 
shape) of beans, and uncertainty in the identification of the actual varieties 
being used by farmers, adoption and impact studies may provide incorrect 
estimates of the actual use of improved varieties, and hence a misleading 
analysis of the determinants of adoption and its associated impacts. The 
confusion over variety identification also poses a problem in utilizing the 
newly released varieties and indigenous landraces as a genetic resource in 
breeding programmes, especially when reporting and comparing experi-
mental results.

The use of DNA fingerprinting technology to complement household sur-
veys in varietal adoption studies can reduce the number of varieties not identi-
fied or misidentified in farmers’ fields. These new molecular data can provide 
a clearer picture of planted materials, and when layered with data from house-
hold surveys, can provide valuable information about the drivers for adoption, 
and link farmer-level data to the socio-economic landscape. Where formal 
seed distribution systems are operational, retailers who are supplying clean 
seeds to farmers, together with seed producers who are growing seeds of new 
varieties for sale to retailers, are also important sources for gathering informa-
tion on adoption and client needs.

Benefits of tracking variety adoption

An informed basis on which to guide public and private breeders on the char-
acteristics and performance of varieties that farmers, their communities and 
value chains want in practice, and to drive breeding programmes, depends on 
the following factors:

• better understanding of variety use and the factors affecting adoption, espe-
cially in informal seed systems where accurate seed production data are 
limited;

• estimation of the extent of the national and regional spread of improved 
varieties to inform current strategies on regional trade within specific mar-
ket corridors;

• enhancement of cross-border seed and grain trade, especially for multiple 
released varieties;

• determination of the cost-effectiveness and efficiency of current genotyp-
ing platforms for fingerprinting analysis;

• clarification of the extent of genetic diversity in crops that are in use, and 
the related risks to biotic and abiotic stresses;

• identification and conservation of new and unique germplasm to protect 
agri-biodiversity; and

• support for new variety dissemination projects that include the accur-
ate identification of varieties or certified seed, so as to ensure seed 
purity.
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Variety tracking using GPS coordinates

In demand-led breeding, institutions, companies and individual breeders 
should, as a necessity, monitor the movement of their varieties and determine 
whether their new varieties are in the main growing locations, and are being 
widely adopted and used by farmers. This information should also include the 
locations of sales agencies such as agro-dealers, as well as their geographical 
distribution. An example of variety tracking using GPS coordinates is shown in 
Fig. 6.3.

Case Study of the Bean Sub-Sector in Ethiopia, 2004–2014

This case study documents the changes driven by new varieties in the Ethiopian 
bean sub-sector before and after 2004. It demonstrates a range of important 
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Fig. 6.3. An example of variety tracking using global positioning system (GPS)  
coordinates in six districts of Tanzania. The map shows the location of agro-dealers’ 
shops in Babati, Hanang, Mbulu, Karatu, Siha and Hai.
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factors contributing to new variety adoption and the importance of breeders 
understanding their clients and value chains.

Bean production and marketing constraints in Ethiopia before 2004

Constraints to bean yield and productivity in Ethiopia before 2004 included low 
levels of input use (fertilizer, pesticide, improved seed) that were attributable 
to low farmers’ incomes, low levels of irrigation, soil degradation, inadequate 
agricultural research and extension, and constraints in market development. 
For several decades, bean research in the Ethiopian Institute of Agricultural 
Research (EIAR), including its Regional Agricultural Research Institutes (RARIs) 
and research undertakings in universities, was coordinated by the EIAR bean 
research programme based in Melkassa. The aim of the programme was to re-
spond to the existing bean production constraints by generating production 
technologies targeting increased bean productivity for enhanced household 
food security in Ethiopia.

However, there was limited interaction among the bean value chain actors, 
despite the increasing interest in beans as a marketable commodity by traders 
and exporters. The link between the producers and the export markets was 
weak, owing to the large number of ineffective intermediaries operating in the 
value chain. The small-scale intermediaries operated in limited geographic 
areas, fragmented between the producer and consumer markets, and creating a 
lack of transparency in bean marketing. The large (bean) importing companies 
could seldom manage thousands of smallholder bean farmers who also oper-
ated under non-standardized production systems, and lacked market forecast 
information, adequate financial systems and basic logistics.

In terms of bean seed supply, there was limited access for farmers to fresh 
seed from the either the research organizations or seed suppliers. The main 
source of certified bean seed of improved varieties was a government parastatal 
organization, the Ethiopian Seed Enterprise (ESE). For instance, in 2004, the ESE 
supplied about 40 tons of bean seed – less than 1% of the national seed require-
ment in that year. The ESE was supplying mainly three varieties of white pea bean 
out of 21 released up to 2003 by the EIAR, the RARIs and Hallemaya University 
(Assefa et al., 2006). The ESE seed was supplied primarily to government-supported 
seed intervention projects. The woreda (district) bureaux of agriculture were then 
responsible for the distribution of seed to the farmers. There was also limited 
decentralized seed production by farm research groups supported by research 
centres around their experimental stations. The rate and extent of adoption of the 
released varieties remained quite low (Assefa et al., 2005).

Bean seed access, production and marketing in Ethiopia, 2004–2014

A more robust seed systems approach was introduced in Ethiopia after 2004 
and yielded remarkable results. The new Ethiopian bean seed system is illus-
trated in Fig. 6.4.
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Between 2004 and 2014, a sustained, diversified and decentralized bean 
seed supply dramatically increased access by famers to seed of improved 
bean varieties. The annual review meeting of the Ethiopian bean multi-stake-
holders indicated impressive impacts on bean production resulting from the 
novel targeting of demand-led varieties, and engagement with decentralized 
seed producers, who were supported by partner organizations (including 
non-governmental organizations – NGOs, farmer cooperatives and district 
agricultural offices).

The adoption and use of small, affordable bean seed packs expanded the 
reach of new varieties, especially in remote areas where new variety penetra-
tion was previously low. The approach proved efficient in enhancing access to 
high-quality bean seed by resource-poor farmers, particularly women (ICRISAT, 
2011). Access to seeds of market-demanded varieties increased from less than 
20% to about 65% across major bean growing areas between 2004 and 2010 
(Katungi et al., 2009; Katungi et al., 2011). The number of partners also in-
creased from 15 to 53 between 2004 and 2014. In the same period, the amount 
of seed produced increased 500-fold and the number of varieties promoted by 
the partners increased 200-fold.

The wider use of improved bean varieties was tied to bean pricing and 
increased market demand. The Ministry of Agriculture facilitated the exposure 
of farmers to market-demanded varieties and complementary technologies. 
Between 2004 and 2014, there was a 33% increase in area under beans – from 
245,507 to 326,500 ha, while production increased by 115% from 211,347 to 
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Fig. 6.4. Bean seed access, production and marketing in Ethiopia, 2004–2014. Key: 
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455,115 tons. Bean production increased as result of both significant increased 
area under beans and increased grain productivity, with productivity increasing 
from 0.861 tons/ha to 1.49 tons/ha between 2004 and 2014.

Decentralized bean seed production improved the livelihoods of farmers 
through increased and diversified incomes, which helped them to meet their fi-
nancial needs, including those for school fees and household items (Gebeyehu 
and Dadi, 2010; IPMS, 2010). Some farmers were able to reinvest the proceed-
ings from bean sales to expand the area under bean production and/or to invest 
in livestock production (Teshale et al., 2007). More exporters have joined the 
bean trade and are creating employment, especially for women. For example, 
Agricultural Cooperative Supplies (ACOS Ethiopia) employs more than 1200 
women and runs a nursery school where children learn while their mothers are 
working.

