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20+ Years Working Experience in Research and Development

Market/Value chain-oriented breeding, Genetics and Crops improvement, Genetic resources/stocks 
management, Speed/smart breeding, Seed business & seed system

• Nov 2018-up to date: Pan-African Coordinator Demand/Market-LB (BecA & ABC, Nairobi, Kenya) 

• March 2017-June 2020: Scientist-Molecular Plant breeder (BecA-ILRI Hub)

• Oct 2013-June 2020: Head Molecular Breeding Platform

*Lead breeder-IGGS project (2015-2017)

*Lead breeding facilitator-IBP Hub east, central and southern Africa (2014-2016)

• Oct 2012-Sept 2013: Principal Rice Breeder (CNRA) 

• Nov 1997-Sept 2012: Research Fellow, Research Associate, Visiting scientist, Consultant NAM & RCI 
projects (AfricaRice) 

• Publications: 25+ articles, 2 book chapters, several posters, key note speaker in international 
conferences and fora

• Capacity building: Supervised and mentored  60+ visiting scientists, PhD students and research fellows
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DLB Project: Genesis and the driving questioning

• What’s the adoption rate of modern varieties in Africa, Asia and Latin 
America?

• What do breeders want to achieve as a successful breeder?

• How do breeders measure success in breeding improved crop varieties?

• How breeders can be effective and efficient?



Adoption of Modern Varieties of Food Crops in Africa  

Crop Country 

observati
ons 

Total area 
(ha) 

Adopted 
area (ha) 

% 
MVs 

Soybean 14 1,185,306 1,041,923 89.7 

Maize–WCA 11 9,972,479 6,556,762 65.7 

Wheat 1 1,453,820 850,121 62.5 

Pigeonpea 3 365,901 182,452 49.9 

Maize–ESA 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 

Groundnut 10 6,356,963 1,854,543 29.2 

Bean 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 

Chickpea 3 249,632 37,438 15.0 

Faba bean 2 614,606 85,806 14.0 

Lentils 1 94,946 9,874 10.4 

Sweetpotato 5 1,478,086 102,143 6.9 

Banana 1 915,877 56,784 6.2 

Field peas 1 230,749 3,461 1.5 

Total/weighte
d average 

152 107,721,63
0 

37,469,57
7 

34.78 DIIVA project (2014)

• DIIVA study 2014 shows about 35% adoption
of new varieties, of 20 crops in 30 African
countries over previous 15 years

• Less than the average of 60% new variety
adoption in Asia and 80% in Latin America

• Constraints/issues associated to low adoption

Awareness about the product

Availability of the product

Profitability: product fits for purpose

Poor method for measuring adoption



DLB Project: The Landscape and Definition

• Aim: Make plant breeding in Africa a business more responsive to market
demands.

• Approach: Enabling plant breeders to develop high performing varieties that
meet customer requirements and market demand based on best practices.

• Emphasis: Design and develop new variety and product profiling with inputs
from a broad range of sources (clients, stakeholders, value chain actors and
non-technical experts)



Is Demand-led Breeding a new concept in Plant breeding?

Similarities between DLB and Participatory Plant Breeding (PPB)
• Setting goals

• Objectives

• Generating variability (crosses, landraces, gene bank accessions)

• Selecting and testing experimental varieties

• Variety release and promotion

• Seed multiplication and distribution

Both approaches aim at developing client specific products and increased 
adoption of end products



Demand-led Breeding goes beyond Participatory Plant 
Breeding

Demand-led breeding : Beyond participatory plant Breeding (PPB) 

Highly localised activity  
 

Broader in scope and target large areas or 
agro-ecological zones where the crop can 

be produced at national, regional or global 

levels 
End products are designed to suit 
specific environments 

The key actors in PPB are the farmers 

and the breeders 

Targets all actors in a value chain and 

innovation system  

PPB focuses on local needs, largely in 

subsistence food systems  
 

Emphasizes markets, their demands, trends, 

and uses a broad range of tools such as 
market research, modern product 

promotion tools and 

PPB focuses on local practises and 
harnesses expertise of farmers and 

breeders 

Seeks to combine the best practises from 
both public and private 

Seed distribution in PPB is limited to 

the locality of its operations 

Aims to disseminate seed of new varieties 

widely within national and regional borders 

	

Product profiling



DLB Project main Achievements: From Theory to Practice

Outcomes

* DLB book -The Business of plant breeding

* Train over 400 breeding related scientists which form

the DLB Community of Practice

* Inclusion of DLB in the curriculum of partner

universities (WACCI, ACCI, UoN and Makerere University)

* DLB Product profile tool and Practitioners’ guide.

