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Forward
As the title “Global Partnership Initiative for Plant Breeding Capacity Building (GIPB)” suggests, capacity in general and plant breeding capacity in particular are of central importance.  Furthermore, the overall aim is to “build capacity”.  As the program began to take shape, we talked extensively about lack of capacity, sufficient capacity, optimum capacity, capacity components, infrastructure needs etc.  Although most people know in general what these words mean, we began to realize that plant breeding capacity (PBC) has different meanings to different people.  As we discussed goals such as achieving sufficient capacity, we felt that in order to know when milestones were met and goals reached, a clear definition of what are the components of plant breeding capacity was needed.  Only then would it be possible to assess the current capacity state of a breeding program and compare that with what invested stakeholders and expert advisors deem to be sufficient or optimal for crop improvement in a particular country setting.  With this at hand, a plan of action to build capacity can be developed that defines resource needs and incorporates milestones and achievable goals, with an expected outcome of a functional plant breeding program producing new cultivars that actually meet farmers’ needs.  

The general definition of plant breeding capacity building used by the GIPB is quoted in the Introduction.  This report is intended to expand and clarify that definition by providing details about the contents of a plant breeding program and defining what I believe are capacity needs for success.  With that at hand, a procedure for systematically capturing that information and making a gap analysis of what is needed vs. what is present is provided.  Suggestions are presented for developing an action plan to achieve a level of PBC based on each different country/crop situation set in a local context of the resources needed to develop, distribute genetically improved crop cultivars that are adapted to local conditions.

The components of a breeding program and the resources and infrastructure that constitute capacity are what I have come to believe are needed in most breeding programs in varying degrees.  These ideas are based on nearly 50 years experience as a plant breeder working with agronomic and horticultural crops in the public and private sectors and in several countries, with a range of available resources.  To supplement my knowledge and experience I had expected to find helpful sources of published information, but that has not been the case.  I found that most plant breeding texts deal with theory and practice of breeding along with the science and technology for implementation.  Rarely is much time and space given to program resources needed for a successful program and to program management.  I realized, somewhat belatedly, that I too had not emphasized these critical activities nearly enough during the 30+ years I was teaching plant breeding and guiding students at the University of Wisconsin-Madison and UC Davis.  I hope this report not only provides support for capacity building in ongoing programs around the world, but also is a source of information for a curriculum component in plant breeding education programs. 

I am especially grateful for support provided from the GIPB, ideas and encouragement throughout by Elcio Guimaraes, Clair Hershey, Mauricio Lopes and Ann Marie Thro.  John Lynam, Howard Elliot and Elon Gilbert graciously shared their knowledge, experience and insight about economic dimensions of plant breeding, an appreciation I did not have, even when they were busy with pilot studies in Asia, Africa and South America. 
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AGRA – Alliance for a Green Revolution in Africa
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CPB – Commercial plant breeding

DANIDA – Danish International Development Agency
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Nations

FB – Farmer breeding

FS – Foundation seed

FSS – Farmer saved seed

FTE – Full time equivalent

GIPB - Global Partnership Initiative for Plant Breeding Capacity Building
IARC – International Agricultural Research Centers

IP – Intellectual property

MAB – Marker-assisted breeding

NARS – National Agricultural Research System

NGO – Non-governmental organization

PASS - Program for Africa’s Seeds Systems 

PBC – Plant breeding capacity 

PBBC – Plant breeding and biotechnology capacity 

PBS – Plant breeding system

PGRFA – Plant Genetic Resources for Food and Agriculture   

PO – Productivity outcome, e.g., a new cultivar from a breeding program 

PSPB – Public sector plant breeding

PPB – Participatory plant breeding

R&D – Research and development

S-population – Selection population

What is Plant Breeding?

Introduction

Plant breeding is the engine that powers crop improvement, the foundations of which were laid with the earliest results of selection in wild populations by hunter-gatherers that gave rise to crop domestication.  Today, crop improvement spans the spectrum from use of wild relatives for new genetic variation to farmer-derived landraces to high performing cultivars developed through sophisticated means of recombination and selection using advanced technology.  Sustainable crop improvement is necessary to meet expanding demands and expectations of a growing global population.  To satisfy those demands requires effective and efficient use of modern science and technology by breeders working in concert with scientists in other life sciences, farmers, seed purveyors and consumers to produce new cultivars that are effectively delivered into the market place.

Productive plant breeding programs require adequate capacity in order to meet attainable goals and outcomes.  Studies have shown that for many developing countries there are too few improved cultivars available to farmers to meet demands for food security.  Much of that is due to lack of crop improvement and/or poorly functioning seed systems that do not connect effective use of plant genetic resources with breeding and breeding with seed increase, distribution and delivery to farmers.  This document is about understanding what are the capacity needs of the seed system, especially what constitutes plant breeding capacity (PBC), how to determine current capacity, and then how to build adequate capacity for many different crops and country situations.  

“Plant breeding capacity building is defined by the GIPB in a broad sense as the process of developing and strengthening the skills, abilities, processes and resources that countries and organizations need to establish and maintain plant breeding programs capable of surviving, adapting, and thriving in a fast changing world.”  

For GIPB, capacity building at the professional level refers to activities that improve the plant breeder’s ability to define his/her goals or to do his/her work in more effective ways. Professional level capacity building is targeted to improve technical abilities, leadership, advocacy skills, communication abilities, organizing skills, and other areas of personal and professional development.

At the institutional and organizational level, GIPB considers that capacity building must be targeted to improve governance, leadership, mission and strategy 
definition, program development and implementation, partnerships and collaboration, advocacy and policy change, monitoring and evaluation, among other activities and functions that may enhance the organization capacity to develop or support successful breeding programs.

As a global platform dedicated to enhancing plant breeding capacity at country, regional and global levels, as well as in promoting interaction and synergy with other sectors and complementary functions, GIPB also considers capacity across regions, countries and organizations. GIPB activities will necessarily involve individuals and groups of individuals, organizations, groups of organizations and networks within the plant breeding and related fields, in different countries and regions.” (Source:  Global Partnership Initiative for Plant Breeding Capacity Building. Business Plan 2009-2013, Edited 2008. p 27).

Breeding Program Organization to Support Crop Improvement

Lack of sufficient capacity including well prepared personnel, functioning infrastructure, program support for operations, know-how and modern technology limits the productivity of many plant breeding programs.  Consequently few genetically improved crop cultivars that can contribute to increased productivity, food security and more income reach growers.  This describes in some detail components of plant breeding programs and how plant breeding relies on plant genetic resources and provides improved seeds for distribution to farmers through public and private organizations and businesses.

Types of crop improvement 

Because planting materials are essential for crop production, farmers have devised ways to assure that they have enough seeds or vegetative cuttings from one growing season to another, barring disaster.  Their supplies are usually sufficient for subsistence, but when families want to substantially increase productivity for greater food sufficiency or generate more income, greater access to genetically-improved planting materials becomes important.  While farmer-driven crop selection over many years has produced landrace cultivars well-adapted to local environments and their basic needs, accelerated genetic improvement to meet pressing short- and medium term demands requires managed breeding programs supported by adequate resources and appropriate technology. 

Plant breeding is the most prominent means of crop improvement.  In varying ways it has a central role in commercial plant breeding (CPB), public sector plant breeding (PSPB), participatory plant breeding (PPB) and farmer breeding (FB).  Farmers play an important role through several avenues that include saving seeds for planting from one season to the next during which they may select for important traits, providing information and feedback on new selections during field days, and as participants in interactive programs along with professional plant breeders.  Donor gifts from NGO’s and similar organizations also contribute to crop improvement in some cases by distributing quality planting materials.  Organized programs that include scientific breeding occur in both the public and private sectors.  

	Table 1.  Location, focus and use of different types of crop improvement.

	Type of crop improvement

	Location, focus and use

	Commercial plant breeding (CPB
	Local/regional/multi-national

	Public sector plant breeding (PSPB)
	National and state programs, universities

	Participatory plant breeding (PPB)
	PSPB-farmer interactive

	Farmer breeding (FB)
	Farmer improved for own use/trading

	Farmer-Saved seed (FSS)
	Without improvement; own use/trading

	Donor gifts (DG)
	Free distribution to farmers


	Table 2.  Ownership of different types of crop improvement.