The significant changes in the bean sector have been attributed to: (i) in-
creased incentives (better prices) along the supply (value) chain; (ii) increased 
adoption and use of improved bean varieties and complementary crop man-
agement technologies (for example, by increasing the frequency of weeding 
from one to three times a season); (iii) increased access to improved technology 
packages, including improved postharvest management handling techniques; 
(iv) increased awareness of farmers and other supply chain actors about the 
linkages between seed quality and grain quality; and (v) the prioritization of 
beans by government policy makers and crop research management and their 
decision to support the development and strengthening of the bean value chain 
(Rubyogo et al., 2010).

Overall, the transformation of the bean sub-sector in Ethiopia has been sig-
nificant over the past decade for six major reasons:

• enhanced access to improved varieties and complementary crop manage-
ment technologies;

• effective partnerships;
• supportive government policies;
• an improved bean marketing process and value chain, rewarding higher 

prices to farmers;
• value chain connectivity; and
• a multi-stakeholder approach.

To achieve the improved value chain connectivity, continuous efforts were 
made through national and regional platforms to engage actors in creating 
bean value chain fora at the local level and engaging through these in dis-
cussions at the national level. Stronger linkages between exporters and small-
holders create more efficient and effective bean value chains where demand 
signals are clearly communicated to the producers, and inputs are available 
to ensure production of the requisite export volumes. More involvement of 
reliable private sector partners in the production of basic seeds will further 
improve seed availability and accessibility to sustain the momentum as the 
demand increases.

The multi-stakeholder approach adopted in the transformation of the bean 
sector in Ethiopia needs to be both continued and expanded in order to engage 



178 J.C. Rubyogo and I. Rwomushana

Box 6.5. Learning methods, assignments and assessment methods. 

Performance Benchmarking

Learning method

• PowerPoint slide presentation, including definition of terms, principles and best practices 
in demand-led breeding.

• Group discussion on the performance management system used by institutions for moni-
toring and evaluation (M&E) in demand-led breeding programmes, and the challenges in 
its implementation.

Assignment

• To review a prototype new variety development strategy (as created in Chapter 5, this vol-
ume), and to construct or improve the M&E plan created for your demand-led breeding 
project. Highlight the principles used and indicate the main steps you will undertake to track 
and evaluate progress and learning. This includes defining: who is responsible, who is con-
sulted and who undertakes the M&E and learning activities; when and how will these be 
done during the development stage plan and after project completion; how information 
from M&E and learning will be communicated and to whom, and what tools will be used?

an even wider range of stakeholders to transform the bean value chain in a more 
holistic manner. Collective action among stakeholders is required to fully trans-
form the whole bean value chain. This includes local and national government 
bodies, development partners and investors, private companies, local and global 
agricultural companies, and financial institutions. Partnership coordination units 
have been established to engage a broad network of stakeholders in Ethiopia.

Political will is necessary in strengthening national agricultural plans, fa-
cilitating the formulation of policies aimed at improving the enabling environ-
ment for local bean traders and exporters, and increasing public investment 
in agriculture-related infrastructure to reduce transaction costs for small-scale 
bean entrepreneurs.

The private sector should also increase agriculture sector-related invest-
ment with an emphasis on developing sustainable, innovative and smallhold-
er-inclusive business models so as to enhance the efficiency and effectiveness 
of the bean value chain. Finally, local companies should engage actively in 
partnerships to increase access to capital, which will boost the capacity of 
smallholder bean entrepreneurs and incentivize their efforts towards bean 
commercialization.

Learning Methods (Box 6.5)

Before this chapter concludes, a summary is provided in Box 6.5 of learning 
methods – together with assignments and assessment methods – for use with 
the two main topics that have been covered in the chapter: Performance 
Benchmarking; and Variety Adoption and Performance Tracking.

Continued
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Resource Materials

Slide sets are available for this chapter as part of Appendix 3 of the open-resource 
e-learning material for the volume. These summarize the chapter contents and 
provide further information. The e-learning material is available at http://www.
cabi.org/openresources/93814 and also on a USB stick that is included with 
this volume.
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Executive Summary and Key Messages

Objective

• To strengthen plant breeders’ ability to create compelling business cases 
for investments in demand-led plant breeding.

The chapter describes the elements necessary for plant breeders to be able to 
create a compelling plant breeding investment proposal to R&D management, 
government officials and financial investors. This includes identifying the bene-
fits and intended beneficiaries of a proposed new breeding project/programme, 
understanding the principles of a return on investment; and clarifying whether 
the investment in demand-led breeding can be justified in terms of the eco-
nomic, social and environmental benefits versus the costs.

How does demand-led variety development add value to current practices?

• Benefits and investment cases. Greater emphasis is placed on analysing 
and creating compelling business cases. This is done by identifying and 
communicating the full breadth of quantitative and qualitative economic, 
social and environmental benefits that will become available for clients 
and stakeholders by investing in the proposed demand-led plant breeding 
programme/project.

7 The Business Case for 
Investment in New Variety 
Development

Rowland ChiRwa*
CIAT (International Center for Tropical Agriculture), Chitedze 
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Implications for the role of the plant breeder
• Market and business knowledge. To be effective at consultation with the 

value chain, demand-led breeders require greater knowledge about crop 
uses, markets and the economics of breeding. The demand-led approach 
integrates the best practices of breeding with the best practices in business 
to create the ‘business of plant breeding’.

• Liaison with government officials. Breeders need to work closely with key 
government officials and, where possible, sensitize them of the need for 
new varieties with traits that respond to market demands. By so doing, they 
aim to solicit official support for new demand-led varieties and advocate 
their use.

• Compelling variety development cases. Breeders need to understand cli-
ents’ needs and create varieties that have benefits for all in the value chain 
and deliver an attractive return on investment. They also need to develop a 
broad and deep understanding of the range of costs required to develop 
demand-led varieties, to be able to create business investment cases that 
are persuasive to government officials and to both private and public 
 investors, and to secure and retain support for a demand-led breeding 
 programme/project.

Key messages for plant breeders

• The investment case. Clarity is required on the rationale and justification 
for proceeding with a demand-led breeding programme. A compelling 
case for investment should be constructed. Investment cases are always 
assumption based. The quality of the case comes from detailed analysis of 
the benefits and the performance assumptions, including questioning their 
probability and understanding their sensitivity to factors such as farmer 
adoption, choice of the varieties available and changing variety develop-
ment costs.

• Clients. It is critical to understand who the clients are, to define client 
segments and to determine whether there is a significant return on the 
proposed investment. If there is insufficient economic and social return, 
alternative crop improvement programmes should be considered and given 
higher priority.

• Communication. The creation of a compelling investment case that is per-
suasive to government officials, investors and stakeholders is critical to se-
curing and retaining support for a demand-led breeding programme.

Key messages for research and development (R&D) leaders, managers, 
government officials and investors

• Return on investment. Governments, R&D managers and investors need to 
appreciate that breeding programmes can provide a return on investment 
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and need not only be seen as a budget cost. Managers need to encourage 
an investment decision-making culture rather than one of budget spending. 
This can be achieved by tracking the adoption of and benefits that have 
accrued from new varieties, in addition to simply monitoring the number 
of varieties developed by breeding teams that are registered for release.