* Institutionalisation of DLB in key institution (Universities above and
research institutions in Ethiopia)

* Deployment of DLB in public and private institutions through the
PABRA network and corridor



www.demandledbreeding.org

Product profiles and practitioners’ guide handouts 
for partners and DLB CoP 



www.demandledbreeding.org

The DLB “Community of Practice” 

DLB CoP organized by thematic group

http://www.demandledbreeding.org/
mailto:N.Yao@cigar.org


Demand-Led Breeding: Principles and Key Pillars

Demand-led breeding is built on seven core pillars

1 - Visioning and 
Foresight for Setting 

Breeding Goals

2 - Understanding 
Clients

3 - New Variety Design 
and Product Profiling

6 - Monitoring, 
Evaluation and 

Learning

4 - Variety Development 
Strategy and Stage Plan

5 - Making the Case for 
Investments in New 

Variety Development

7 - Return on investment



1. Visioning and foresight for setting breeding goals 

Discuss methodologies to design new varieties that will remain relevant 
and satisfy market demands over time based on the current and past 
trend of the agricultural landscape

Identify drivers (Social, Technological, Environmental, Economical and 
Political) that may affect whether farmers adopt new varieties in the 
future. 

Estimate the predictability of these drivers and build scenarios to 
mitigate the effect 



2. Understanding clients and their needs

To equip breeders with the knowledge and methods to understand:

• Crops and their uses

• Clients, stakeholders and their value chains, their needs, what they prefer
and are prepared to pay for in a new variety

• Importance and principles of market research

• Markets and market segments
• For more information: DLB book –Chapter 3



Fresh Tomato: Value Chain, Uses and Pricing  
Ghana Market Segments

Seed producers/
suppliers

Farmers

Market 
Queens

Retailer

Consumers

Local seed 
producers/farmer saved 

seeds (informal)

1. Hotels & Restaurants
2. Local households
3. Expatriates

1. Open market
2. Roadside grocery
3. Supermarkets

Type:    Large tomatoes
Use:     Fresh sliced, cooking
Pricing:  Economy price

Type:  Cherry (on the vine) 

Use: Salads
Pricing:  Mid-range price

Type:  Mini, amber plum 

Use: Salads and snacking
Pricing: Premium price



3.New variety design and product profiling 

Aim to understand

1. The core method of product profiling to:

- Characterize existing varieties used by farmers; and

- Identify future properties important to clients and stakeholders along
the value chain

2. How to design new varieties and set benchmarks to meet client needs

3. How to prioritize a range of traits using demand-led approaches and make
trade-off decisions

4. How to translate new variety designs into a practical breeding program
with clear goals and objectives (stage gate planning)

More information: DLB Book, Chapters 4&5



Product profile: overview 

• A PP is created for a defined set of beneficiaries (smallholders, consumers etc.) 

• A PP is a technical specification of a new variety using a detailed set of technical
attributes with quantitative measures and qualitative descriptions 

• Product profiling depends on trait prioritization and external performance standards

• PPs are translated into breeding objectives. (Several PPs)

• PP is a communication tool for technical and non-technical audiences to win their 
support

* Donor community
* R&D managers
* Key actors of the value chain

• PP uses product profile capture template



www.demandledbreeding.org

Product profile capture template: 
Client and market



www.demandledbreeding.org

Product Profile capture template: 
Technical specifications of the variety



Trait Prioritization: The underlining principle
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Technical feasibility