	Type of crop improvement
	Private 
	Public

	CPB
	xxxxx
	xx

	PSPB
	
	xxxxx

	PPB
	                               xxxxx
	xxxxx

	FB
	xxxxx
	

	FSS
	xxxxx
	

	DG
	xxxxx
	xx


It is important to recognize how different types of crop improvement activities affect the amount and type of genetic improvement likely to accrue when best practices are followed and optimal support provided as well as whether farmers are likely to adopt the resulting varieties.  For example with farmer-saved seed (FSS) there is little if any

	Table 3.  Scientific base, expected genetic gain (improvement) and likely adoption by farmers of cultivars from different types of crop improvement.

	Type of crop improvement
	Science driven
	Expected genetic gain
	Likely adoption of cultivars by farmers

	CPB
	All
	High
	Maybe

	PSPB
	All
	High
	Maybe

	PPB
	Most
	Med.-high
	Probable

	FB
	some
	Limited
	Yes

	FSS
	Little
	Little
	Yes

	DG
	Maybe
	Little
	Maybe


genetic gain expected from one cycle to the next, but the seed will most likely to be used directly by farmers because it is adapted to their farms and they are familiar with its traits and performance. By contrast, for CPB by seed companies and PSPB at national and state programs and universities, new varieties are expected to provide genetic improvement, but farmers may not readily adopt new cultivars until they are familiar with their attributes and convinced that returns from growing them will out-weight perceived risk and justify the cost of new seed.  This usually requires several seasons (years) of testing and demonstration, then farmer evaluation and acceptance.

The different types or approaches to crop improvement, especially when science-based plant breeding is employed, require different plant breeding program components for which there must be capacity and support for the activities in order to be successful.  The plant breeding activities that require management and support of critical components are similar in most breeding programs and include: 

· Understanding genetic variability & identifying useful genotypes 

· Parental selection

· Commercial cycle

-Crossing to make genetically-variable selection (S) populations

-Selection in S-populations

-Evaluation of elite selections as parents of new cultivars or for intercrossing to         

    make new S-populations

-Evaluation of experimental cultivars in target commercial environments

-Deployment of new cultivars to farmers

· Managing commercial cultivars as Intellectual Property

PSPB and CPB programs have similar components and infrastructure needs for plant breeding capacity (PBC) when the focus is solely on development and distribution of new cultivars.  In private seed companies usually cultivar development is the goal and there is limited emphasis on breeding research except for short term projects that contribute directly to cultivar development.  By contrast, PSPB programs often (or usually) include a substantial component of “breeding research” that may or may not contribute much to development and distribution of cultivars acceptable to farmers, at least in the short term.

This is not to suggest that plant breeding research should be neglected, but rather that it should not be equated to cultivar development and distribution.  Successful cultivar development is demanding and requires full attention along with sufficient funding and support. It should not be marginalized as a secondary outcome or assumed to be a given consequence of good research.  Pre-breeding also has gained considerable attention and rightly so, because it is important to develop plant populations that are genetically enhanced and ready for use in a breeding program.  However, pre-breeding does not substitute for cultivar development and unless there is a functional breeding program(s) to utilize the improved materials, it too, is of limited value for crop improvement where farmers are in dire need of productive, new crop varieties.  Ideally it is integrated into the overall breeding program or part of germplasm evaluation and enhancement which also is closely coordinated with a breeding program.  

Too often, breeding program success is judged not by the new cultivars produced along with impact (grower performance and adoption) but other measures such as published papers on topics of limited importance to the task at hand, that being new cultivar adoption.  Goals and rewards invariably influence performance and output, so it is not surprising when publications outnumber new cultivars in programs with multiple, overlapping goals.  Another detriment is when funding in the form of competitive grants for “research” of short duration and unpredictable continuity is provided for a plant breeding program charged with cultivar development.  That form of program “support” is almost certain to doom a cultivar-oriented program because of lack of continuity.

The relative importance of crops differs in each country and there are plant-specific biological differences, e.g., maize vs. sweet potatoes, that will greatly affect the structure and function of breeding programs.  Each breeding team and supporting community of practice will need to determine how available resources can best be allocated to achieve a level of capacity sufficient to support a breeding program that can contribute to a functional seed system and meet the needs of farmers and end users.  Each program component should have sufficient capacity to support activities necessary for the program to succeed in producing new, high-performing cultivars that meet the needs of the country’s agricultural sector.  If in the final analysis, there are simply insufficient funds and other support for essential breeding program components at a minimal level for success, implementation of a breeding program should be delayed or foregone.

Plant Breeding Systems – Operations Elements
Plant genetic resources

Plant genetic resources include the broad spectrum of plant materials maintained in in situ and ex situ collections in the country and externally, the landrace cultivars and indigenous materials maintained by farmers and others as part of the national heritage and seed being delivered to the farmers by various means.  Regardless of how crop improvement is being done, access to plant genetic resources is indispensable.  These materials are essential to a functional seed system for use in breeding and research to support crop improvement as well as by farmers for each season’s crop production.  

As parts of a larger agro-eco system, the country-wide seed system and PGRFA gene bank systems both internal and external to the country should be regarded as integral components of crop improvement to assure that; 1) new genetic variability is accessible for testing and use in breeding programs and 2) locally-adapted landraces and farmers’ materials are placed in gene banks for ex-situ conservation to prevent costly, deleterious genetic erosion and potential use to replace farmers’ planting stocks in times of disaster. 

External plant germplasm collections.  Each breeding program should be aware of and have access to materials held in the large, comprehensive collections globally, and able to take advantage of the opportunities those collections provide.  Lists of plant germplasm collections can be found at: www.bioversityinternational.org.  After entering the site, enter “list of plant germplasm databases” in the search window and follow the results list. 
For the major crops, there are collections at the IARC’s and national and regional gene banks that provide access to several thousand accessions.  Most likely a breeder will be actively using only a small percentage of the available accessions at any one time.  However, as collections become more completely characterized with molecular markers and comprehensive phenotypic descriptions, they will become a more valuable source of new variability for the active breeding program.

Regional and in-country collections.  Currently, most countries have internal germplasm collections of the important crop plants and some of their relatives, especially for the crops and related species indigenous to the area.  Often the collections are managed by government entities other than the breeding program, so it is important to establish good communication and working agreements among breeders and germplasm curators to foster greater use of the accessions for crop improvement.

Commercial cultivars and farmer planting materials in the delivery systems. 
There is heightened risk of either severe food shortages or complete crop failures when farmers have insufficient planting materials (seeds or vegetative propagules) at critical planting times.  In the absence of or to complement systems for seed exchange, each household often places high priority on saving planting materials from one planting season until the next.  This provides some assurance of continuing accessibility to cultivars with known attributes and local adaptability, but there is always risk that the planting materials may be lost due to insect and animal damage if not stored properly or deterioration from environment usually high temperatures and humidity.  In addition to being a lifeline for the farmers, these materials are important sources of genetic variability for breeding programs. 

Seeds saved and maintained by farmers are a valuable part of the seed system, therefore it is important to provide farmers with information that can help them retain better planting materials, e.g., optimum storage, seed treatment of saved seed to improve viability and provide protection at planting, ways to improve selection for desired traits while choosing materials from the field, etc.  Also, what can be learned about farmers’ seeds often provides valuable information and lessons to breeders that can improve selection efficiency and likelihood of success of new, bred cultivars.  So too, the best farmers may be prime candidates for on-farm trials and participatory plant breeding as partners in a breeding program, and for increase and distribution of planting materials.

Too often the planting materials retained by farmers for their on-going need are overlooked as an important germplasm resource and sometimes not included in any ex situ collections until the material become endangered.  Whenever possible it should be recognized and catalogued to assure that it is not lost.  These materials which are often the best adapted to local conditions and needs should be used in the organized breeding programs as parents and sources of useful genetic variability whenever possible.

In many seed systems, the well-known named commercial cultivars serve as a primary source of breeding materials. A breeder can develop new cultivars either by selecting within variable populations, inbreeding hybrids and selecting for new genetic combinations that become new lines and parents, or using them as donors for important genes.  Of course the use of commercial materials for breeding by someone other than the owner depends on whether they are legally available or are protected as intellectual property (IP).  In those cases, it may be possible to gain access to genetic materials through licensing or other means.  Thus the laws, regulations and other policies in place in each country can have pronounced effects on not only importation, sales and use but also the germplasm available for crop improvement through breeding and selection.