• Benefits estimation. R&D management needs to provide expertise in agri-
cultural economics and social sciences in order to work with the breeding 
team to construct a compelling investment case and quantify the likely 
benefits before a new breeding programme begins.

Introduction

The objective of this chapter is to strengthen the ability of plant breeders to 
create compelling business cases for investments in demand-led plant breeding. 
The chapter discusses how to develop a clear vision of both the benefits and 
the costs of developing new crop varieties. It describes the elements neces-
sary for plant breeders to be able to create a compelling investment proposal 
and present this to R&D management, government officials and financial in-
vestors. This investment case includes: identifying the benefits and intended 
beneficiaries of a proposed new breeding project/programme; understanding 
the principles of return on investment; and clarifying whether the proposed 
investment in demand-led breeding can be justified in terms of its economic, 
social and environmental benefits versus its costs.

Plant breeding as an endeavour is both a science and an art, and requires 
an in-depth understanding of the fundamental nature of plants and genetics, 
as well as of the most advanced molecular science and rapidly emerging new 
technologies that can speed up varietal development. In making the case for 
plant breeding, it is necessary both to mobilize public support for science as a 
contributor to progress in global food and agriculture and, specifically, to in-
crease investment in plant science as a means of improving crop productivity, 
especially in tropical environments.

There are insufficient resources available for meeting the food security 
challenge in Africa. Public investments by African governments on science and 
technology, as well as investments by the emerging private sector, need to in-
crease to meet these challenges (FARA, 2014). There is a heightened need for 
scientists to communicate and justify their work, and for this to be done using 
explanations that are persuasive to policy makers, politicians and private sector 
investors (BSPB, 2012). Thinking about the creation of new varieties within a 
framework of economic investment that generates a return for farmers, busi-
nesses and rural and urban communities in the countries of Africa is a way of 
shifting the agenda to the real landscape, in which plant breeding is seen to 
make a contribution to economic growth and livelihoods, rather than being 
seen only as a cost to the public purse.

National public breeding programmes currently receive the majority of 
their funding from their own governments. Public investments will continue to 
be required, in order to operate a long-term, sustainable breeding programme 
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that has a critical mass of human and financial resources, which will enable 
it to deliver a pipeline of new demand-led varieties over time. This national 
support can be supplemented by international development assistance and by 
philanthropic foundations. Such external support tends to be provided over 
shorter duration and specific projects, sometimes focused on a single crop trait 
(e.g. drought tolerance or disease resistance). There are also opportunities to 
grow the role of the private sector in supporting demand-led plant breeding.

It is vital for professional breeders to develop the skills to win support for 
reliable, sustainable funding by critically analysing their programmes, dem-
onstrating and communicating the merits of their investment cases, and then 
delivering varieties that achieve their promises for all of the beneficiaries in-
volved. As such, the aim of the chapter is to act as a resource for education in 
this field. For this purpose, a box is included near the end of the chapter that 
summarizes the main educational objectives of the chapter and presents the 
key messages and questions involved. There is also a final box at the end of the 
chapter that summarizes its overall learning objectives.

Investment Decisions

Demand-led new variety development puts clients and their value chain actors 
at the front and centre of the plant breeding programme. The first decision 
and entry point on starting a new breeding programme is deciding whether 
the demand by clients has sufficient scale and benefits to justify the invest-
ments and costs required. New varieties that are designed for clients can 
deliver broad-ranging benefits – from direct economic gains to social and en-
vironmental benefits. Benefits may also pertain to other stakeholders such as 
government officials, international development agencies and philanthropic 
foundations, as the new varieties will contribute towards achieving their offi-
cial development policies and sustainable development goals.

Benefits and beneficiaries

For any breeding programme, there must be target products to be developed – 
varieties – that are designed for specific clients, according to the established 
demand. The new varieties should have specific attributes that are unique or 
better than the attributes of existing varieties. Before developing these new var-
ieties, it is important to understand the economics of so doing.

One aspect of the business case is to be able to quantify the benefits of de-
veloping a new demand-led variety and how that will influence the expected 
adoption rates. This will help decision makers to understand the potential value 
of the new variety. Comparing these likely benefits with those of current var-
ieties, and understanding the external market and trends, are also essential in-
gredients in being able to prepare an investment case. Investment cases should 
strive to define benefits in both quantitative and qualitative terms, and take both 
into account.
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The most compelling business cases for gaining support from government 
officials, investors and partners within the private sector are those that dem-
onstrate economic returns combined with social and environmental benefits. 
Some key questions to consider here are:

• Who are the beneficiaries?
• What are the benefits that a new demand-led variety can deliver to the vari-

ous beneficiaries?
• What are the individual benefits for each stakeholder in the value chain?
• How can one put a value on these benefits?
• Can the benefits be quantified and, if not, why not?
• Are there recognized valuation methods?

Often, the beneficiary who is overlooked when making the business case 
is the public and/or private financial investor in the plant breeding programme. 
New varieties can contribute to achieving both the policy goals and the eco-
nomic growth targets set by governments, and those of private investors by 
gaining a return on their investment. In most countries of Africa, the investors in 
plant breeding are mainly the national government, international development 
agencies and/or private foundations. In countries with more mature seed mar-
kets, such as South Africa, the private sector is increasingly investing in plant 
breeding. This chapter focuses on preparing investment cases for both public 
and private funding sources.

A checklist of the benefits that a new demand-led variety might deliver is 
given in Table 7.1. This is not an exhaustive list of every aspect that may be im-
portant for value chain actors. It is intended as a guide to stimulate discussion 
on the different types of benefits that have value for investors, clients and other 
stakeholders, and that should form part of an investment case; it also aims to 
address some of the ways that these benefits can be quantified.

Scale of the beneficiaries
To be realistic about the potential value of new demand-led varieties, it is ne-
cessary to consider the potential number of farmers who will use each variety. 
The derived potential value must be compared with the cost of investment to 
develop the individual variety. When the investment in a breeding programme 
(e.g. by the private sector or an international research programme) is being 
considered, in the case where the investors may have interests in multi-country 
programmes, it is also necessary to consider potential users of the variety in 
other countries that share similar agroecologies, because this would expand 
the market potential for the new variety.

By investing in breeding in one country and supplying the variety to po-
tential clients in other countries, the breeding programme (and its investors) is 
reducing the costs that would occur if the breeding activities were replicated in 
several countries. Investment in breeding a demand-led variety would, there-
fore, be more viable because of the increased number of potential users derived 
from cross-border trade; this applies even if the investment costs are higher 
than the value of the variety when only the potential users in the originating 
country are considered.
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Table 7.1. Types of benefits gained from developing a new demand-led variety: examples of 
consequences and measurement units.