1. Genetics

2. Regulation 
constraints

3. Costs/budget

• Market evaluation for each 
trait has two dimensions

1. Differentiation

• Willingness to  pay 
price premium

• Opportunity to 
grow market share

2. Market demand

• % growers/area that 
need this trait
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Trait Prioritization: Case study



✓ Through multi stakeholder platforms (Business Innovation Platforms & Rwanda bean alliance), traits

were prioritised

Traits priotirization and gender inclusion in product
development



4. Variety development strategy and stage plan

Variety development strategy and stage plan consist of: 

• Constructing a high quality, well-documented breeding strategy and a
development stage plan

• Enabling good governance, rigorous decision-making

• Planning activity within the breeding project

• Ensuring stakeholder engagement and involvement at key decision points:

* The design, development and release of new varieties

* Enabling new varieties to reach farmers

* Provide feedback on product performance and farmer adoption 



Demand-led Breeding Stage Plan 

Discovery

Early 
Development

Discovery
Proof of 
Concept

Late 
Development

Pre-
Commercial

Commercial DiscontinueVariety 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 

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

Launch 
Rapid Growth

Peak Sales
Sales Decline

Stop sales
Elimination of 

inventory 

Breeding & Selection Product Evaluation 

and Scale-up

Life Cycle Management

Investment
Decision

Initiation of research on 
germplasm aligned to 
the product concept

Commercial
Candidates 

selected 
requiring 

characterization, scaling-
up and  regulatory 

approval

Product
Launch 

of specific 
products in 

specific market 
segments

Product 
discontinuation

Products that have 
completed 

discontinuation 
activities,  and stock 

removed from 
inventories  

Product concept

Key Stage Gate 
decision point 

Stage Stage activities
Phase Modified version of

Syngenta Seeds stage plan  

Line progression decisions



Example: Developing a Small White Pea Bean Variety in 
Zimbabwe

Discovery

Early 
Development

Discovery Proof of Concept Late 
Development Pre-Commercial Commercial DiscontinueVariety Design A C D E F G HB

1. Market demands  
baked bean
2. Product profile: 
small white canning 
bean
3. Investment case:  
Industry requires 360 
tons/yr

Identify traits:
1. Colour – white
2. Seed size: 18 g
3. Disease resistance: 
< 3
4. Drought resistance
5. Canning quality: 
(HC > 1.7 and 
PWDWT > 60%)

Line Development:  
Identify parent lines
Generate segregating 
populations – these  
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 
and select 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 & Selection Product Evaluation 

and Scale-up

Life Cycle Management

Investment
Decision

Initiation of research 
on germplasm aligned 

to the product 
concept

Commercial
Candidates 

selected 
requiring characterization, 
scaling-up and  regulatory 

approval

Product
Launch 

of specific products in 
specific market 

segments

Product 
discontinuation

Products that have 
completed 

discontinuation 
activities,  and stock 

removed from 
inventories  

Product concept

Key Stage Gate 
decision point 

Stage
Stage activitiesPhase

Modified version of
Syngenta Seeds stage plan  

Line progression decisions



Critical Path Analysis Diagram with Risk Dependencies 

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

• Understand the timelines and associated 
costs to develop and register a new 
variety. 

• Clear understanding about critical paths 
and approaches to risk reduction.

• Develop risk mitigation strategies. 

• Understand costs and rewards associated 
with risks.

• Critical path analysis and pro-active risk 
management will  help to develop new 
varieties in a timely and cost-effective 
manner. 



Timeline and critical path: Developing a new drought tolerant and micronutrient 
dense sugar bean variety with resistance to ALS and BCMV diseases in Zimbabwe 

ACTIVITY
TIME FRAME (Years)

Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10

1. Make crosses (A -Sugar bean) x (B -drought and high Zn);  (C - ALS ) x (D - BCMV and high Fe) to get F1 seeds for single 
and double crosses in the greenhouse (breeder)

2. Plant the 4-way F1 seeds in the field under controlled conditions to generate as much seed as possible at F2 generation 
under rainfed and generate F3s under irrigation (breeder)

3. Plant F3s in a hotspot for ALS and BCMV, select plants with desirable target traits to produce F4 seeds, plant the F4s 
under irrigation to get F5 seeds (breeder and collaborating partners or stakeholders, depending on traits of interest)