Spill-in and Spill-over: Transfer of plant materials, information and technology.
This document is primarily about building PBC that will enable local breeding programs to deliver new, genetically-improved planting materials produced by hybridization, selection, line development and testing of parents and hybrids.  However, the value of spill-over from other programs should be fully considered as a valuable resource not be overlooked or minimized.  “The terms ‘spill-in’, ‘spill-out’, ‘spillover’ are different names for technological transfer depending on the context. A research program generates spill-in if seen from the viewpoint of the receiving sector, spill-out (spillover) if seen from the producing sector” (Esposti, 2002).
There are few if any plant breeding programs, or more broadly seed systems that do not benefit in some way from spill-ins and technology transfer.  Indeed it is prudent to place early emphasis on improving capacity components that allow or facilitate the use of spill-ins as much as possible.  When there are varieties or nearly-finished lines available from outside sources that fit farmers’ needs, that is one of the quickest ways to provide new materials with minimal cost.  In order to capitalize on spill-ins, a high priority for capacity improvement will be: 1) Bi-directional communication between providers and customers to learn their needs and 2) testing and evaluation plant materials in field trials.            Nearly concurrent with those capabilities will be; 3) the ability to move plant materials and seeds internally and internationally, and 4) systems in either or both the public and private sectors to deliver improved planting materials to farmers.  Without sufficient capacity for these four critical activities, it is difficult to receive materials for evaluation and evaluate them under conditions familiar to farmers, and if varieties are found, to deliver seed or planting materials in a timely manner, in sufficient quantity and at a fair price.  If there is insufficient capacity and support for these four high priority activities, it is fair to question, “why invest in more long-term, capital intensive activities such as breeding activities that entail identifying parents, making crosses, evaluating progenies, developing varieties, etc.”  

A strategy worth considering might be to forego early investing in more resource-intensive breeding programs but rather build a program of crop improvement around identifying materials from outside sources (spill-ins) that can meet farmers’ needs.    Additionally, it may be a better way to begin an improvement program that can be expanded later into a more comprehensive breeding program with the necessary components.  Also this could be a viable alternative for valuable crops that may not the most important for food security and for which there simply aren’t enough funds for a comprehensive breeding program.  The four primary activities are required for not only an opportunistic “spill-in-based” approach but also a comprehensive breeding program. Assuring adequate capacity for these activities will allow a flexible strategy and approach to functionality. 

Plant materials in the breeding program.  The plant materials discussed in this section are part of the core breeding program and an essential capacity component of tangible capital for success.  Logically they are a breeding program component and could just as well be included in the next chapter.  Functionally they may be part of both plant germplasm collections and the breeding program.  The “working or active” breeding materials should include the following:

· Core collections or core sets from larger internal and external comprehensive collections of germplasm related to the target crops.

· Samples of all cultivars commonly grown by farmers in the target production 

regions of the country.  These may include landrace cultivars, other materials developed by farmers and available in the markets, bred cultivars released by various public agencies, and when possible commercial cultivars being sold by seed companies and distributors to the growers.  Depending on whether these materials are “protected intellectual property” and the extent to which they are available for breeding, they may be used as parents for crosses to create genetically-variable selection (S) populations and/or grown as checks in various performance trials used to evaluate potential new cultivars from either the breeding program or external sources. 

· Selection (S) populations that have been made by hybridizing two or more contrasting parents to create genetically-variable populations for selection to develop new parental lines.  This includes plants in the F1, F2 and advanced populations that may include families with varying degrees of homozygosity.   Typically these will be used for line development, i.e., new parents for hybrid cultivars or parents of pureline cultivars, and other types of commercial cultivars, such as clonal cultivars of some vegetable and fruit crops.

· Pre-breeding or genetically-variable populations into which new elite genes are being introgressed through hybridization followed by selection to create variable populations with multiple gene combinations from which new lines can be selection for further line development.

· Advanced lines for testing and direct use either as parental materials or putative new cultivars.  These may be materials obtained through agreements with other programs at international centers, regional collaborative programs and breeder-to-breeder exchanges.  Advanced fixed lines from outside sources are especially important for programs that may not warrant investment in crossing and selection activities but for which farmers need genetically-improved varieties.   

· Special materials such as lines considered to be outstanding gene donors or are being screened for new alleles, populations of recombinant inbred lines and other segregating populations used for specialized genetic studies, mutated populations etc.  

Plant breeding programs 

Human resources.
Human capital dedicated to the breeding program is a key component for success.  There must be sufficient people capable of doing varied tasks ranging from program administration and management to direction and execution of breeding activities and including day-to-day maintenance of field, lab, data management, seed processing and other routine activities.  For each program it is important to gather and evaluate reliable information about not only number of people assigned to various positions but also their qualifications, experience and competence level.  This information can be used for a gap analysis to compare current status with targets of sufficient capacity for the crop/country combination in order to attain a satisfactory P.O. for the program.  Then capacity targets can be set to reach sufficiency, garner resources required to maintain PBC, and quantify the impact of new improved varieties on specified targets, e.g., rate of cultivar adoption, crop productivity, household food sufficiency, rural income generation.

Without enough well-qualified breeders and capable support personnel who have clearly-defined goals, adequate resources and incentives to do the work, no breeding program, public or private, can consistently produce useful, improved new cultivars. 
Plant breeders function as:
· Director/manager of breeding program operations

- Commercial plant breeding (CPB) in private companies

- Public sector plant breeding (PSPB) in government dept., institute or university

- Participatory plant breeding (PPB) in government dept., institute or university 

· Facilitator for:

- Farmer breeding (FB) (through extension or other specialists)

- Farmer-saved seed (FSS) (through extension or other specialists)

Education and training of new breeders and assistants and continuing education for  practicing breeders to conduct different types of crop improvement and plant breeding can be obtained from various sources such as those shown below.  There are numerous offerings of electronic based courses on widely divergent topics applicable to plant breeding that can be accessed through the GIPB website http://km.fao.org/gipb/.
____________________________

_________________________________

	Table 4.  Education and training preparation for plant breeders and assistants.

	New breeders and assistants
	Current breeders and assistants

	Colleges and universities (degrees and certificates
	IARC’s, institutes and other entities (Supplemental and continuing education through short courses, internships etc.)


For crops important enough to support a plant breeding program, an ideal breeding team should include two complementary breeders, one more senior, with sufficient breeding education, knowledge and experience to serve as team leader and another more junior, perhaps with less training and experience to serve as an apprentice and eventually move into a leadership role.  The breeders should have enough advanced education to be well-versed in plant breeding and capable of providing leadership and guidance for the program and assuming a contributing role in the seed system. The team leader, if an experienced breeder should be knowledgeable about the infrastructure needs and program components required for cultivar development of crops for the key target market segments.

Two complementary breeders will provide essential continuity to the program if one leaves for some reason.  Despite good intentions, plant breeders as well as other professionals move to new opportunities, assume new jobs, or become incapable of continuing because of unforeseen occurrences.  Program continuity is very important since development of new cultivars is a long-term endeavor and the program should avoid disruption in order to be successful.  In some situations, a single crop may not warrant two full time equivalent (FTE) breeders, in which case the junior breeder may be assigned to work on a related crop that can support a part-time FTE, e.g., a junior breeder might assist a senior corn breeder and a senior sorghum breeder, thus preparing for possible openings in either crop.  Also, a second breeder position can serve to prepare young breeders, who after a few years can acquire additional education and training and move to other crops.

Administrative and support personnel.  It is desirable to have people supporting the program who have experience with managing budgets and payrolls, personnel issues and information technology relating to computers, electronic data bases and communications internally and externally.  With large and maturing programs, there may also be needs for assistance with seed shipments, negotiating contracts and agreements, complying with regulatory and intellectual property issues, etc.  Usually, this type of support is best provided for multiple programs from a single source at each station rather than by less specialized people in each program.    

Technical assistants.  A breeding team should include one or more technical assistants preferably with some college-level or equivalent training who are capable of handling seeds, carrying out selection and testing, using data bases for tracking and analytical work.  For a large program with both field and lab needs, it may be necessary to have two assistants, one handling field operations and the other lab work.  The types of research and operations being done in the program will indicate the numbers, qualification and specializations desirable.  When there are chemical analyses associated with the improvement goals of the breeding program there may be need for a suitable analytical person.  Since molecular marker assisted selection is now becoming an integral part of breeding, a person knowledgeable in this technology may be required at least on a part time basis or shared with another program.

