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Global Partnership Initiative for Plant Breeding Capacity Building (GIPB) 

Framework to Support Building Plant Breeding Capacity for Sustainable Crop Improvement 
Plant Breeding Capacity   
Plant breeding is the engine that powers crop improvement.  Resourceful, sophisticated means of recombination and selection are used along with a combination of time-tested classical and new advanced technology to produce high performing cultivars. Lack of sufficient capacity in the form of skilled personnel, functional infrastructure, operational support, and modern technology greatly constrains the effectiveness and productivity of many plant breeding programs. Consequently, in numerous countries there is a paucity of genetically improved cultivars reliably available for farmers to increase productivity and income and assure food security and well-being of local consumers.  
The GIPB defines plant breeding capacity building as the process of developing and strengthening the skills, abilities, processes and resources that countries and organizations, in both public and private sectors, need to establish and maintain plant breeding programs capable of surviving, adapting, thriving, and serving a fast changing world.  A simple, versatile framework to assess an organization’s [country, company, program(s)] plant breeding capacity and functionality is being developed.  The objective of the framework is to support the design, implementation and management of results-oriented breeding programs and improve the probability of successful outcomes from local, national and international investments. The framework can be used to: 1) Document and communicate the organization, status and operations breeding programs in a seed system network, 2) determine the need for and identify the type of breeding program suitable for an important crop; 3) identify the types and level of capital resources required for initiation and operation of a breeding program, 4) improve functionality and increase probability of successful outcomes from an existing plant breeding system;  and 5) enhance donor confidence that capital investments will result in intended positive outcomes.  The main focus of this framework is on capital resources required for a breeding program. 
Capital Resource Requirements

The human-, tangible-, organizational- and social capital required to meet the resource needs of all elements in a seed system network are important and deserve scrutiny. However,  the scope of this assessment framework is aimed primarily at the capital needs for only a plant breeding program (Table 1).  In addition linkages between the breeding program and other important elements can be evaluated along with factors accompanying those elements that may impact PBC and plant breeding program success, e.g., plant genetic resources and planting materials delivery systems.

	Table 1.  Capacity components required for plant breeding programs.

	     Component
	Component make-up or sub-component

	Human capital 
	Breeders, assistant breeders, technical assistants, etc.

     -their education, training, knowledge, skills, motivation

Scientists from supporting disciplines

Administrators and personnel managers 

	Tangible capital
	Physical facilities 

Program funding (budget) for capital and ongoing operations

Plant genetic resources 

Supporting technology

Scientific information and know-how 

	Organizational capital
	Government and stakeholder mandate

Coordination of plant breeding and seed sector activities

Enabling policy, laws, and regulations

Policy making procedures 

Recurring funding arrangements for program 

Procedures for program management, goal setting & evaluation

Links to internal and external organizations 

Public and private seed delivery systems

	Social capital
	Political, governmental and economic support 

Extended education and outreach 

Bi-directional communication between provider and customers 


Breeding program capacity can be evaluated and strengthened more effectively when viewed as an integral part of this larger network.  Plant breeding program components consist of: 

· Human resources (plant breeders, supporting professionals from other disciplines, technical and support personnel)
· Funding for breeding operations and testing

· Physical facilities for breeding operations and testing,
· Scientific information and know-how for crop improvement, 
· Supporting technology for crop improvement

· Plant genetic resources

These components are part of the human- and tangible capital that support breeding programs along with the organizational- and social capital associated primarily with the supporting elements in the seed systems environments.  Some PBC components are critical for success, but not all are required to the same degree for all crop/country combinations. Each breeding program will have different needs, resources, and opportunities. 
Information provided in Part 1 includes a description and discussion of the operations elements of plant breeding systems and elements of the seed system environments that affect operations and outcomes from a plant breeding program either directly or indirectly.  Also crucial for success are availability and wise use of plant genetic resources and delivery of cultivars developed through breeding into a distribution channel.  Evaluation of available plant genetic resources and functionality of planting material delivery systems should be done especially when those activities are an integrated part of a breeding program.  Even when they are the responsibility of units separate from the breeding program, assessment of the functionality of linkages between the breeding program and plant genetic resources and/or delivery systems may be warranted because they are so important.  