Beneficiary Specific benefit
Benefit 
consequence Benefit type

Quantification 
units

Farmers Greater yield Farmer income
Shift from 

subsistence 
farming to crop 
surplus entering 
markets

Business growth
Cash income 

for children, 
education, health

Economic US$

Earlier or later 
cropping than in the 
main season

Higher prices (as 
less supply out 
of season)

Economic US$

Improved crop quality Higher price, more 
customers

Economic US$

Improved plant 
architecture

Easier harvesting
Time-saving

Economic US$

Fewer inputs required 
(e.g. less fertilizer, 
insecticide)

Cost saving Economic
Environmental 

sustainability

US$

Less labour Cost saving

Children have time 
to go to school

Economic

Social

US$/person 
hours

Better literacy 
levels

Seed producers Greater seed yield
Higher productivity 

per area grown

Farmer income
Unit costs less
More competitive 

price to 
distributors

Economic US$/person 
hours

Transporters Less damage in 
transit

Cost saving Economic US$

Wholesalers Improved shelf life Cost saving Economic US$
Food 

processing 
companies

Source from local 
farmers rather than 
imports

Cost saving
Reliable supply

Economic
Logistics

US$

Food retailers/
Supermarkets

Good varieties and 
sourcing from local 
smallholders

Freshness and 
higher prices

Differentiation 
and fair trade 
brands

Economic US$

Improved shelf life Loss of wastage 
and costs

Economic US$

Continued
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This proposition supports the business case for establishing regional pro-
grammes, and also underlies the efficiency of regional and international breeding 
programmes supported by the CGIAR international agricultural research centres 
and CGIAR research programmes (CRPs), and by regional biosciences facilities 
(such as Biosciences eastern and central Africa – BecA), subregional organiza-
tions in Africa (such as ASARECA, the Association for Strengthening Agricultural 
Research in Eastern and Central Africa; and CORAF/WECARD, Conseil Ouest 
et Centre Africain pour la Recherche et le Développement Agricoles/West and 
Central African Council for Agricultural Research and Development), as well as 
regional educational programmes for plant breeders (such as ACCI, the Africa 
Centre for Crop Improvement; and WACCI, the West Africa Centre for Crop 
Improvement).

Identifying benefits: sources of information
There are several sources of information that may help guide in identifying the 
types of benefits that can be used to construct a compelling investment case. 
These include the following.

goveRnment doCumentation. National governments of OECD (Organisation for 
Economic Co-operation and Development) countries have their own evaluation 
systems for reviewing the performance of their science programmes, which 
often require impact studies.

For example, the Australian Grains Research and Development Corporation 
(GRDC) commissions independent assessment studies that provide 

Table 7.1. Continued.

Beneficiary Specific benefit
Benefit 
consequence Benefit type

Quantification 
units

Consumers Improved shelf life Less time shopping
Less wastage and 

cost

Economic
Social

US$

Easier preparation Time-saving Economic
Social

US$

Shorter cooking time Energy saving Economic
Social

US$

Increased vitamin or 
protein content

Reduced mycotoxins
Improved health

Working ability
Reduced health 

costs

Economic
Social

US$

Investors
Governments
International 

agencies
Private sector

Delivery of mandate/
policies

Support balance of 
payments (import 
versus export)

Economic 
development 
Farmer livelihoods

Economic 
development

Continued funding 
for plant 
breeding projects 
and support for 
innovation and 
science

Economic
Social

US$
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 comprehensive documents that review the economic impacts of its invest-
ment in plant breeding for individual crops. The GRDC is funded partially by 
farmer levies, which are matched with public funding. It uses these funds to 
support R&D for the Australian grains industry, including supporting breeding 
programmes for new variety development. The stakeholders expect value for 
their money, and hence a number of these documents are made publicly avail-
able at https://grdc.com.au/about/our-investment-process/impact-assessment 
(although some require permission for access). The GRDC evaluation approach 
is rigorous and systematic, and is a combination of quantitative and qualitative 
measures of economic, social and environmental benefits. It is a rich resource 
for breeders to consider using to help construct their own business cases in 
other crops and countries. A case study for consideration and discussion is the 
lentil breeding and export industry in Australia (GRDC, 2013).

Another useful resource document is a lobby paper submitted by the British 
Society of Plant Breeders to the UK Government on the importance of plant 
breeding, and its dependency on breeders’ rights legislation to enable plant 
breeding investment by the private sector (BSPB, 2012).

inteRnational development agenCies and advanCed ReseaRCh institutions. Each agency 
or research institute has its own templates and requirements for how benefits 
should be communicated. Information can be found online on project proposal 
documentation and by seeking out ex ante impact studies that have been 
conducted by economists/social scientists.

pRivate seCtoR Companies. Private sector plant breeding programmes are wholly 
dependent on delivering successful varieties that generate profits to satisfy 
shareholders, and they support investment in a variety development pipeline. 
Hence, substantial attention is given to identifying the economic benefits of such 
programmes to farmers, clients and the value chain as a whole. For example, 
Syngenta has made available a pro forma information tool that can be used 
to construct and evaluate investment cases based on their putative economic 
benefits. This tool is described in Appendix 7.1 at the end of the chapter.

Investor expectations

When developing new demand-led varieties, the breeding team needs to be 
sure that it understands the investors’ interests and expectations over the life of 
a demand-led breeding programme/project, as well as those of the clients and 
stakeholders. It is important that the investors should be part of the consulta-
tive process from the inception of the breeding programme, including during 
the process of developing the stage plan for the programme. This will help the 
programme to focus on the same areas as the investors’ interests, while also ad-
dressing the needs of the clients who will grow and use the new varieties. The 
overriding consideration for publically funded breeding programmes in Africa 
is that they serve the needs of African smallholder farmers and other clients 
along the value chain.

https://grdc.com.au/about/our-investment-process/impact-assessment
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Cost Estimation and Management

Understanding the basics of project accounting and investment decision 
making is a core skill that can be beneficial to all public and private breeders 
and researchers. It is also an important skill that helps scientists to design and 
cost project proposals confidently and monitor these costs during project 
implementation.

Understanding the costs associated with developing new varieties will help 
in making key investment decisions in breeding programmes. This is required 
for demand-led programmes, because the inclusivity of clients and stakeholders 
may raise the need for additional studies that have a cost component. Partnering 
with value chain stakeholders may also provide additional resources, either ‘in 
kind’ or as direct funds for the programme.

Within the context of plant breeding, a holistic approach to project costs is 
possible because breeders start with an idea and have a tangible end product, 
i.e. a registered variety for use by farmers, for which costs can be calculated 
and assigned from the start to the end of the project, and the variety can have 
an estimated value.

There are many and varied costs associated with breeding programmes 
that need to be adequately considered. A full analysis is required for every cost 
that might be incurred, including staff time (in full time equivalents – FTEs) as 
well as operational funds (cash) and any capital or equipment costs. To act as a 
reference, a list of the costs that might be encountered during demand-led new 
variety development is given in Table 7.2.

Cost calculation

The best way to calculate costs for a demand-led breeding project/programme 
is to use the stage plan (see Fig. 5.2, this volume) and the associated activity 
work plan for each new variety being developed, and then obtain the cost for 
every activity and assign an amount to each year in the timeline. This will re-
quire a dialogue with a range of budget holders, as some of the costs will not 
be from the breeder’s own department. Some of the costs are also likely to be 
external to the research institute concerned. Consider all of the skills, activities 
and materials required, and the disciplines they are in. These costs could be 
measurable in people’s time (FTEs) or in real cash costs, such as monies to be 
paid to a government department for variety registration trials and review by 
the variety release committee (Table 7.2). For the costs of people’s time, calcu-
lations will require the use of a standard cost per person. This standard cost will 
be known or will need to be calculated, possibly by the finance department of 
the home institution. Usually, personnel costs are presented as a percentage of 
an FTE/year.

An aspect that requires a policy decision with the institute that is devel-
oping the variety is whether in calculating costs only the actual operational costs 
should be charged to a project budget, or whether the costs should  include fully 
charged overhead costs in the estimate. Overheads in scientific laboratories with 
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Table 7.2. Reference table of breeding programme costs: examples of types of costs and 
their requirements for human resources (HR)-based costs (as full time equivalents, FTEs) 
and cash.