Technicians and seasonal workers.  Because field selection and testing are essential, there will need to be personnel available for preparing and caring for field trials.  That resource may be supplied by the station where a program is located and made available as a general resource to other programs. If not a capable person may need to be employed by the breeding team.    
Affiliated  professionals from other disciplines.  The multidisciplinary nature of plant breeding and crop improvement often benefits from the expertise of professionals from other disciplines to address issues such as breeding for resistance to diseases (pathology) and insects (entomology), abiotic stress (plant physiology), nutritional or compositional improvement (biochemistry).  Often breeding will require specialized procedures to complement classical breeding and selection such as tissue and cell culture, genetic engineering, and marker-assisted breeding (molecular genetics and genomics).  While having dedicated specialists in each of these areas as members of the breeding team is likely to be too costly and not justifiable, they may be accessible for contributions to the breeding program as participants along with their other professional activities.  Thus, the extent of their availability and willingness to participate in a breeding program can be a significant positive factor to determining PBC for a particular crop/country situation.

Funding for breeding operations and testing.  

Predictable and recurring funding for everyday operations is often overlooked and/or taken for granted that somehow it will be available.  In too many cases it is either inadequate or not provided in a timely manner if at all.  Often competitive and supplemental grants to public programs emphasize new science and methodology and assume that the supporting unit, e.g., national program, university, etc. will provide the needed recurring program resources.  However, that is often not the case, and an otherwise promising program struggles due to insufficient and unreliable operating funds.

The following are required for a functional breeding program:

· Total breeding program budget (expenditures) annually. 
· Capital budget (expenditures). 

· Operational budget (expenditures). 

· Budget allocation for breeder(s)/staff travel for internal program work.

· Budget allocation for breeder(s)/staff travel to scientific meetings.

· Budget allocation for breeder(s)/staff continuing education .
Factors that influence the budget include:

· Is the plant breeding program for this crop a separate program in the institute or part of a larger, multi-purpose commodity program?
· Does the breeding program budget include staff salaries?  Capital expenditures?  Vehicles for travel to outlying plots and to the local field?

· What proportion of the total breeding program budget is provided from the supporting unit and from external grants?
· Does this breeding program have a separate budget administered by the senior plant breeder or is it administered by another person or unit? 

· Who pays for care and management of field plots including such facilities as irrigation? 

· Does the operational budget include money for multi-location trials and/or on-farm evaluation costs? 
· Are the costs at outlying stations in the breeding budget or another unit?  Who makes decisions about how budget resources are spent?

In summary, there must be sufficient core funding to assure breeding program continuity from year-to-year without interruption.  A breeding program that stops and starts will inevitably fail to produce many (any) cultivars for use by the farmers who need them.

An example of actual expenditures for R&D compared to total agriculture research expenditures and value of crops is presented for Uruguay (Stads et al., 2008) and comparative data across several countries is given in Stads and Bienema (2009).  Although there are no details about breeding programs, this provides some guidance about the proportion of spending for broad categories such as salaries, operating expenditures and capital allocations.  Another useful example is from a report on plant breeding and biotechnology capacity for Malawi (Amball and Msowoya, 2004) showing recommendations for different crops and improvement activities.

Physical facilities for breeding operations and testing.
Types of facilities needed for a breeding program will depend on the activities being conducted at each location, e.g., core breeding activities, field selection and evaluation, etc.  Activities that require specialized expertise and costly dedicated equipment should be centralized and shared as much as possible with other programs or units.  It is inefficient for each station to have capacity to do all activities of a breeding program.  In some cases, it may be more cost effective to outsource work that either occurs infrequently or is too expensive to justify all the dedicated facilities and equipment needed.

Physical facilities commonly needed for a plant breeding program include the following: 
· Lab/office with computer to handle data base for record keeping and data analyses

· Lab for processing, handling, threshing, cleaning, sorting, weighing, packaging for shipping and storing, etc. dry seeds

· Lab for processing, handling, extracting, cleaning, sorting, weighing, packaging for shipping and storing, etc. wet seeds

· Climate controlled facility e.g., refrigerator, walk-in cooler, cool, dry rooms for short, medium and long storage of seeds free from pests

· Specialized structures, containers, etc. for screening populations for insect, nematode and disease resistances.

Types of facilities needed for making controlled hybridizations between chosen parents depend on the specific crop.  Some controlled pollinations are made in the open field while others will require protection from adverse climatic conditions, such as screen, 
plastic or greenhouses.  Depending on the length of life cycle and climatic conditions, 

one or more breeding cycles may be completed at the central breeding location.  This may require:

· Permanent or semi-permanent structures with glass, plastic, or screen enclosures needed for protection of mother plants for crossing

· Screen or polymesh cages needed to control insects for insect pollinated crops 

Labs for handling seeds including cleaning and processing, packaging and storage

When conditions at the central location are limiting for part of the year, alternate season nurseries at other compatible locations may be desirable for maximizing selection potential and product development.  But that will require support for other facilities and personnel, shipping seeds and travel to accommodate work flows.  Because seeds are living organs, adverse conditions, especially high temperature, high relative humidity and insect infestation will cause rapid deterioration and loss of viability and vitality.  Holding and storage rooms that negate those conditions are essential for a breeding program.

Experimental plant populations resulting from planned hybridizations are grown (usually) under field conditions that allow differentiation of desirable from undesirable plants based on their observable (phenotypic) performance.  Thus, adequate field space is required along with the machinery and management to assure proper planting, care and harvest of seeds and other plant parts.  In some cases development of specialized conditions are required for selection, e.g., build-up of disease inoculum in the soil to allow selection for resistance.  

Well-managed and optimally-located field testing facilities are essential in order to take advantage of possible “spill-ins” of plant materials from other resources and to support an ongoing breeding program.  Funds are needed to establish testing sites and ongoing operations.  Supplemental irrigation is often a cost effective way to increase use of facilities by providing protection from either long or intermittent drought which can   ruin small, but important experimental trials critical to the breeding pipeline.  

Field sites for testing promising selections are required not only at the central breeding site, but more importantly at sites in the agro-ecological zones representative of the target production areas.  These will not only be used by local breeding programs but can also serve as sites for evaluating promising new cultivars from commercial countries, global centers, etc.  They should be able to serve as demonstration facilities for farmers in the surrounding areas to view new materials and provide their evaluation and input.  These may include: 

· Government/project-run research stations for early generation selection and testing to meet critical goals

· Government/project-run research stations for adaptation testing of new potential cultivars in critical target environments

· Other testing facilities by e.g., Extension service and other units


Sometimes participatory breeding and on-farm trials in farmers’ fields are desirable alternatives and complements to testing and evaluation on government stations.  Although farmers may contribute their land and labor to this joint enterprise, support for travel of breeders for data collection and other activities away from their work station is required. 

· Land and arrangements for farmer-assisted selection and/or testing of new cultivars in farmers fields
· Funds for travel to and information collection at on-farm trails

Depending on the level of technology used for breeding, relatively sophisticated labs that support molecular biology and advanced analytical capability may be required.  If access is not available through other collaborative programs, there may be need to provide these capabilities as part of the breeding program which will add considerable cost of establishment and maintenance. 

· Lab for chemical, physiological, biochemical analyses needed to support 
goals of the breeding program
· Lab for handling DNA samples and conducting technology to support 
marker-assisted breeding (MAB)

· Lab for doing genetic engineering

· Lab for doing cell and tissue culture, clonal propagation and producing 
doubled haploid plants

Scientific information and know-how for crop improvement. 