4. Evaluate F5 lines in a single row nursery, select best lines for grain type and yield, but also for ALS and BCMV, while 
increasing seed for the next season, plant F6s to screen under drought, and also to generate F7 seeds, sample some plants 
from promising rows and harvest the seeds separately for mineral content analysis (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), select the best lines for yield, diseases resistance and grain type (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 (Designated DUS 
testing unit)

9. Submit to Variety Release Committee (VRC) for variety release and registration (Breeder and variety release committee) 



• Monitoring is a continuous observation and checking procedure on the 
progress of on-going breeding activities. 

• Compares progress of activities against milestones and timelines for 
decisions in the stage plan 

• Compares estimated and actual costs of the project against its approved 
budget 

• The purposes of monitoring are: 
• To support reaching the milestones and targets set for the project in a timely manner; 

• To determine if corrective action is required to solve emerging problems or any delays; 

• To identify improvements that need to made to the stage plan. 

5. Monitoring, evaluation and learning 



Critical evaluation needs to be undertaken to support investment and 
progression decisions: 

• Investment decision: Decision to start a breeding project and invest in 
creating a new variety, based on a demand-driven product profile 

• Commercial candidates: Deciding on lead lines to be developed and 
scaled up

• New variety release

• Post-launch adoption and impact assessment. 

5. Monitoring, evaluation and learning 



• Learning is an important aspect of a breeding project that is often 
overlooked. 

• Success stories/case studies are important communication tools to share 
learning and impacts amongst breeders, clients, investors and value chain 
actors

• Case studies provide a medium for understanding and acting on knowledge 
gained and lessons learned 

5. Monitoring, evaluation and learning 



6. Making the business case for investment in new variety 
development 

• Changing perception of breeding as a cost to breeding as an investment
that gives a return

• Plant breeding brings benefits to many people including farmers,
consumers and other actors in the value chain

• Plant breeding brings economic, social and environmental benefits

• Pitching successfully a promising variety to different audiences



Beneficiary Specific benefit Benefit consequence Benefit type
Quantification 
units

Farmers

Greater yield
Farmer income, Shift from subsistence 
farming to entering markets, Business 
growth, Can afford education for child

Economic USD

Earlier or later cropping (than vs. main 
season) 

Higher prices (as less supply) Economic USD

Improved crop quality Higher price, more customers Economic USD
Improved plant architecture Easier harvesting

Time saving
Economic USD

Seed producers
Greater seed yield, Higher productivity 
per
area grown

Farmer income, Unit costs are less.
More competitive price to 
distributors

Economic USD/person hours

Transporters
Less damage in 
transit

Cost saving Economic USD

Wholesalers Improved shelf-life Cost saving Economic USD

Food processing companies
Source from local farmers rather 
than imports

Cost saving
Reliable supply

Economic, Logistics USD

Food retailers/
Supermarkets

Good varieties and sourcing from 
local smallholders

Freshness and higher prices 
Differentiation and fair trade brands

Improved shelf-life Loss of wastage and costs

Consumers
Easier preparation Time saving Economic, Social USD

Shorter cooking time Energy saving
Economic
Social

USD

Public investors 
Governments , 
International dev. 
agencies)

Deliver their mandate, Support balance 
of payments, Economic development, 
Farmer livelihoods

Economic development, Continued 
funding for plant breeding projects and 
support for innovation and science

Economic, Social USD



Catalyzing Investment and job creation for youth along the 
bean value chains

Source



• Major Products
• Farmer preferred and market demand 

varieties  
• Evidence based studies/business case 

development 
• Improved agronomic practices /inputs 
• Skills and knowledge enhancement 
• Expanded the  public and private sector 

partnerships
• Institutional innovations (corridors, 

platforms, digital agriculture solutions) 
• Wide scale exposure

Achievements to date since 2015
• 230 small medium enterprises (30% women and youth) 

• 84 seed enterprises 

• 55 grain export and trading firms (3.9 million tons 
traded 

• 28 processors (8 canned, 5 precooked, 15 bean 
flour)