Disciplinary area and cost item
HR input 
(FTE) Cash

Farmer and value chain market research
Meetings and consultations with farmers and the value chain to 

define needs and priorities to create new variety designs  
and set breeding targets and goals

Specific market research studies

YES YES

Project governance and decision making
Management meetings: to review project progress and make  

stage plan advancement decisions that include clients/
stakeholders in the decision making

YES YES

Project management: to create the demand-led development  
plan, and monitor and evaluate progress

YES YES

Investment case creation: discussions with economists, social 
scientists, management and budget holders to create the 
business case, which comprises project benefits and costs. 
Project proposal and plan creation, and liaison with investors

YES YES

Plant breeding
Plant breeders YES YESa

Laboratory and greenhouse technicians YES NO
Molecular biology: sequencing, genotyping and other  

data analysis
YES YES

Experimental design and data management
Bioinformatics advice and statistics packages YES YES
Computer access and power YES YES

Germplasm evaluation
Farm trial operations – labour (on-site, off-site) YES NO
Farmer participatory breeding trials YES YES
Agronomists YES NO
Plant protection YES NO
Soil scientists YES NO
Processing performance tests YES YES
Performance tests by food company or other value chain 

stakeholders
YES YES

Consumer-based assays (including outsourcing), e.g. cooking  
and taste trials

YES YES

Procurement of supplies
Procurement team YES NO
Purchase of inputs for trials (fertilizer, chemicals, seeds, water) NO YES
Import, export and transport of germplasm YES YES

Seed production
Scaling production for registration and demonstration YES YES
Seed certification YES YES

Variety registration
DUS, VCU, EOs trialsb NO YESc

Review by the variety release committee (VRC) NO YES
Continued
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expensive hi-tech equipment (that lose value over time, i.e. have a depreciation 
cost) can be as much as 30–60% and are material to an investment decision on 
a plant breeding programme. Most investors will accept some overhead costs, 
and the level and content of overheads in a programme usually need to be ne-
gotiated on a case-by-case basis.

In most countries, the national government’s agricultural R&D programme 
has a budget (sometimes insufficient) for conducting crop improvement ac-
tivities. The main decision to be made is one of the choice of which crops to 
select for the breeding programme. In this case, it is more appropriate to use 
non-overheaded costs. This is also the method to use in the Syngenta invest-
ment modelling tool, in which the non-overheaded costs are inserted into the 
model (Appendix 7.1). However, it is worth understanding that this approach 
underestimates the full cost of the breeding programme because these over-
heads are omitted. The full costs of running a breeding programme should in-
clude overheads that cover the essential institutional costs.

Cost efficiency

With limited resources, it is appropriate to make rational decisions on their use, 
to maximize efficiency during the variety development process. Each breeding 
programme will be different. Some areas that are worth considering for cost 
efficiency are given below.

Internal capacity versus outsourcing expertise
A key decision is the location and source of expertise and activities. A nat-
ural tendency is to prefer to do all activities within the home or partner insti-
tutes. This may not always be the best approach, especially for demand-led 
programmes that involve consumer- or processing-based assessments for which 
technical capacity or know-how is limited at the home institution and will 

Disciplinary area and cost item
HR input 
(FTE) Cash

Demand-creation – demonstrations, promotion and line 
selections at different times in the stage plan and at variety 
release
Farmer groups YES YES
Extension service YES YES
Distributors YES YES
Value chain stakeholders (processors, supermarkets, etc.) YES YES

aThis includes travel costs for discussions and information seeking, which are additional to plant breeding 
costs per se.
bDUS, testing for distinctiveness, uniformity and stability; VCU, determining value for cultivation and use; 
EOs, variety testing trials by examination offices (EOs) performing on behalf of the community variety office.
cRegistration trial and release costs can be substantial. For example, currently 2 years of mandatory trials for a 
new bean variety in Kenya costs US$3000 per variety. Additional years of trials, if required, cost US$1200 p.a.

Table 7.2. Continued.
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take time and investment to acquire. Cost is also an important consideration. 
Outsourcing may be a better option for some assessments.

In recent years, because of the genomics revolution, the costs of sequen-
cing and genotyping have reduced dramatically (Boettiger et al., 2013). One 
area where breeding programmes have cut costs is by making efficient use of 
the available resources by outsourcing sequencing and genotyping services. 
One such example is the approach being used by the African Orphan Crops 
Consortium (AOOC; see http://africanorphancrops.org/). Beijing Genomics 
Institute (BGI) is doing the high-throughput primary sequencing of 100 lines 
each of 101 African crops in China. Resequencing and annotation work is 
being done at the World Agroforestry Centre (ICRAF) in Nairobi, together with 
the BecA-ILRI Hub at the International Livestock Research Institute (ILRI) in 
Nairobi, which is providing support and curation of the AOCC germplasm.

Another example of outsourcing involves considering the best approach for 
access to genetic markers. For some traits in the demand-led variety development 
programme, it may be better to access markers at high-throughput molecular la-
boratories. Tissue or DNA samples from a breeding programme can be sent to such 
central laboratories for genotyping at a reduced cost compared with running the 
same processes individually within the breeding programme. The results from geno-
typing are sent back to the respective breeding programme for analysis and selec-
tion of the lines or varieties that have the required genes. This becomes cost-effective 
as the breeding programme only pays for the services rather than investing in the 
laboratory infrastructure, chemicals and personnel to run it. Some breeders based 
at public institutions in Africa are accessing such outsourcing services by sending 
their samples for genotyping at K-Bio-Sciences in the UK through the Integrated 
Breeding Platform (IBP) of CGIAR’s Generation Challenge Programme (GCP), with 
financial support from the Bill & Melinda Gates Foundation.

Crop cycles per year
Other cost efficiencies are also possible, especially where the number of crop 
cycles can be increased from one to two or even three cycles a year. This is 
possible in some cases, depending on the crop species, rainfall pattern and the 
availability of facilities such as irrigation or greenhouse space. Increasing the 
number of crop cycles a year cuts the time from generating crosses to the release 
of a variety. As time is associated with costs, reducing time will also reduce some 
costs. For example, there have been recent developments of barley and wheat 
that have used controlled environmental conditions to increase the number of 
cycles a year from one to seven. The approach has been developed by Hickey 
(2014) at the University of Queensland, Australia and is called ‘speed breeding’.

Speed breeding has applicability for a range of crops but it is crop species 
dependent due to day-length requirements. Breeders who have access to con-
trolled environment facilities are encouraged to explore this area of practical 
agronomy for use in their programmes.

Demand-led approaches and client involvement
There are various scenarios using the demand-led breeding approach that 
can have an impact on the costs of breeding programmes. The first scenario 

http://africanorphancrops.org/
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is that by involving various stakeholders with interests in the demand-led var-
iety design and development, more interactions and processes are required. 
This might translate into increased costs, both directly and indirectly, due to 
the extra time required to accommodate the various processes demanded by 
different stakeholders. As such, the demand-led breeding approach raises the 
cost of producing a variety. However, the approach can produce varieties with 
reduced risks of failure and increased uptake by clients. These positive factors 
in the breeding programme will ultimately lead to reduced development costs 
per variety used by farmers.