What is know-how?  When your supervisor asks you “Do you know how to plan, lay-out and manage a crossing nursery for producing hybrid tomato seed” what is your answer?  If you can satisfactorily accomplish that task, then you have the ‘know-how’.  If you can’t do the task, then you need to acquire more know-how.  An example of where to acquire “know how” about making hybrid tomato seed can be found at:

http://avrdc.org/LC/tomato/seedhybrid.pdf.   In addition to having a description of how to make hybrid tomato seed, you will need to actually produce the seed to begin to have sufficient “know how”.  Both scientific information and know-how can be acquired.  To use each effectively requires some fundamental knowledge about plant breeding, practice, skills and experience and an open mind with willingness to learn.  Acquiring know-how is a life-long activity and it’s hard ever to have too much!
Some of the scientific knowledge and information needed to begin a successful career will be acquired by the breeder during their course of study for a degree or certificate.  This should be around a topic relevant to breeding and crop improvement and prepare them for leading or participating in a breeding team.  With more advanced training, e.g., for post-doctoral, Ph.D., M.Sc., B.S. degrees the breeder is expected to be able to tackle more difficult problems and provide greater program leadership.  Generally, more theory is obtained from advanced education but practical information and experience with different crops is often lacking.  To obtain the practical information and know-how, working as an apprentice for a few years or as an intern with a practicing breeder is often advisable.  It should be pointed out that advanced degree education is not a prerequisite for a plant breeder, and indeed there have been many very successful plant breeders without advanced training, but with good practical training and experience in the field.  

As with other disciplines, the plant breeding profession continues to change and evolve and without ongoing participation at professional meetings and periodic updates about new information and technology, practicing breeders may not be aware of new knowledge and applications that will allow them to grow professionally and continue to be productive.  In summary, a professional plant breeder needs good basic education about theory and practice, practical field and lab training with a knowledgeable breeder working in their specific crop or related crop, access to information from libraries and repositories via the internet, interaction with colleagues working with similar crops and breeding goals and scientific meetings and conferences and periodic update of their knowledge and skills at centers of excellence.   

Information about the knowledge, experiences and skills needed for educating plant breeders has been gathered from knowledgeable, experienced professionals and summarized in Delphi Study for “Informing the Plant Breeding Curriculum Development Process.”  A brochure that describes the methods and preliminary findings is available in PDF form at http://sbc.ucdavis.edu/education/delphi_study.html.  This brochure provides an early snapshot of the findings and more detailed information and papers will be forthcoming. As these publications become available, the information will be posted online at http://sbc.ucdavis.edu and additional websites for interested parties to access. 

Practical scientific information and know-how critical to operating a breeding program will include the following:

· Compatible hardware and software for collecting, analyzing, storing and reporting phenotypic and genotypic information and data relevant for this breeding program.

· Understanding and manipulating electronic data base for record keeping, program management and breeding operations

· Organization, layout, planting of field plots suitable for supporting scientific 

decisions about selection and performance of new lines

· Organization, layout and maintenance of parents for crossing blocks, breeding

nurseries, etc.

· Good plant growing and maintenance practices for the crop in this breeding

program.  

· Methods used for cross pollination, pollination control and production of 

experimental selection populations for line and new hybrid production.

· Analytical methods used for evaluating important traits key to meeting program 

goals and objectives.

· Methods for extracting and handling plant materials and DNA either for analysis 

in nearby labs or shipment to central facilities elsewhere. 

Above all, the breeding team must be able to grow good plants in the field and specialized environments.  Successful, productive breeding and excellent science cannot be done with poorly grown plants.

Supporting technology for crop improvement.
A breeding program expected to develop and distribute new market-leading cultivars must have ongoing access to types and levels of technology suitable for their particular program.  Not all will require the same and the type and level of technology should be acquired and used that is sufficient to solve the problem or create the cultivars needed for the target crop.  All too often, the converse has been pursued, e.g., to acquire/develop a particular type of technology then try to build a program to suit the technology.  Such an approach will most likely fail or program resources will be used inefficiently.  

When the intent is to develop and distribute new, improved crop varieties for farmer use, high powered supporting technology and equipment is of little value without an underlying functional breeding program.  However, a good breeding program can be better positioned to tackle difficult challenges with appropriate supporting technology that is useful and affordable.  There are two viable alternatives to provide access to appropriate technology, either develop and provide it internally or link with other sources that can provide it more efficiently and effectively.  Each country/crop combination will require evaluation of which is likely to be most viable and practical.  

When funds and other resources are limiting, linking with other providers will be an attractive alternative.  These may include: 

· Linkages between breeding program and knowledge/information centers 

external to breeding program.

· Centers at the same central facility

· Colleges, universities and institutes elsewhere in the country

· Regional centers outside of the country

· International centers and institutes, e.g., IARC’s, etc.

· Linkages and working agreements for receipt and exchange of:

· Wild relatives and unadapted germplasm

· Segregating populations created through pre-breeding 

· Mutated populations for screening and selection

· Materials developed through genetic engineering

· Cell and tissue cultures

· Linkages and working agreements for receipt and exchange of information, 

technology and biomaterials for:

· Marker-assisted breeding

· Genetic engineering

· Cell and tissue culture

· Clonal propagation

· Doubled haploid plants

· Induced mutants

· Linkages and working agreements for receipt and exchange of information, 

technology and biomaterials for:

· Drought tolerance screening and breeding

· Screening and breeding for efficient utilization of soil nutrients

· Disease resistance screening and breeding

· Improved nutritional quality of plant products from this crop

There are several good examples of consortia and breeder groups linked to IARC’s and other centers of excellence that can provide ongoing links and exchange of information, expertise and plant materials to meet different needs of different programs in a cost-effective manner.  The ‘Integrated Breeding Platform’ program that is part of the Generation Challenge Program of the CGIAR is aimed at building capacity for using DNA-based information to facilitate breeding.  That information can be accessed at 

http://www.generationcp.org/UserFiles2/File/MBP-Project.

Seed and planting material delivery systems

It is helpful to know how seeds are distributed because there usually are many complicated and overlapping activities in the seed system network.  There are often political and social factors that influence the distribution systems in both public and private sectors and different crops may be treated quite differently in the same country or region.

Seed systems, types of crop improvement, and plant breeding programs. 
There are several ways of distributing planting materials to farmers and in any country or region there will be varying combinations for different crops, economic conditions and social structures.  The most overriding need is to assure that whatever systems are used, they do not provide (inadvertently or otherwise) barriers to seed movement that are either counter the needs of farmers and in some cases unintended.  Some advantages and disadvantages of the different types of seed systems are discussed by Rubyogo et al., 2007 and should be considered for each crop/country combination (see Table below).

Type of Seed System
· Centralized system with national/state direction of public sector seed system activities

· Sectoral system with national/state coordination of public sector seed system activities

· Sectoral system without national/state coordination of public sector seed system activities

· Mixed system with public and private breeding organizations, either with or without national/state direction or coordination.

Support of plant breeding activities for developing new cultivars for farmers

· Private commercial companies- local, regional, national or multi-national

· Government and local state breeding programs and seed distribution

· University research and breeding programs with or without attached seed distribution

· NGO’s and other similar organizations

[image: image1.emf] 

Types of seed delivery systems to farmers (sources of seed being grown by farmers)
· Commercial seed companies, dealers, distributors, etc.

· Farmer-run seed and farming cooperatives

· National seed distribution system

· State distributions systems within a country

· Universities, institutes and centers

· NGO’s and others

· Local markets, trade and barter

	Table 5.  Sector location of different types of crop improvement.

	Type of crop improvement
	Formal seed sector
	Informal seed sector

	Commercial plant breeding (CPB)
	                        xxxx
	

	Public sector plant breeding (PSPB)
	                        xxxx
	

	Participatory plant breeding (PPB)
	                        xxxx
	xxxx

	Farmer breeding (FB)
	                            xx
	xxxx

	Farmer-Saved seed (FSS)
	
	xxxx

	Donor gifts (DG)
	                        xxxx
	xxxx


	Table 6.  Seed delivery systems to farmers for different types of crop improvement.

	Type of crop improvement
	Seed Co.
	Distributors
	Government
	Farmers
	Other

	CPB
	xxxx
	xxxx
	
	
	

	PSPB
	x
	x
	xxx
	
	

	PPB
	
	
	             xxxx
	xxxx
	

	FB
	
	
	
	xxxx
	

	FSS
	
	
	
	xxxx
	

	DG
	
	
	
	
	xxxx


The Program for Africa’s Seeds Systems (PASS) sponsored by the Alliance for a Green Revolution in Africa identifies several components of a well-functioning system, including e.g., crop breeding capabilities, direct seed production and distribution channels, market and policy institutions, extension, training and supportive policy (http://www.agra-alliance.org/section/work/seeds).  Close inspection of seed systems in various countries reveals varied complexity, often subtle, differing at the local level and changing as internal and external factors ebb and flow.  A report of the FAO-sponsored LinKS project, “Local Seed Systems and external influences: a Case Study from the United Republic of Tanzania” (Kessy, 2006) provides examples of some such factors that impact the functionality of a seed system.  

