Four Organic Breeding Guides - An Introduction to Organic Breeding, and
Organic Breeding for Sweet Corn, Carrots, and Tomato

Final Report
Project Summary

We all know that organic farmers’ success relies on their appropriate use of
practices such as crop rotation, cover cropping, biological pest control, and
mechanical cultivation. Many are just coming to realize, however, the key role that
plant genetics plays in organic farmers’ success. In fact, plant varieties that are well
suited for organic production challenges may be able to better access organic
fertility sources, compete with weeds, or resist pests, and can make the difference
between a successful and unsuccessful season. Currently, however, almost no plant
varieties have been bred specifically for organic systems. To increase organic
farmers’ success, we must increase the number of varieties bred for organic
systems. And one of the groups best suited to do this breeding work is organic
farmers themselves.

There are a rapidly growing number of organic farmers who are interested in on-
farm plant breeding and variety improvement. The objective of this project was to
educate these organic farmers on methods of on-farm organic breeding, and to
empower them to breed their own crop varieties. To accomplish this objective, we
have developed four organic breeding manuals. One manual is an introduction to
fundamental organic breeding concepts and techniques, and the three other
manuals address crop specific, on farm organic breeding techniques for sweet corn,
carrots, and tomatoes.

This project will have a three-fold positive impact on organic farming. First, farmers
will have greater success in improving germplasm to meet the conditions of organic
systems, resulting in more variety choices for producers. Second, farmers will be
able to control the seed of their favorite varieties, maintaining them even if seed
companies discontinue the varieties. Third, they will gain skills that improve their
ability to participate in breeding projects with public and private breeders, opening
new business opportunities and increasing farmers’ influence on all organic seed
development.

Drafts of the introductory manual have been disseminated at the 2014 Organic Seed
Growers Conference (OSGC). All manuals are available through Organic Seed
Alliance (OSA)’s website, and will be disseminated at additional events.

Introduction
Fundamental to the success of organic agriculture is the use of plant varieties most

suitable to organic production challenges. With a limited number of certified inputs
to combat production problems, organic farmers rely on prevention via crop



rotation, soil management strategies, and the use of appropriate crop genetics.
While progress has been made in developing best management practices, little has
been done to develop varieties suited to organic systems - a strategy that could, over
time, be equally important.

Public and private sector breeding research has been slow to respond to the needs
of organic farming for a number of reasons, including the difficulty of addressing the
complex and diverse needs of fresh market producers. This is compounded by the
fact that breeding in minor crops as a whole continues to decline, particularly in
regions that are not in the large agricultural vegetable production regions of
California, Arizona, Texas or Florida.

Over the past several decades, plant breeding has become increasingly formalized
and centralized. Breeding work that was once done mainly in farmers’ fields is now
done almost exclusively by large seed companies and on state-run agricultural
experiment stations. Most breeders working for large seed companies, as well as
most public breeders, focus their attention primarily on the largest markets for
seed, which are typically large, conventional farming systems located in prime
agricultural regions. This focus on the needs of large-scale, conventional agriculture
leaves organic farmers without varieties that are adapted to the needs of their
systems. Research has found that the lack of organically adapted varieties leaves
organic farmers at a disadvantage, resulting in, among other things, lower yields
than if they had varieties adapted to their systems. Organic, on-farm breeding work
is devoted to serving the needs of these organic farmers.

Building a healthy, sustainable agriculture future requires farmer-centric seed
systems at the regional level, where farmers and the communities they serve
consciously choose which crop genetics they use, how they are maintained, and how
these genetics are controlled.

Done well, organic plant breeding can help ensure that farmers control the seed
they use. Breeding work can give farmers free access to genetic resources and the
freedom to grow what they please, while supplying them with the knowledge and
skills to both grow seed and improve a crop’s characteristics to best meet their
needs.

Crops adapted to organic systems could be an important part of a farmer’s strategy
to prevent production problems. Besides the fact that the breeding work might not
be done if farmers do not do it themselves, another important benefit of on-farm
breeding is that varieties can be adapted to the climactic conditions and growing
practices of the farm or region rather than the conditions and practices of public or
private research farms. Therefore, this project addresses the issue of organic
producer need for varieties suited to local, organic farming conditions by giving
them the information they need to do their own breeding. It will also help reduce
the risk that farmers will be left without a needed variety when a seed company
discontinues it. Finally, this project will provide farmers with new skills that allow



them to take advantage of new partnerships and business opportunities with the
public and private seed sectors.