The ideal scenario is where stakeholder engagement leads to clear de-
sign requirements, resulting in a more focused performance appraisal of lines, 
quicker decision making on the key traits, faster development and reduced 
costs. In some cases, it may be possible – where stakeholder interest in the 
value chain is particularly high – for a partnership to be developed where there 
is sharing of costs (e.g. the benefiting processor, or a food company, provides 
bioassays or performance testing arrangements, or other contributions with 
know-how, resources or finance).

Fast-tracking development and risk management
A key investment consideration is the speed of the project plan and the 
scale of the risk mitigation measures that are included. Generally, breeding 
and cost efficiency will be sought in most programmes owing to budget 
constraints and the need to register varieties as rapidly as possible to meet 
the needs of farmers, clients and investors. Fast-tracking may require add-
itional resources to ensure success (e.g. the parallel testing of many lines 
for a longer time period, or doing additional work to reduce market uncer-
tainty). Investment cases often show that in developed markets, reaching the 
market first (even by 1 or 2 years) with a highly differentiated trait can make 
a significant difference to the attractiveness of the investment proposal, and 
so additional upfront costs are acceptable in order to reduce the time to 
market for the new variety.

Investment Decision Making

The decision to invest in developing a new variety is a strategic one for public 
and private sector institutions, because of the potential benefits for farmers and 
the value chain, the length of time it takes and the large costs involved. Decision 
making in public R&D organizations is often based on generating public goods, 
farmer benefits and breeding success (as measured by the numbers of varieties 
being registered rather than by adoption rates or breeding efficiencies and cost 
management (Ceccarelli, 2015).

The concept of generating a return from an investment in breeding has al-
ways been the driving mandate by the private sector, but is a relatively new way 
of thinking for public sector breeding programmes. A return on investment is 
displayed most simply as a multiple factor. For example, if the estimated eco-
nomic benefit of a new variety is US$1 million and the total development costs 
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are US$ 0.5 million, then the benefits have covered the cost of the investment 
and provided a return on investment of 100%.

The approach made by the private sector in developing a business case is 
driven by aspects such as strategic considerations on business growth and sus-
tainability, the shape and size of variety portfolios, and a clear focus on the cost 
of financing for the variety development programme and the return on invest-
ment. Therefore, the private sector conducts rigorous analysis on the following 
aspects in making its investment decision:

• The performance and profile of a potential new variety and how it com-
pares with current and alternative new varieties being developed in-house 
or by other organizations.

• The likely scale of sales and profitability, and the crop and market growth 
dynamics.

• All of the costs (both operational and capital) involved with the develop-
ment and launch of the variety.

• Whether the investment needed in a new variety can help to sustain, and 
preferably to grow, the business?

• Whether all of the costs can be remunerated and whether there is an op-
portunity cost, i.e. is there an alternative variety design that would be a 
better investment?

It is common for seed companies in mature and competitive markets to 
replace their existing varieties with newer ones that have incremental bene-
fits and so the investment case addresses not just the value of the new var-
iety but also the degree of competition with the company’s own brands (i.e. 
previously released varieties still in the market). For many crops and coun-
tries of Africa, there is still much scope for modern varieties to displace less 
well-performing landraces without competition with exiting varieties being 
a major consideration (Walker and Alwang, 2015). An exception is maize 
in South Africa and Kenya, where there is high adoption of modern (hybrid) 
maize varieties and much competition between seed companies in releasing 
new varieties.

Discounted cash flow models

There is a range of methods that can be used to make financially based invest-
ment decisions on new product development (Artmann, 2009). Each has ad-
vantages and disadvantages. Agencies such as the Australian GRDC and private 
sector agribusinesses and seed businesses use discounted cash flow models as 
part of building their investment cases.

A key reason why discounted cash flow models are favoured is because 
this valuation method allows direct comparisons of projects with different di-
mensions, economic benefits and costs. For example, it allows a comparison of 
projects with large sales, high costs and many years to delivery with projects on 
a niche crop variety for a small number of farmers that can be registered quickly 
at a low cost (and every variation in between). The method is also used to help 
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make go/no go decisions on individual varieties and as a portfolio tool to help 
rank and prioritize which projects progress within a breeding programme.

The underlying principles of the method are the same for all of the above 
iterations. In the case of plant breeding, some public investors also use dis-
counted cash flow analysis, as well as metrics such as the internal rate of return 
for investment decisions. For example, USAID (the US Agency for International 
Development) uses net present value (NPV) analysis as part of its impact assess-
ment approaches for investments in plant breeding programmes, and favours 
option-based models (Andoseh et al., 2014).

Principles of discounted cash flow models
• Assumption-based models. NPV discounted cash flow models are wholly 

assumption based and the outputs are only as good as the assumptions 
used. In many instances, their core benefit comes from enabling project 
teams to focus on the quality of the input parameters used to generate the 
forecasts, such as seed sales indicating farmer adoption, and R&D costs, as 
well as the collective decision to invest in the programme. The actual NPV, 
once it is positive, is less important than the rigour and quality of the dis-
cussions on key input parameters. Sensitivity analysis to different assump-
tions is usually a contribution to the decision-making process.

• Decision choices. These enable investment decisions on whether to invest 
money in an investment that generates a fixed and reliable interest rate of 
return (and/or the cost of the monies needed) or to invest in a development 
project such as creating and releasing a new variety.

• Value of money. The key premise is that money has a greater value now 
than in the future because of the many risks and uncertainties that may 
arise.

• NPV. Here, a single investment monetary value is generated called a net 
present value or NPV. The NPV takes into account all of the cash flows in-
volved, their timing and the cost of capital/alternative investment interest 
options by using a discount rate. It uses the concept of the time value of 
money, but applies it to all of the cash flows of an investment decision 
(sales in and costs out) and translates them into today’s money.

• Discount rate. The discount rate is used to encapsulate the interest rate of 
return that could be obtained by investing elsewhere and the investment 
risk factors. This discount rate will vary according to the policies of the 
home institution but, typically, for agricultural investments of this type it is 
between 10 and 25%.

• Project prioritization. Any NPV that is positive means that the investment 
creates value. This estimated value is higher than if the money was to be 
invested in an interest-bearing account (assuming that the assumptions 
prove to be correct). The absolute number has meaning, but is often best 
used as a tool for ranking the relative importance of different breeding pro-
ject options. The higher the NPV, the more attractive the investment project.

• Terminal value. This is an estimate of the value of the variety or business at 
the end of the time period of the investment and takes future cash flows 
into account.
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• Total investment value. This is the sum of the NPV and terminal value of 
the new variety.

• Sunk costs. A sunk cost is a cost that has already been incurred, and cannot 
be recovered. In the case of a breeding programme, the sunk costs describe 
the increase in NPV with time during the development timetable to the 
point at which the development budget is spent.

A key principle of investment and the use of discounted cash flow models is 
that they look forward. Once money has been spent, it is no longer relevant to 
an investment decision. The key question is always whether with the facts to 
hand you should spend more money – rather than reflecting on a previously 
made decision. It is human nature to think about the money that you have 
already spent, but this should not cloud future decision making. Cash flow 
models do not include monies that have already been spent; they address the 
time period for investment from now onwards.

Other metrics

There are other metrics that can help in decision making on development in-
vestments. These include calculation of the payback period and the internal 
rate of return, which has already been mentioned.

Payback period
This is the time taken from the start of the investment to when the income 
stream from sales fully covers the development and other costs. The payback 
period can be very short if there is a large market, rapid penetration and a high 
demand for the new variety.