While recognizing that the same core elements are essential across country/crop combinations, we should be mindful that no single seed system fits all needs and that what works today will likely change as economic conditions change – hopefully for the better!  
Informal planting materials delivery systems.

The “informal” seed system includes exchange of seeds among local farmers either on a one-to-one basis, acquiring seeds from external travel or through migration, and trade or sale at local markets.  On a more organized basis, farmers may exchange, barter or sell seeds as members of grower groups and coops and through seed fairs.  The presence of these organizations and events are important because it is a way for farmers to acquire new information and seeds to supplement their own resources and maintain indigenous knowledge.  They are a good source of information about what traits should be targeted in breeding programs, systems to test potential new cultivars, and then how to distribute new planting materials when they become available.  These organizations offer a way to provide information about improved crop seeds, agronomic practices, marketing information and better entrepreneurial skills.  

Formal planting materials delivery systems.
The “formal” seed system encompasses distribution of cultivars developed through scientific breeding programs in the public and private sectors.  Privately owned seed businesses range from small local companies to large multinational corporations, some wholly-owned by private individuals and others jointly owned by private and governmental entities and coops.  In some cases government-owned companies function similarly to privately owned ones and may be either for profit or non-profit.  Seed may be distributed by seed sellers, agents or distributors who obtain planting materials from those doing the breeding and development and then sell to farmers.  Businesses may be dedicated to seed only or concurrently sell other agricultural products and services (chemicals, fertilizer, equipment, etc.).  

In addition to supply and demand along with other market forces, programs aimed at increasing use of various seed sources through intervention can greatly affect the amounts of seed distributed by different groups in both sectors. [image: image2.png]M Ausrice
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The figure below shows amounts of seed distributed in Malawi by seed companies and the effects of different government program interventions, for example.

When resources are limited and seed delivery systems are evolving, it is in the best interest for the public and private sectors to collaborate as much as possible.  A robust seed system should have different types and sizes of companies and means for distributing planting materials.  There are opportunities for entrepreneurs to develop seed business but the conditions are demanding.  The recent availability of The African Seed Company Toolbox from AGRA (http://www.agra-alliance.org/content/news/detail/1066)  will be extremely helpful for developing capacity in seed distribution and is a good resource for breeders whether or not they are involved directly in seed distribution to farmers.

In many countries, state or national programs and universities may have research programs either primarily involved with breeding new cultivars or as part of a joint mission of research, education and cultivar breeding.  For each of these, a clear means of testing and distributing (marketing and selling) new cultivars is often lacking with the net result being that although new cultivars are being developed, they may not meet the needs of growers, are not adequately tested in the target production areas, and pricing and distribution are misaligned with demand and acceptance.  It is becoming more common to have breeding programs integrated with the end users, e.g., farmers, through various programs of participatory plant breeding, selection and open choice of promising materials.  These approaches offer good opportunities to reduce the time from inception to acceptance in the market place and increase the rate of adoption by farmers. 

Tripp (2006) states that the interface between public plant breeding and private seed production is critical to development of seed delivery systems.  Delivery of public germplasm to private seed producers will be especially important since most public breeding programs are not well prepared or funded to distribute seed to farmers.  Good collaboration between sectors can be synergistic for the entire system and provide an avenue for seed from public programs to be tested properly and accessible to the end user.  Responsibilities of all parties will need to be clearly understood and agreed to with attention to such things as responsibilities for different classes of seed prior to commercialization, ownership and respect of intellectual property, marketing, sales and distribution, quality assurance and costs and revenues to all parties.  Numerous examples of different arrangements in various countries are presented as possible models.

Seed Systems Networks - Information, Coordination and Support Elements 
[image: image3.emf]In addition to the prior three elements that comprise the operations elements of a seed system – plant genetic resources, plant breeding programs and planting materials delivery – the following three – information for planning and prioritization, coordination of related activities for individual crops, and enabling support for seed systems and crop improvement – must also have sufficient capacity for a functional seed network.  Without minimal capacity in all elements, the likelihood of delivering an ongoing supply of new cultivars will be diminished.

Information for planning and prioritization

Agricultural sector information and data bank
Open access to a common source of accurate, current information about the agricultural sector, seed system, critical elements and components is needed for stakeholders to make reasoned decisions about capacity of the seed systems and plant breeding systems.   Although there may not be complete agreement among diverse stakeholders about amount and quality of information, they should agree to use the best that is currently available.    

When new information is proffered it can be added to the data bank for common consideration and use.  In that way, analysis and planning can proceed without unproductive debate about details of limited consequence that often impede the task at hand, namely assessment of capacity and ways to strengthen critical elements of the seed system.

There should be quantitative information about the amount of production and value of commonly-grown crops and use of derived products as staples, important dietary components, cash generation, export, etc.  This will help clarify the level of importance of each crop for food security, income generation, export etc.  FAOSTAT at http://faostat.fao.org/site/339default.aspx can be used as a primary source of information for the amount (metric tons) and value (U.S. $ equivalent) of the most important crops produced in each country.  The diagram above shows the production of important crops in Bangladesh (See Gilbert et al., 2010).

Information about the target production areas and agro-ecological zones where there is substantial production of each crop is important for the following reasons; 1) where to evaluate potential new cultivars for adaptability under the prevailing production systems, 2) whether research/testing stations and other resources are placed in optimal locations, 3) assurance that farmers in important production zones are both familiar with current and new materials and whether they are being appraised of their needs, 4) whether breeding program objectives, activities and outcomes are being focused on important commercial traits, 5) whether there are distribution systems in place that allow new seeds to reach farmers in a timely manner, and 6) whether extension and information programs are properly targeted and functional?  

Extended education and bi-directional communication between providers (breeders/ distributors) and customers (farmers).  A critical element of the seed system network is a functional means for bi-directional flow of information.  This will not only allow access to local information and indigenous knowledge from people throughout the market chain making day-to-day decisions about seeds and crops but also lend assurance that information from stakeholders becomes part of decisions about such things as what traits are important to the success of bred varieties, realistic pricing of new varieties from both public and private sources, how major and minor crops are used by different household members, etc.  End-users are usually the critical determinants of success of new cultivars, and as such their preferred characteristics should be in the new cultivars.  Knowing who are the decision makers about certain crops and their use, the role of local seed systems, and ‘nodal’ farmers who are repositories of information will all impact the functionality of the seed system.  

Rubyogo et al., (2007a) discussed the development of bean seed systems for East, Central and Southern Africa and in their concluding statement stressed the importance of including all stakeholders throughout the process of developing and distributing seed of new cultivars.  Those activities can be used as a check list for other programs to assure that bidirectional dialogue occurs and is taken seriously by breeders. Farmers are especially key because they have important insight, practical experience and skills in decisions affecting the seed system. They can contribute to selection and genetic improvement along with how information and new materials are disseminated.  The realization that farmers are far more important than simply passive recipients of new varieties, has led to development of procedures and practices that allow their active participation in such programs as participatory plant breeding (PPB)  wherein they are a full partner in making breeding program decisions.  PPB has taken several forms from on-farm testing, farmer-facilitated selection to involvement in choice of parents, key selection traits, selection in segregating populations and picking elite selections for adaptation testing and ultimate release.  Common to all of these approaches is that farmer knowledge becomes part of the improvement process because they are familiar with new potential cultivars not only from viewing them in trials but also because they have been involved throughout the entire evaluation of new materials.  

An Extension Service or outreach organization can play an important role in assuring that production, harvest, storage and use practices are evolving in concert with introduction and planting of new crop varieties.  These professionals can assemble information needed to address issues around soil fertility, water usage, plant diseases and pests and optimal crop husbandry.  They are often part of a community where they have influence not enjoyed by plant breeders and other researchers in either the public or private sector.  Partnerships between the seed system and extension service are key to assuring a lasting, measurable impact of new, genetically-improved varieties. 