• 15 input and services providers

• >100 grain production 
groups/cooperatives/enterprises

• 45,000 tons certified seed produced and marketed  
across 20 PABRA member countries in 2020 

• Productivity increase in several countries 
• Ethiopia from 0.5 tons (2004)  to 1.7/ha  tons (2018)

• Uganda  from  0.7 tons  (2004) to 1.6 /ha tons (2018) 

• Burundi  from 0.6 tons (2010)  to 1.4 /hatons (2019) 

Impact: DLB Approach unleashing private enterprise 
development through partnership



Linkage of Best in Rwanda Group Ltd (BRG) with National 
Research (Rwanda Agricultural Board)

Step A: BRG identifies the  market demanded  
bean type/ variety;

Step B: BRG checks  on the National Bean
Program  (Under RAB) for  seeds 
availability and adaptability  within 
their specific producing area;

Step C: RAB recommends BRG to Certified Seeds 
producers , these  procures basic seeds
from RAB and BRG links Seed producers
to Farmer cooperatives;

Step D: Farmer cooperatives sign supply
contracts with BRG; RAB supervise 
and checks on progress. 

• Started its operations in March 2018 

• Objective: Exporting premium grade 
dry beans to regional and 
international markets. 

• 9 staff members and 30  casual 
workers (28 women and 3 men). 

• Target market: Oman, France and 
Belgium (under “Nzuri Beans” brand.)  

• Vision: To be the preferred exporter 
for premium grade dry beans for 
regional and international markets”.



RAB Bean Breeding Program linkages to International partners

Activity Collaborating Partner

Trait Discovery Michigan State University (USAID, USDA-NIFA); 
BecA ILRI, Alliance-PABRA, UC-Davis, ACIAR

Molecular breeding KirkHouse Trust Foundation, ACIAR, BecA-ILRI 
Hub

Conventional breeding, variety development, 
seed production, and dissemination

Alliance-PABRA (ECABREN), AGRA, Harvest 
Plus, ACIAR, Syngenta Foundation (SFSA)

Capacity building Alliance-PABRA (ECABREN), AGRA, ROFORUM, 
Kirkhouse Trust, Michigan State, UC-Davis



3 hours to thresh 90 kg of beans by hand

Huge Impact, On time, 

labor, and productivity for
smallholders

*Does 9 Varieties Crops

*75x faster than a Traditional 
Methods (20 min to thresh 
90 kg of beans.

*Portable on Motorcycle

Basic agricultural mechanization making hugh impact

BAG FILLING AND STITCHING MACHINE



Benefits of the DLB Approach to Education and Research 
Institutions (WAVE?)

Adopting/implementing the DLB approach will/may:

• Improve activities implementation/feasibility and links among the 
institution network 

• Ensure sustainability by strong resource mobilisation and income 
generation

• Strengthen the institution’s capacity building program toward an end to 
end product delivery

• Increase/favor public private partnerships

• Contribute efficiently to the design and the implementation of the 
institution theory of change



Challenges of Demand-Led Approaches

Main risks include:

• Reliable source of information and failure to prediction

• Time involved in linking up with all the actors in the value chain

• Various and new skills to learnt 

• Unfavourable political and policy environments

• Depends on continued willingness of actors in a value chain to 
collaborate with breeders 



Take home message: Business vs employment

• Breeding in Developing countries breeding programs should aim to
make plant breeding a business more responsive to market demands
and DLB approach can help on that

• Breeding making Impact: Products create the economic, social and
environmental impact at the individual, household and community level
that was defined in the benefits case used to justify the investment in
the breeding project

• There is a necessary paradigm shift from PPB to DLB moving from
farmer participatory breeding approaches to inclusivity of all the key
stakeholders in the value chain



Take home message: 
Breeder not just leading crossing or selection programmes 

Be a champion

• Be very clear on who are the customers and what factors influence their 
buying decisions on purchasing seed and the products of new varieties.

• Understand customers needs as central consideration to new variety design

• Breeder must be an integrator of information from a broad range of 
sources, including non-technical experts
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