There are many examples of new varieties where the payback period is 
much longer (or is never reached), due to low adoption of the new variety 
by farmers as a result of poor design or lack of seed distribution and sales. 
Sometimes, the development costs are never fully recovered or justified. In all 
cases, there is a time lag between the requirement for financial resources to 
be spent and the money being recovered. Projects that have a shorter payback 
period are likely to be favoured, particularly when programmes have insecure 
longer term funding and investors are seeking quick results.

Internal rate of return
The internal rate of return (IRR) is the discount rate (%) that makes the NPV of 
all the cash flows equal to zero. Usually, the higher the IRR the more desirable 
it is to make the investment.

Public and Private Investment in Plant Breeding

Currently, there is much attention paid by governments and research managers 
around the world on how to attract investment in plant breeding to meet the 
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challenges of food security and poverty. This is especially the case in Africa 
given the lack of national investment in science and technology that has oc-
curred in many countries over past decades (FARA, 2014).

Public–private partnerships are being encouraged and novel investment 
financing models being sought (FAO, 2013) for investment in plant breeding. 
There are other approaches that can be considered as well, all of which are de-
pendent on a remuneration flow back to the breeding investors. In this respect, 
operational seed legislation that allows the ownership and use of germplasm 
through breeders’ rights is a prerequisite.

Australia has an interesting investment model that encourages the private 
sector to invest in the breeding of commodity crops. It uses farmer levies to part 
finance pre-breeding and also has legislation on plant breeders’ rights that en-
ables specific variety royalties to flow back to private companies. For example, 
wheat is a major export crop and economic earner for Australia. However, by 
2000, support for public breeding efforts on a major export crop that generated 
profits for private companies was winding down. The seed companies were not 
able to invest in breeding because they could not recoup their investments. 
In response, an innovative remuneration model was created by changing the 
seed legislation. The remuneration flow is managed as an ‘end point royalty’ 
(EPR) payment that has to be paid as a ‘research’ fee when the crop is sold, 
or as a ‘departure tax’ before exporters can leave international ports (GRDC, 
2011; Jefferies, 2012). This has dramatically changed the shape of investment in 
wheat R&D in Australia and increased the commitment of the private sector to 
the development of new, market-demanded varieties with differentiated cook-
ing quality.

The future of plant breeding and the emergence of the private sector in 
Africa are highly dependent on the decisions taken by governments on seed 
legislation, breeders’ rights, intellectual property and regulation enforcement. 
Without sustainable remuneration systems, the private sector is unlikely to in-
vest in crops other than those where they can create closed-loop systems in 
which growers contract to return harvested seed to the variety owner, or there 
are hybrid seeds that can be sold annually, or technology fees are possible.

Public plant breeding is currently essential to support productivity improve-
ments for most staple food crops and all orphan crops in Africa. However, most 
orphan crops and indigenous African fruits and vegetables are not served by 
even the public sector breeding system. As the seed distribution sector grows in 
African countries, it is to be expected that a similar trend to that seen in OECD 
countries will occur and that private sector investment in plant breeding will 
follow.

Capacity building in Africa is taking place to train breeders to be able to serve 
both the public programmes and the private sector, and hence the need to under-
stand the best practices in investment concepts in both sectors. Often, a starting 
point for the emergence of a local seed company start-up, or for international 
seed companies to open an office in an African country, is the recruitment of a 
breeder or experienced agronomist. This initial step enables access to the deep 
understanding of local breeders about variety performance, seed production, and 
local knowledge of farmers’ practices, their seed supplies and needs.
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Box 7.1. The business case for investment in new variety development.

Purpose: to enable breeders to prepare and communicate to clients, stakeholders and 
potential investors a persuasive business case for investing in a demand-led breeding 
 programme/project to develop market-demanded varieties. The business case includes 
identification of the benefits and costs, and justification for the investment in comparison with 
other approaches.

Educational objectives:

• to enable breeders to create a compelling plant breeding investment proposal by 
understanding the principles of return on investment and whether the investment is 
justified in terms of the economic, social and environmental benefits versus the costs 
involved;

• to demonstrate a detailed understanding of the benefits and costs of the breeding pro-
gramme/project using qualitative and quantitative measures; and

• to communicate and justify a plant breeding programme to management, government 
officials, and public and/or private financial investors.

Key messages

• It is critical to understand who the clients are, how many client group segments there are 
and whether there is a significant return on the proposed investment.

• If there is no significant return on investment, alternative approaches should be con-
sidered.

• Clarity is required on the rationale and justification for proceeding with the breeding pro-
gramme and providing a compelling case for new investment.

• Investment cases are always assumption based, as they depend on the success of the 
project and the future environment. The quality of the case comes from analysing the 
benefits and performance assumptions, while questioning their probability and under-
standing their sensitivity to factors such as farmer adoption, choice of varieties available 
and changing variety costs.

• The creation of a compelling business case that is persuasive to government officials, 
senior management, and public and private investors is critical to securing and retaining 
support for a demand-led breeding programme.

Key questions

• What are the key benefits that the new varieties will provide?
• Who will benefit and how?
• What is the value of the seeds and the size of the seed market?
• What is the value of the new varieties to smallholder farmers?
• What are the maximum adoption rates estimated to be?
• How can plant breeding contribute to the improvement of farmer livelihoods and national 

economic growth?
• How much will the plant breeding programme/project cost?
• How can the use of existing resources be maximized?
• Are there cost efficiencies that can be made?
• Does the number of potential users of the new variety(s) justify the costs involved?
• Are there efficiencies possible in breeding new varieties that may both meet regional 

needs and serve farmers in more than one country, or by creating a breeding network to 
reduce costs or address the lack of breeding capacity in smaller countries?

Continued 
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Demand-led approaches being adopted in breeding programmes can help 
to raise adoption levels providing that they show very close linkages with seed 
systems and how the varieties that are created will reach farmers. Breeders 
need to work closely with both government and emerging private sector seed 
companies towards this goal. This will build the confidence of governments 
and investors, and will create a higher likelihood of investment for the next 
generation of improved varieties.

Learning Methods

Before this chapter concludes, a summary is provided in Box 7.2 of learning 
methods – together with assignment and assessment methods – for use with the 
main topics that have been covered in the chapter: Investment Decisions, Costs 
and Decision Making.

Conclusion

Understanding the value and costs of investing in plant breeding programmes 
is essential. Detailed analysis is required on the merits of each case and of the 
strength and degree of certainty linked to each assumption made.

The best professional breeders and institutional R&D managers from both 
the public and private sectors will spend significant time on understanding the 
context, delivery and relative merits of their new varieties to farmers, the value 
chain and the costs required to run a successful breeding programme. Senior 
breeders and their managers will be communicating regularly with their na-
tional governments and with investors and making the case in favour of their 
own plant breeding programmes using the appropriate economic, social and 
environmental arguments.

Box 7.1. Continued.

• Who are the potential investors?
• What are their interests and expectations?
• To what extent should investor interests be taken into account in the breeding design?
• Will the demand-led approach increase, decrease or not affect the cost of the breeding 

programme?
• What are the alternative options to the products being developed? Are there other ways 

apart from breeding that are quicker, easier, cheaper or more effective for the value 
chain?

• What is the cost–benefit ratio of the proposed programme/project? What alternative 
breeding programme(s) could be considered to deliver the market-demanded var-
ieties?