Coordination of the country-wide seed system and related activities for individual crops
Coordination and harmony among the six elements of a seed system network is important in order for the system to function.  This may be challenging however, because it is not uncommon for the units and agencies responsible for each element to be in different parts of the government and in some cases to be in part, in the private sector.  Usually, government sponsored breeding programs are administered as part of a National Agricultural Research System (NARS) (e.g., the National Agricultural Research Institute of Uruguay), but breeding programs may also be located in universities as part of a research and instruction program or in semi-autonomous research institutes focusing one or a few crops.  A key issue is how breeding activities are coordinated among the different institutions and units?  In some countries, responsibility for collecting and maintaining germplasm from external and indigenous sources may not be strongly connected with breeding programs, even though breeding programs rely on these materials and justification for plant collections is at least in part for crop improvement.  

A critical interface between breeding programs and the distribution system(s) occurs at the hand-off of promising selections either for further evaluation in adaptation trials and/or subsequent distribution of breeder seed (BS) or foundation seed (FS) of cultivars ready for release and distribution to farmers.  The following are logistical and policy issues that support operational plans critical to sustaining the seed system and should be clearly defined:

· Who is responsible for the further testing and where will it be done - the breeding  program, the extension service or some other entity?  

· Who is responsible for determining how and by whom the seed will be delivered for further build-up initially and for the life of the cultivar?  

· Will seed be sold through the government on a cost-recovery basis or “licensed” to a commercial company/distributor for sale at prices that reflect acceptance and farmer demand?  

· Who will monitor ongoing performance of new cultivars and how will that information be provided to breeders developing more, better suited cultivars?   

· Ultimately, how will an ongoing breeding program and operating seed system be supported in a financially sustainable way while concurrently meeting varied needs of diverse user groups?  

Need for coordination, oversight, planning and support does not necessarily call for a separate administrative department/unit.  It may be a functional mechanism that enables a person and advisors from different departments/units to coordinate the seed system to best serve the needs of critical stakeholders in a sustainable manner.  At the very least there should be recognition by users and government officials that cooperation and coordination are essential and that lack of such may prevent elements and components that separately have sufficient capacity from performing well.

Functionality of Seed Systems Networks Measured as Productivity outcomes (PO’s).        

The sole criterion for a functional seed system should be “are farmers obtaining enough seed of genetically improved varieties, are they adopting and growing those varieties on their farms and do they fit the needs for planting materials”?  If the answer is yes, it implies 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 opportunity and risk.  In summary they are meeting the planting needs of the farmers.  If the answer is no, then it is imperative to identify the components of the seed system that are not functional and fix them.  


When farmers are actively acquiring, adopting and growing genetically-improved seeds and planting materials, that is a de facto indicator that there is  some level of seed system functionality.  Conversely, if for a particular crop, they are not acquiring and growing genetically-improved seeds, some element(s) of the system are not functioning satisfactorily and need to be improved.  In some situations, there may be little or no demand for genetically-improved planting materials.  When that is the case there may be no need to improve the seed system or establish a breeding program for that crop.

For each important crop it is essential to know the name, source and date of acquisition of planting materials (varieties) commonly grown by most farmers in each key target production area.  For example, are farmers’ planting sources from; 1) ‘unimproved’ seed saved on own farm, 2) ‘unimproved’ seed purchased from local market, 3) ‘unimproved’ seed bartered/exchange with other farmers, 4) ‘improved’ seeds purchased from private company or agent, 5) ‘improved’ seeds received/purchased from government unit, 6) ‘improved’ or unimproved seed received from an NGO?  The figure above shows an overview of the release and use of new maize cultivars in Ghana over a 25 year period. 

This information can be condensed into the key indicators of functionality measured as productivity outcomes (PO):

· What are the leading cultivars currently being grown by farmers in each key target production areas (agro-ecological zone) for each crops based on percentage of area planted?  When was each of these released/provided to farmers? Cultivar names, brief descriptions, virtues, short comings.
· What are the current cultivar replacement rates for each crop in the key target production areas?
· How many new genetically-improved cultivars have been adopted by farmers in the past 10 years and are being grown today?  What was the time for their adoption by farmers? What was the source, and how are they currently regarded by farmers?

Consideration of how products derived from each crop fit in the market chain is important to assure that better planting materials will contribute to the overall improvement of crop production and income generation.  If product uses and trade are limited or there are intractable constraints to production and distribution, that may influence the immediacy of need for optimizing the seed system and the type of improvement program suitable for a crop at this time.

Enabling support for seed systems and crop improvement
Public and governmental support to enable crop improvement.  The social institutions that control and mediate the resource base affecting the national seed system play a prominent role in its viability and functionality.  Therefore they should reflect roles that diverse stakeholders, both men and women, play in decision making about allocation of resources for different activities surrounding crop choice, production, marketing and family utilization (Kessy, 2006).  In addition to the important effects of in-country institutions, others such as granting organizations, NGO’s, CBO’s and various international agencies can also influence functionality of elements of the seed system.  Major shifts in national and international policies, ebb and flow of global issues, changes in environment and climate along with economic factors can influence the shift in crops grown and whether new varieties are needed and succeed.  Issues surrounding ownership of new varieties are important not only to plant breeders and businesses but also farmers who need access to planting materials at viable costs.  So too, farmers may develop new varieties as well as care for landraces for which there may be no clear individual owner but rather shared ownership among many contributors over time.  In general, neither the seed system nor its components can function apart from the groups it is meant to serve.

Enabling policy, laws and regulations affecting seed systems and crop improvement.

The presence or absence of laws, policies and regulations in each country can either help or hinder any or all of the elements of a functional seed system.  Therefore it is important to assess the actual and intended effects of those currently in force and consider new ones that might be adopted based on needs with an eye on seeing how they are impacting seed systems in other countries. 

· Phytosanitation and seed movement.  Seed movement, both internally and across boarders is an integral part of a functional seed system.  For seed movement to occur with minimal interruptions there must be legal and regulatory framework in place to assure that seeds are free of contaminants both when they are shipped out and received into the country.  Without systems that are recognized internationally, there is diminished likelihood of a functional seed system.  The extent to which the responsible parties function and serve in a timely manner either helps or hinders the seed system and breeding efforts. 

· Seed quality and physical condition.  Assurance of seed quality and physical condition can be met in several ways.  In some cases, there are seed laws that establish standards for enforcement by the legal system.  Also there may be seed certification organizations that are either government-sanctioned or non-governmental, autonomous self-interest commercial groups able to monitor and enforce compliance.  For some crops, e.g., high value vegetable seeds, quality and condition are maintained as part of good business practices because of the keen competition that often relegates poor quality seed either to low prices or out of the market.

· True identification and performance standards.  Standards that prevent the same seed from being sold under multiple names protect both the developer/seller and the buyer.  If seeds are sold under multiple names, the buyer may be mislead into believing they are getting something new, rather than a copy of what is already being sold.  Concurrently, simply attaching a new name greatly diminishes the incentive for breeders to develop good new cultivars without receiving credit.  

· Cultivar registration.  In some countries, e.g., Europe, cultivar registration is required through a government testing and verification agency.  Performance and clear identification are required, the idea being that farmers are provided information that might not be available otherwise.  However, in the U.S. cultivar registration and government-verified performance standards are not part of the seed system, the viewpoint being that this is an additional, costly and time-consuming activity that provides little additional information and value to the farmer.    

· International trade, ownership and intellectual property.  With increasing global movement of seed, other planting materials and products derived from proprietary materials, there are increasing numbers and complexity of laws and regulations controlling protection of intellectual property rights.  These may be in the form of breeders’ rights, plant variety protection, plant patents, utility patents and equivalent regulations and laws.  Also, movement of plant germplasm is influenced by various restrictions such as various international treaties and Material Transfer Agreements of one type or another.

The absence of and compliance with intellectual property protection laws can affect the seed system in several ways, e.g., 1) companies may choose not to sell improved seed for fear it will be misappropriated, thereby depriving farmers of access to valuable cultivars,  2) organizations may not exchange germplasm if certain conditions are not met thereby depriving breeders of needed new genetic diversity, 3) proprietary information and materials may not be licensed for use or sale, thereby deriving researchers and farmers of new materials, innovation and technology, and 4) without ability to protect new cultivars, breeders in the private and public sectors may be reluctant to develop and release new cultivars if they are unable to recover development costs to continue breeding.  Each can affect farmers by depriving them of new genetically-enhanced cultivars.

Shown below is an example of the type of seed regulatory framework that is either in place or being developed in Bangladesh (Source:  Gilbert et al., 2010).  For greater detail see Boedker et al. (2006). 