Objectives Statement

Our primary objective was to educate organic farmers on methods of on-farm
organic breeding, and to empower organic farmers to breed their own crop
varieties.

We accomplished this objective by creating and releasing four organic breeding
guides, including a guide providing an introduction to organic breeding and crop
specific organic breeding manuals covering sweet corn, tomatoes, and carrots.

Educational Approach

This project developed four organic breeding manuals. One manual is an
introduction to fundamental organic breeding concepts and techniques, and the
three other manuals address crop specific organic breeding for sweet corn, carrots,
and tomatoes. These manuals are written for farmers. The techniques in the
manuals are those that farmers can use without adding extensive breeding
infrastructure, and the manuals are be written to be accessible.

Project Results
Introduction to On-farm Organic Plant Breeding
The introductory manual is 40 pages long and contains the following sections:

Section I: Introduction
Why plant breeding is important
The philosophy of organic plant breeding
Our farming ancestors never stopped breeding
Returning farmers to their role as seed stewards

Section II: Plant breeding basics
Selection in theory and practice
How to select
A crop’s mating system and how it affects plant breeding
Breeding self-pollinated crops vs. breeding cross-pollinated crops

Section III: Developing a plant breeding plan
Thinking about your target environment
Determining traits
Prioritizing traits

How can the traits be measured?
How easily can the traits be inherited?



Choosing parents
Creating a breeding timeline

Section IV: Theories of field-based organic plant breeding

How genes travel from parents to offspring
How genes determine the appearance and performance of plants
How genes travel together during reproduction

How genes operate in populations

How to see the genetic differences between plants
Understand the effects of the environment
Ensure that plants receive consistent treatment
Use sufficient population and plot sizes

Section V: Examples of farmers breeding for organic systems
‘Abundant Bloomsdale’ organic spinach breeding project
What were the goals of this project?
Breeding procedure
Winter sprouting broccoli
What were the goals of this project?
Breeding procedure:

Glossary and Index
References and resources
How to Breed Sweet Corn for Organic Agriculture

The sweet corn breeding manual is 18 pages long and contains the following
sections:

Introduction
Introduction to Breeding
Breeding Goals
Germplasm
Reproductive Biology and Pollination Techniques
Selection
Inbred-hybrid Development
Mass Selection
Family Selection

Selection Techniques
Breeding Timeline



References and Resources
How to Breed Tomatoes for Organic Agriculture
The tomato breeding manual is 20 pages long and contains the following sections:
Section I: Introduction
Section II: Introduction to Breeding
Section III: Breeding Goals
Agronomic traits
Defensive traits
Fruit Quality
Section IV: Sourcing Germplasm
Section V: Reproductive Biology
Section VI: Pollination Techniques
Section VII: Breeding Methods
Glossary
References and Resources
How to Breed Carrots for Organic Agriculture
The carrot breeding manual is 16 pages long and contains the following sections:
Section I: Introduction
Section II: Introduction to Breeding
Section III: Breeding Goals
Section IV: Germplasm
Section V: Reproductive Biology
Section VI: Plant Breeding
Mating systems for seed production

Generating breeding populations
Making the cross-pollination



Controlled pollination
Strain cross

Mass selection

Family selection
Breeding timeline
Breeding summary

Glossary
References and Resources
Conclusions and Discussion

We expect that by producing manuals that help farmers understand plant breeding
techniques, this project will have a three-fold positive impact on organic farming: it
will lead to a greater number of organically bred varieties, increased farmer control
of varieties, and increased farmer influence on the direction of organic seed
development. First, with the education that farmer-breeders will receive from these
manuals, they will have greater success in improving germplasm to meet the
conditions of organic systems. This will result in an overall increase in variety
choices for producers. Second, farmers will be able obtain greater farm security by
being able to maintain and improve their own varieties, reducing their dependence
on industry and public programs to fulfill their germplasm needs. Third, they will
gain skills that improve their ability to participate in breeding and variety
evaluation projects with public plant breeders and the organic seed industry,
opening new business opportunities and increasing farmers’ influence on all organic
seed development.

Outreach

We distributed draft copies of the Introduction to Organic On-farm Breeding at the
Organic Seed Grower’s Conference. We are printing the final versions of all four
manuals now and intend to distribute over 200 more at additional events and
through direct contact with farmers and researchers.

We have posted the manuals to OSA’s publication page and have sent a press release
to over 400 national contacts, including journalists and NGOs. We have also shared
the press release on OSA’s Facebook page, which has over 30,000 followers.
Financial Accounting

See attached budget.
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