• What are the financial ways of valuing new varieties?
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Plant breeders and R&D managers will understand various financial terms 
and know how to compare investment cases using both quantitative and quali-
tative measures, as well as using value creation and return on investment as the 
driving concepts. This will involve understanding the scale of return and, at a 
more advanced level, the principles and outputs from cash flow models and 
use of such models to make prioritization decisions on their R&D programmes 
and new variety portfolios.

Resource Materials

The open-resource e-learning materials available for Chapter 7 include: (i) 
Appendix 2, an electronic copy (e-copy) of the Excel-based Breeding Investment 
Tool, ‘Financial Business Case for Breeding Programs’ developed by Syngenta, 
which is further described in Appendix 7.1 of this chapter; and (ii) a set of slides 
available for this chapter as part of Appendix 3 that summarize the chapter 
contents and provide further information. The e-learning material is available 

Box 7.2. Learning methods, and assignment and assessment methods. 

Investment Decisions, Costs and Decision Making

Learning method

• PowerPoint presentation on investment decisions, their benefits and the beneficiaries.
• Group discussion on analysing the full breadth of the benefits and how to quantify 

them, with examples from current breeding programmes on how to quantify benefits.
• A case study of the Australian lentil breeding programme, for a review of how to construct 

a benefits case. Available at: https://grdc.com.au/__data/assets/pdf_file/0027/158373/an-
economic-analysis-of-grdc-investment-in-the-lentil-breeding-program.pdf.pdf

• Group discussion to prepare a template for all costs that could be incurred in a plant 
breeding programme using an example provided by a participant or resource person.

• Group discussion on a case study that identifies the key learning points; group decision 
on whether to proceed with a proposed new breeding project, based on the investment 
case made.

• Using the investment tool to learn and explore some of the principles of developing variety 
development investment cases (see Appendix 7.1).

• Discussion of reference papers on cost efficiencies.

Assignment

• Participants to prepare and present their own variety design and make a compelling busi-
ness case for proceeding with the investment and the subsequent breeding programme. 
The audience/peer review group to wear ‘different hats,’ such as government officials, 
regulators, clients in the value chain, investors and farmers, to test the quality of the con-
tent and presentation of the case.

Assessment

• Investment case for each participant based on their own breeding programme and on a 
written and oral presentation of that assignment.

https://grdc.com.au/__data/assets/pdf_file/0027/158373/an-economic-analysis-of-grdc-investment-in-the-lentil-breeding-program.pdf.pdf
https://grdc.com.au/__data/assets/pdf_file/0027/158373/an-economic-analysis-of-grdc-investment-in-the-lentil-breeding-program.pdf.pdf
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at http://www.cabi.org/openresources/93814 and also on a USB stick that is 
included with this volume.
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Appendix 7.1: Investment Analysis Tool

An e-copy of this investment analysis tool, as Excel-based spreadsheets, is avail-
able as Appendix 2 of the open-resource e-learning material for this volume. The 
e-learning material is available at http://www.cabi.org/openresources/93814 
and also on a USB stick that is included with this volume.

Introduction

Syngenta AG has kindly provided an educational tool that can be used by ex-
perienced breeders to explore some of the key principles of investment analysis. 
The tool is a macro that can be used on any computer that can run Microsoft 
Excel software.

This planning tool provides an opportunity for breeders to think through 
their own projects and the economic justification for proceeding with them or 
not. The tool is to help participants explore the concepts of making the case for 
investment decisions, rather than being able to generate a de novo investment 
case for their own project – which would require adjustments to be made to the 
model and tailored inputs for each case.

The investment tool addresses only economic assumptions. Social, envir-
onmental and other sustainability benefits need to be approached in a comple-
mentary manner, using both qualitative and quantitative measurements. A case 
study for participants would be to seek a methodology to place a value on the 
community and social benefits of new plant varieties, and for these to be in-
corporated into a broader socio-economic model.

How to use the investment tool

The cells in the two Excel spreadsheets are connected with mathematical 
equations. Users are required to insert their own figures, but only in the 
designated areas in the sheets and cells that are marked in yellow. The tool 
assumes there is an ongoing plant breeding programme and that a new var-
iety is being launched in year 1 that will take market share from existing 
varieties. This reflects a typical situation within a private sector company 
with an ongoing business, and also many public breeding programmes that 
are regularly releasing new varieties of the same crop with incremental 
improvements.

http://www.producer.com/2012/02/royalty-fee-based-on-production-attracts-breeders-%E2%80%A9/
http://www.producer.com/2012/02/royalty-fee-based-on-production-attracts-breeders-%E2%80%A9/
http://www.cabi.org/openresources/93814


The Business Case for Investment in New Variety Development 203

Inputs

The inputs required by a breeder for the two spreadsheets are summarized 
below, under Project rationale and Financial metrics.

Project rationale
This development case rationale can either be completed as part of the Excel 
spreadsheet or in a Word document. Addressing these topics in detail will help 
a breeder to create and evaluate their own plant breeding case for investment. 
The information required is as follows:

• Project information and responsibilities
• Project rationale

○ Product concept
○ Business rationale and core advantages and benefits of the new variety
○ Target market (crop and geography)
○ Crop/market dynamics
○ Competitor activities and alternative varieties
○ Variety competition (internal competition within breeding programme)
○ Main risks
○ Risk mitigation

• Other assumptions
○ Gross profit
○ R&D costs

Financial metrics
These are the main inputs that are needed from a breeding team to be included 
to run the model to generate the financial investment case and create the fi-
nancial metrics:

• Discount rate: % (usually a set figure is used by an investor institution 
based on cost of capital and risks)

• Total seed market value: US$ ’000
• Annual market growth rate: %
• Market share of new variety: %
• Annual loss of market share for existing business: % (the new variety re-

places the current one)
• Gross profit of seed (sales less cost of goods/seed production costs): %
• Annual total breeding costs/year: US$ ’000

Outputs

The outputs from the calculations are shown in the summary page of the Excel 
spreadsheet. This displays a range of performance and investment metrics and 
graphs from the development case, as follows:

1. Net present value
2. Terminal value
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3. Sensitivity analysis with two scenarios compared with the base case set of 
assumptions for sales and gross profit of ±20%.

• Sales: base case ±20%
• Gross profit: base case ±20%

 4. Key performance indicators:

• Payback period
• Year of first sales (in this model fixed at year 1)
• Peak sales
• Gross profit
• Total development expense
• Capital expenditure (not included in this model)

 5. Two graphs:

• Sales: showing incremental sales with new variety outselling existing var-
ieties over time

• Development expenditure over time
• Cash flow (discounted at 16% and undiscounted)

Although capital expenditure (e.g. infrastructure costs as opposed to oper-
ational expenditures) is often required to develop and take new varieties to 
market, for the purposes of this example, it is assumed that public breeding 
institutions will not be making these capital expenditures for specific varieties. 
Therefore, capital expenditures have been left out of the model at this time. 
However, there is a place to include these numbers on the spreadsheet, if they 
are relevant to another example.

This summary page of data is used together with the project rationale as the 
basis of a decision on investment. It is a multifaceted decision, and is unlikely 
to rely on any single metric or piece of information. Clearly, the NPV must be 
positive, ideally with a short payback period, a good internal rate of return and 
little internal competition that would reduce the profits from existing varieties 
(i.e. the new variety helps to grow the overall crop business and market share), 
with rapid sales growth/farmer adoption, low development costs and seed pro-
duction costs as feasible, so that the gross profit per unit of seed is high.
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