Plant Breeding Capacity Assessment

Capacity assessment is relevant for both publically-supported and privately-funded plant breeding programs.  It can be important for either an ongoing breeding program or for deciding whether to initiate and support a new program.  An assessment exercise can be applied to either a single program or multiple programs dedicated to one crop.  If there is a single program or multiple programs breeding several crops, it is preferable to conduct a separate assessment for each crop.  When a breeding program is developing cultivars for several important target production areas and market needs, the assessment procedures and outcomes should reflect differential requirements for each production area.  

Management Tools for 

Capacity Assessment of Plant Breeding Systems and Connectivity to 

Supporting Elements in the Seed System Environment
The management tools for PBC assessment provided in Part 2 are intended primarily for evaluating the operations elements of a plant breeding system and more specifically a breeding program for a particular crop or group of crops.  These materials are intended for assessment and evaluation of current vs. optimal PBC during program reviews and planning exercises or as a means of self assessment of a breeding program by the breeder(s) and team members.  There may be concerns about whether there are sufficient capital resources in total or whether there are critical insufficiencies of specific components that limit overall program success and therefore should receive priority for upgrading.  Equally important may be assessment of whether there is sufficient capacity to produce new information, applied technology and/or improved cultivars and therefore warrant additional investments in new resources, e.g., more personnel, advanced technology, additional testing capability etc.  When available support is limited, clear understanding of any gaps between available and essential resources should aid in evaluating investment opportunities for both public and private breeding programs.

For an ongoing program, capacity assessment can be part of a periodic evaluation of program performance and the person(s) responsible for program leadership and management.  

· When it appears that expectations are not being met, there also may be questions about whether quantity and quality of critical resources are sufficient for goal attainment.  A program may have been either under-funded from the outset or have not received sufficient support to keep pace with escalating costs sufficient to either meet the needs of clients for new cultivars or capitalize on new information and technology.  

· For programs meeting expected productivity outcomes (cultivars, publications, information, technology, etc.), there may be opportunities to expand the scope and alter goals.  Consequently questions about what additional capacity investments are needed to accommodate the changes and expected return on additional investment become relevant.   

For a proposed new breeding program, capacity assessment provides a documented starting point for determining what resources are available and what are needed initially and for mid- and long-term growth.  

· New breeders with limited experience will have little to go on for setting up breeding operations especially for a crop about which they have little knowledge and familiarity.  Sometimes there are no experienced breeders and researchers close by to provide guidance and suggestions.  

· New hires may be offered a “start-up” support package which is a one time opportunity not to be squandered on resources of limited value for the task at hand.  Sometimes expensive equipment and technology that are alluring but incompatible with breeding program core resource requirements eats up too much of that important package.  

A good capacity assessment can also identify resources in other programs that may be made available to the breeding program on a shared basis, thereby alleviating purchase of expensive equipment that is needed only on a part-time basis.  

Administrators of the organization providing support for a breeding program or of a funding agency from which support is being requested will find capacity assessment helpful in determining how best a program can utilize additional resources and what may be critical gaps limiting program effectiveness and productivity outcomes.

The procedure and methods presented for qualitative and quantitative plant breeding capacity assessment are organized into six modules (Table 2). Even as an experienced breeder, I would have found guidance such to be useful for developing new programs for an array of crops in both the public and private sectors.  Accordingly, templates are provided to guide information gathering and development of outcomes from which action plans with defined milestones, targets and measures of success based on productivity outcomes can be developed. 
One or more module can be used for assessing PBC.  Module 1 should be completed for all assessment since it provides guidance for assembling a team and information needed for other modules.  Because modules 2 through 5 may be used separately, similar general information about the country and crop is required in each module.  Because of this stand-alone concept that information may appear to be redundant when all modules are used.  Unless all requested information is entered, questions in some templates may not become fully operational.
Use of all modules will provide a comprehensive view of PBC when completed fully.  However, there may be situations where completion of only one or more of the modules  will suffice. For example;

· You may wish to evaluate only the current capacity of the human resources component to decide whether certain breeding team positions are optimal or need to be strengthened.  Consequently, proceed to Module 5, and using Template 15 as a guide, determine what is optimal for the program and an appropriate plan of action. 
· Another use might be for a breeder new to a program to determine whether there is sufficient “know-how” capacity in the program to achieve the objectives.  Then proceed to Module 5, and use Template 17 as a guide to assess know-how capacity and determine a plan of action for breeder team enhancement. 
· Still another use might be for the breeding team of an ongoing program to use Template 10, Module 4 to facilitate a review of their goals, objectives, activities and productivity outcomes for either an internal company team or an external review panel.  Using this pick and choose approach, however, requires a tacit assumption that there is sufficient capacity in the other parts of the program and system for overall success.  