An unimpeded flow of plant materials is important for movement of plant germplasm, acquisition of spill-in’s for testing and possible use in crossing, and participation in regional or other types of collaborative activities.  For private business to develop, there must be clear laws, rules and regulations about import and export of commercial amounts of cultivars.  An example of the provisions for Bangladesh is shown below (Source: Gilbert et al., 2010).

The GIPB has begun developing a framework for assessment of plant breeding capacity and functionality to meet the need for a simple, versatile assessment procedure. The objective of the framework is to support design and implementation of results-oriented breeding programs that improve probability of successful outcomes from national and international investments.

The document and supporting materials are intended to convey what constitutes plant breeding capacity (PBC), what are the capacity needs of a breeding program and the supporting seed system, how to determine current capacity, and then how to build adequate capacity for many different crops and country situations.  The original document is divided into two parts. The first part is about the operations elements of plant breeding systems and how breeding programs are organized to support crop improvement. This second part introduces a procedure and methods for qualitative and quantitative plant breeding capacity (PBC) assessment.  

This document you are reading is a modified and expanded version of Part 2 of the original document.  It incorporates suggestions from many people who provided input during e-consultations which was held August 30 – September 17, 2010.

Summary

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.  However, each program will be different based on needs, resources and opportunities.  For some crops a rational improvement program might entail testing new varieties from an external collaborator (spill-ins), with the intent being to release those that meet the farmers’ needs.  In that case, ability to import seed, understanding IP laws and regulations, testing in multiple sites including farmers’ fields, and ability to produce and distribute (sell) seeds will be necessary.  However, there will be less need for facilities and funding for crosses, selection, provision of technology, etc.  In contrast to a program using ‘spill-ins’ capacity needs will be quite different from one that includes evaluation of germplasm for parents, crossing, selection, testing and distribution of foundation seed of promising new varieties.  Unfortunately in some cases, even though certain components are necessary, they may not be sufficient alone to guarantee success.

This detailed account of the seed system network is intended to provide useful information to 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.  

The best people to engage in evaluating current vs. optimal PBC will be a diverse group that includes primarily stakeholders knowledgeable about local needs, capability and means of support.  Included in the mix should be breeders and scientists with different experience and expertise some of whom understand practical, classical breeding and others who are familiar with cutting edge science.  The people who must be represented are the farmers who make decisions about what is planted, how the crops are grown and how they are used.   
Hopefully, 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 varieties, are they growing those varieties on their farms and do they fit the needs for planting materials?” 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.
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Advantages and setbacks of bean seed supplied by decentralized (local) and commercial seed systems 


Important comparison criteria in seed systems �
Local/decentralized system �
Commercial systems �
�
Bean genetic diversity �
Supply several genotypes �
Only fewer, already popular and widespread varieties �
�
Agro-ecological suitability �
Adapted to micro-ecology e.g. intercropping �
Wider adaptation �
�
Means of procuring/accessing seeds �
Horizontal diffusion: through seed gifts, seed exchanges vs. grains/labor, cash �
Absolutely cash and often higher price (three times the local seed price) �
�
Access to information about new varieties/techniques �
Horizontal information exchanges: neighbors farmers, demonstration, field days, social networks �
Very minimum promotion by seed stockists or agents �
�
Types of Clients �
Farmers based on their interests and needs (varieties, quality and quantity) �
Non/and Government/ Organizations (seed aids) �
�
Shaping research agenda �
Immediate feedback to scientists e.g. identification of farmers‟ selection criteria �
Late and interested in already popular varieties �
�
Accessing new genotypes �
Interested and possibility to accelerate access to preferred genotypes �
More of „wait and see‟ attitude �
�
Building partners‟ (farmers, extension agents) capacity �
Strengthening farmers‟ skills and organizations development e.g. experimentation/seed systems �
Only seed stockists and other formal suppliers �
�
Amount of seed supplied �
About 98% �
2% �
�
Source: Rubyogo et al. (2007)





Maize Seed Sales and Distribution by Seed Companies





�


Source:  Langyintuo, 2004





Crop production in Bangladesh.


�


Fig. 2. Proportion of area under different crops (2006-07)





Source: Rubyogo et al., 2007.


Set bean research and development priorities with farmers and other stakeholders;


Engage farmers and traders in the varietal testing system and their conditions;


Avail regularly, foundations seeds of preferred to both formal and local seed production;


Engage farmers, farmers’ organizations, extension services and development organization in the intervention so that early information and awareness about promising genotypes is raised and demand is stimulated for effective scaling up;


Develop partnership with other service providers including traders and development partners so that various seed related activities are shared among partners; 


Encourage complementarity among formal and informal seed sector and more importantly sharing of seeds horizontally (farmer-to-farmer).  However, sometimes one must be aware that early maturing bean varieties are prone to being consumed or sold and therefore creating a shortage of seeds; 


In order to improve the quantity produced to meet the demand and increase local stock of the varieties, other yield enhancing technologies are also required, therefore the interventions should go beyond the seed aspects and other non seed technologies (agronomic practices);


In local decentralized seed systems, the grain/seed merchants are key stakeholders in the seed dissemination and outlets for seed producers, thus their engagement and linkages to seed producers will a great dividend.





Ghana: Release of Maize Varieties and uptake by    


                Farmers.  Source: Derwisch et al., 2008. �





Seed Regulatory Framework.  The legal and regulatory framework for seed is currently provided under (i) the National Seed Policy 1993, (ii) the Seed Ordinance 1977 (Amendments in 1997 and 2005), and (iii) the Seed Rules 1998. Along with these the Plant Quarantine Acts and Rules are considered part of the regulatory framework as it affects the seed sector.  





The National Seed Policy (NSP) was declared with the objectives of (i) promoting balanced development of public and private sector seed enterprises; (ii) simplifying the import of seeds and planting material; (iii) providing training and technical support for seed stakeholders in topics related to seed production, processing, storage and use of high quality seed; and (iv) monitoring, controlling and regulating the quality and quantity of seed produced in Bangladesh. 





The Seed Ordinance stipulates the roles and functions of the National Seed Board and the Seed Certification Agency (SCA). It also provides clauses for the import and export of seeds, the representation of board members, regulations of standards for quality of seed, approval and registration of new varieties, labeling of seeds and the functions of SCA and penalties for violating the ordinance or rules. 





The Seed Amendment Act 1997 provides definition of Seed Dealers and changes in the structure of the National Seed Board (NSB).  The Seed Rules elaborate on the role and function of the NSB and on the procedures for registration of seed dealers, registration of varieties and labeling of the seed offered for sale in sealed containers or packets.  The functions of the SCA and its seed inspectors are highlighted. The seed rules also describe in more detail the seed regulatory framework and stipulate the forms and procedures for variety registration, field inspection, seed certification and market control.





Plant Quarantine Regulation (PQR) was framed in 2005 and submitted to the Government, and is awaiting approval. The aim of PQR is to ensure safe importation of plant products, including seed, into the country without creating obstacles to international agricultural trade and international transfer of germplasm. 





Seed import and export. To import seed to Bangladesh, an import permit and a phytosanitary certificate are required. The import permit is issued by the Plant Protection Wing of the Department of Agricultural Extension (DAE) and the phytosanitary certificate is provided by the exporting country (Huda, 2001). ISTA orange certificate is not yet mandatory but a quality certificate from the seed certification authority of the exporting country is needed. In addition, imported varieties of the five notified crops must be listed on the Official National List of Varieties and comply with the crop specific standards.





Documentation required to export seed is issued by the Plant Protection Wing of DAE in the form of an export permit and a phytosanitary certificate. However, Bangladesh does not have an ISTA accredited laboratory, which can issue seed quality certificates for export. This deficiency could become a more significant issue in the future as private and public agencies develop varieties that might serve wider markets in the region.








�This was prepared as part of the report for the Global Partnership Initiative for Plant Breeding Capacity Building (GIPB) at FAO by Fredrick A. Bliss, August 2010.  The contributions from Clair Hershey, Elcio Guimaraes, Mauricio Lopes, Chikelu Mba, John Lynam, Elon Gilbert, Howard Elliot, and Ann Marie Thro are gratefully acknowledged.  Review of the content by Elliot Tembo, Alex Rigor, Emmanuel Okogbenin and Jeff Ehlers was very helpful.  
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