Templates are available for guidance and to provide a format for assessment and outcomes.  However the reviewer may wish to use other instruments for gathering, summarizing and presenting information, conclusions outcomes and action plans.  These management tools are not meant to be restrictive, but rather to provide suggestions and check lists for ease of compilation. 

	Table 2.  Summary of procedure for capacity assessment of plant breeding systems and connectivity to supporting elements in the seed system environment.

	Modules
	Templates
	Outcomes

	#
	
	#
	
	#
	

	(*) Indicates no structured materials or template is provided. 

	1
	Preparing for capacity assessment of a plant breeding program.
	1
	Roster of plant breeding capacity (PBC) assessment/evaluation team members
	1                   


	Completed roster of PBC assessment/evaluation team members



	
	
	*
	Information & data for planning and decision making from various relevant sources
	*
	Compiled information and data about the crop in the country/regions served by the breeding program(s).



	
	
	
	
	
	

	2
	Analysis of crop value, delivery systems, breeding programs and unrealized needs for plant materials.
	2
	Types of planting material delivery systems and plant breeding programs providing new cultivars
	2 *
	Recommendation about whether a capacity assessment of an ongoing PB program or planning for a new program IS or IS NOT recommended in order to meet new cultivar demands for the crop/crop group.

	
	
	3
	Crop production, primary production areas, uses of product and estimated value
	
	

	
	
	4

	Estimated amounts of planting materials from different sources; 1) currently available and 2) needed to meet demand in key production areas of country along with estimated need for genetically improved cultivars 
	
	

	

	3
	Scope and intensity of effort required in a plant breeding program to meet the needs for new planting materials of the crop/crop group in key target production areas.
	5
	Percentage of production area planted to crop cultivars from the Breeding Program and other sources, past 5 years.
	3
	Template 8.  Recommended level (type and scope of breeding) of PB program effort required to meet the justified needs for new improved planting materials 

	
	
	6
	Organizational capital support; policy, laws & regulations for seed systems
	
	

	
	
	7
	Social and organizational capital resources.  Bi-directional communication among providers (breeders/distributors), customers (farmers) and consumers.
	
	

	
	
	8
	Check list for estimating scope and intensity of plant breeding program capacity components required for the cultivar needs of the crop.
	
	

	
	
	
	
	
	

	4
	Assessment of plant breeding program activities, accomplishments and opportunities.
	9
	Leading cultivars and new cultivars released from the breeding program.
	4
	Template 13.  New 5- and 10-year program goals to meet crop needs for key production areas.

	
	
	10
	Check list and questionnaire about breeding program goals, objectives and activities.
	
	

	
	
	11
	Key performance traits for new cultivar improvement.
	
	

	
	
	12
	Potential new cultivars from “spill-ins” from other programs.
	
	

	
	
	13
	New 5- and 10-year goals for the breeding program.
	
	

	5
	Identify and evaluate the human and tangible capital assets currently in the PB program components that contribute to PBC.
	14
	Human resources 
	5


	Template 20.  A capacity grid for assessment of sufficiency levels of tangible and human capital.

	
	
	15
	Funding for Breeding Program ongoing operations and testing
	
	

	
	
	16
	Physical facilities required for breeding operations and field testing by the Breeding Program
	
	

	
	
	17
	Scientific information and know-how for crop improvement that is available/used by the Breeding Program
	
	

	
	
	18
	Supporting technology for crop improvement available to/used by the Breeding Program
	
	

	
	
	19
	Plant germplasm and materials located in and available to the Breeding Program
	
	

	
	
	20
	Plant breeding capacity grid for gap analysis of capital capacity components 
	
	

	

	6
	Develop an action plan to provide sufficient PBC is to support program objective attainment.
	21
	Guidelines for a plan of action to attain PBC in support of breeding program objectives.
	6 *
	Plan of action to provide sufficient PBC to support breeding program objectives.


Modules for 
Capacity Assessment of Plant Breeding Systems and Connectivity to 
Supporting Elements in the Seed System Environment
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Summary

This rather detailed account of the seed system network is intended to provide comprehensive information for stakeholders who are assessing what capacity they currently have and what is needed for developing and distributing new, genetically-improved cultivars/ varieties of their most important crop plants.  It is intended for facilitating a gap analysis of what is the current capacity for plant breeding and seed distribution vs. what they feel is optimum to get the job done.  Building plant breeding capacity (PBC) is in part formulaic.  There are PBC components critical for success, but not all are required to the same degree for all crop/country combinations.  Each program will need different resources to capture different opportunities. Unfortunately in some cases, even though some components are necessary, they may not be sufficient alone to guarantee success. 
Ideally, when a breeding program that either was newly initiated or one that has been upgraded is being evaluated and the question is asked, “are farmers obtaining enough seed of genetically improved cultivars, are they growing those cultivars on their farms, do they fit the needs for planting materials and are consumers using their products?” there will be an unequivocal “yes” indicating that the varieties are adapted, they produce well under the prevailing farm conditions, and they are priced so farmers feel they are receiving value commensurate with risk.  That will be a successful breeding program.

We are looking for a “tipping point” such as described by Gladwell, M.  (2000. The Tipping Point.  Little, Brown and Co., New York, NY.  301 pp.) who says, “There are times when we need a convenient shortcut, a way to make a lot out of a little, and that is what Tipping Points, in the end, are all about” (p 256).  So too, I hope these descriptions of what constitute capacity for the essential elements and components of the seed system network will encourage people to seek effective “grass-roots” solutions to what often seem intractable problems.  In doing so, I hope there will be a ‘tipping point’ toward sustainable crop production and food sufficiency especially in the poorest regions of the world.
Acknowledgment

Review of GIPB planning and assessment materials

These GIPB planning and assessment materials, including the templates, have been reviewed in draft form by persons chosen for their experience and practical success in plant breeding.   Reviews were requested from public, private, and NGO-sector breeders; from breeders of agronomic, horticultural, and forest plants; and from breeders working with diverse technologies, in international programs, and in national programs representing differing stages of economic development.  A few reviews were requested from persons knowledgeable in allied disciplines or policies affecting plant breeding.  


The purpose of these independent, ad-hoc reviews was to provide candid and critical comments to assist GIPB in making these materials as useful as possible.   Comments remain confidential to preserve the robustness of the review process.   GIPB wishes to thank the following individuals for contributing thoughtful reviews of these materials: 

Baffour Badu Apraku, International Institute for Tropical Agriculture (IITA)
Stephen Baenziger, University of Nebraska
Marcelo Carena, North Dakota State University
Edward Carey, International Potato Center (CIP)
Anthony Cavalieri, Consultant
Silvia Cianzio, Iowa State University
Donn Cummings, Monsanto
Tim Cupka, AgReliant Genetics
Jeffery Ehlers, University of California--Riverside
David Francis, The Ohio State University
Candice Gardener, USDA Agricultural Research Service
Major Goodman, North Carolina State University
Wayne Hanna, University of Georgia
Peter Hanson, AVRDC – The World Vegetable Center
Michael Havey, USDA Agricultural Research Service
James Hawks, University of Delaware
Randy Johnson, U.S. Forest Service
Julia Kornegay, University of North Carolina
Mauricio Lopes, EMBRAPA, Brazil
Karen Moldenhauer, University of Arkansas

Rita H. Mumm, Illinois Plant Breeding Center, University of Illinois

Gerald Myers, Louisiana State University

Herb Ohm, Purdue University
Linda Pollak, USDA Agricultural Research Service
Mofa Sattar, Consultant
Jay Scott, University of Florida
Shree Singh, University of Idaho
William Tracy, University of Wisconsin
Carmen de Vicente, CIMMYT
Joe de Vries, Alliance for a Green Revolution for Africa (AGRA)

Shyam Singh Yadav, USAID, Afghanistan

Although the reviewers listed above provided constructive insights, comments and suggestions, they were not asked to endorse the materials nor did they see this present revised draft before its circulation.  
The review of the report was coordinated by Ann Marie Thro, National Institute for Food and Agriculture (NIFA), U. S . Dept. of Agriculture (USDA) with the assistance of Kari Perez, American Association for the Advancement of Science (AAAS) Fellow; in collaboration with Clair Hershey, Consultant (now Cassava Program Leader, International Center for Tropical Agriculture (CIAT);  and Chikelu Mba, Officer, and Kahkoli Ghosh, Team Leader, of the Seeds and Plant Genetic Resources Group, Plant Production and Protection Division, Food and Agriculture Organization of the United Nations (FAO).  
All review comments were carefully considered.  Responsibility for the final content of the report rests with the author(s).  
Module 6.  Develop an action plan to provide sufficient PBC is to support program objective attainment.

















Use information gathered in all templates and from other relevant sources








Outcome 6.  Plan of action to provide sufficient PBC to support breeding program objectives. Template 21.
























































Gaps between current  human-, tangible-, organizational- and social capital resources and levels needed for PBC to support program goals, objectives and intended outcomes












































Complete Template 19





Guidance for Module  6





























Information & Data for Planning and Decision-making.  Gather information and data about the crop in the country/regions being served by the breeding program(s) 























































































































Guidance for Module  5

















Germplasm collections and plant materials available to the BP











Complete Template 18








Supporting technology





Complete Template 17








Complete Template 16








Complete Template 15





Complete Template 14





Module 5.  Identify and evaluate the human and tangible capital assets currently in the PB program components that contribute to PBC.





Scientific information & know-how





Physical facilities for operations & field testing





Funding for program operations & testing





Human resources





Assess:  Current capital resources in PB program 





Information & Data for Planning and Decision-making.  Gather information and data about the crop in the country/regions being served by the breeding program(s) 








Exit Module 5





Outcome 5. Capacity grid for assessment of sufficiency levels of tangible and human capital.  Template 20.





Guidance for Module  4





Use Template 5





Assess competition and options for collaboration











Complete Template 12








Complete Template 11








Complete Template 10








Complete Template 9








Use Template 5








Information & Data for Planning and Decision-making.  Gather information and data about the crop in the country/regions being served by the breeding program(s) 








Outcome 4.  New 5- and 10-year program goals to meet crop  needs for key production areas.  Complete Template 13





Consider use of spill-ins for new cultivars 








Prioritize key traits for improvements








Current PB program goals, objectives & checklist of  program activities





Evaluate output of current PB program








Identify important needs for cultivar improvement








Assess:  What is the opportunity for current or new PB program to satisfy needs for planting materials for key production areas.





Module 4. Assessment of plant breeding program activities, accomplishments and opportunities.





Guidance for Module3 





Module 3.  Scope and intensity of effort required in a plant breeding program to meet the needs for new planting materials of the crop/crop group in key target production areas.








Complete Template 7





Complete Template 6





Complete Template 5





Use Template 4





Use Template 3





Outcome 3.  The level of PB program effort required to meet the justified needs for new improved planting materials is determined.  Complete Template 8.





Public/private support for PB program capital needs














Exit Module 3





Resources and support available from various sources





Percentage of production areas planted to cultivars from various sources





Information & Data for Planning and Decision-making.  Gather information and data about the crop in the country/regions being served by the breeding program(s) 








Supply and demand for planting materials; unmet needs by current suppliers, opportunities for PB program.





Crop value and product demand





Type and scope of plant breeding effort required to meet new cultivar demands





Assess:  What is the effort and intensity required in a PB program that will meet the needs for new cultivars of the crop/crop group being assessed in the target markets?





Guidance for Module  2





Outcome 2. Capacity assessment of an ongoing PB program or planning for a new program is or is not recommended in order to meet new cultivar demands for the crop/crop group. 





Evaluate an ongoing PB program





Recommendation 1.





Module 2.  Analysis of crop value, delivery systems, breeding programs and unrealized needs for plant materials.











Complete Template 2





Complete Template 4





Complete Template 3





Amounts of planting materials from different sources, unmet demands and need for new cultivars








Crop value, production and product uses





Types of plant material delivery systems and plant breeding programs





Yes:  Crop requirements for new cultivars are sufficient to warrant further capacity assessment and program evaluation of an ongoing program or a potential new PB program. Continue evaluation and assessment.





No:   Stop assessment and/or discontinue existing program.





Assess:  Does the value, demand and consumer use of the crop justify development of new improved cultivars for target markets?





Information & Data for Planning and Decision-making.  Gather information and data about the crop in the country/regions being served by the breeding program(s) 





Module 1.  Preparing for capacity assessment of a plant breeding program.





Specify Crop





Information & Data for Planning and Decision-making.  Gather information and data about the crop in the country/regions being served by the breeding program(s) 








Assemble and prepare Assessment/Evaluation Team





Guidance for Module 1





Outcome 1.  Complete Template No. 1 - Roster of PBC assessment/evaluation team members.





Exit Module 1





Consider starting a new PB program





Exit Module 2








Low intensity program





Medium intensity program





High intensity program





Exit Module 4





Exit Module 6
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