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Preface 

The development of superior cultivars of plant species is a challenge that tests 
the ingenuity, patience, and persistence of an individual. Ingenuity is based on 
an appreciation of the scientific principles of genetics, agronomy, horticulture, 
statistics, physiology, and many other disciplines that are an essential part of 
plant breeding. It involves the ability to evaluate an array of alternative methods 
for cultivar development , assess the resources that are available , and develop a 
strategy that is efficient and effective. Patience is required to undertake the 
development of a cultivar, a process that commonly requires 10 years or more . 
Persistence is essential in dealing with the numerous obstacles that must be 
confronted, particularly uncontrollable fluctuations in the weather. 

As a university professor, it has been my privilege to teach young women 
and men who have the ingenuity, patience, and persistence required to be a plant 
breeder. One of my responsibilities has been to help students understand how 
cultivar development actually is carried out, sometimes referred to as the nuts 
and bolts of plant breeding. My colleagues generously shared their experiences 
with me , which made it possible to develop a set of class notes for distribution 
to the students. Those class notes became the foundation for this book. 

The purpose of the book is to provide some assistance in the decision-making 
process that every plant breeder encounters . There are not any plant breeding 
programs that are identical in all respects . Each breeder is faced with unique 
circumstances for which an appropriate strategy of cultivar development must 
be developed. The plant species , resources available, expectations of the em
ployer, and demands of the marketplace are a few of the factors that contribute 
to the circumstances that are encountered . To develop an effective strategy of 
cultivar development, the breeder must be able to understand the alternative 
methods that could be used and evaluate the genetic improvement that could be 
realized from each method. This book is intended to describe in detail the 
alternative breeding methods and to provide guidelines for the evaluation of their 
advantages and disadvantages under different circumstances . 
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viii PREFACE 

The selection and application of plant breeding methods for the genetic 
improvement of a crop species depends on such factors as the types of cultivars 
that are grown commercially, the type of parental germplasm available, and the 
objectives of cultivar improvement. To help students and other interested people 
understand how plant breeders develop an appropriate strategy of genetic im
provement , Volume 2 of Principles of Cultivar Development was prepared . In 
that volume, successful plant breeders describe the step-by-step process of cul
tivar development for the crop series with which they work, discuss alternative 
procedures that are available for each step of the process , and provide examples 
of those methods that have been used most successfully . 

There is considerable emphasis in current plant research on the role of cellular 
and molecular biology in genetic improvement of plant species. The results of 
the research undoubtedly will improve procedures for cultivar development in 
the future . The emphasis in this book has been placed on techniques that actually 
have been used to develop culti vars, however , instead of on future possibilities 
that have yet to be widely adopted by plant breeders . Future opportunities for 
the improvement of plant breeding methods are addressed by the authors of 
individual crop species in Volume 2 of Principles of Cultivar Development. 

ACKNOWLEDGMENTS 

This book was made possible by the generous support of many people , only a 
few of whom will be mentioned. Sincere appreciation is expressed to my wife 
Elinor, who typed the manuscripts for the book, drafted all the figures, and 
assisted in indexing and proofreading. Thanks are extended to Holly Jessen, who 
reviewed each chapter, made valuable revisions and additions, and assisted in 
indexing and proofreading. The technical support of the publication editors, 
Sarah Greene and Gregory Payne, is gratefully acknowledged . My thanks to Cal 
Qualset who reviewed the manuscripts for all the chapters, and to all of the 
students and colleagues who reviewed individual chapters . 

WALTER R. F EHR 



Contents 

Preface vii 

One • Role of Plant Breeding in Agriculture 1 
Characteristics Improved by Plant Breeding 2 
Disciplines that Contribute to Cultivar Development 7 
Skills Required of a Plant Breeder 8 

Two• Modes of Reproduction 11 
Cell Processes in Reproduction 11 
Sexual Reproduction 17 
Asexual Reproduction 22 

Three • Genetic Principles 26 
Symbolism for Describing Populations and Individuals 28 
Symbolism for Describing Inbred Lines 31 
Symbolism Chosen for This Book to Describe Populations, 

Individuals, and Lines 32 
Inheritance of a Single Gene 33 
Inheritance of Two or More Genes 46 

Four • Polyploidy 59 
Genetics of Autoploids 60 
Genetics of Al loploids 62 
Natural Polyploidy 62 
Induced Polyploidy 62 

Five• Variation in Chromosome Number and Structure 66 
Aneuploidy 66 
Altered Chromosome Structure 73 

ix 



x CONTENTS 

Six• Quantitative Inheritance 80 
Characterization of a Population 80 
Estimation of Genetic Variances 86 

Seven • Heritability 95 
Components of Heritability 95 
Types of Heritability 96 
Factors Influencing the Magnitude of Heritability Estimates 96 

Eight• Inbreeding 106 
Consequences of Inbreeding 106 
Purposes of Inbreeding 106 
Inbreeding in Diploid Species 107 
Inbreeding Depression in an Autopolyploid Species 110 
Inbreeding in Small Populations 112 

Nine • Heterosis 115 
Measurement of Heterosis 115 
Genetic Basis of Heterosis 116 
Heterosis in Diploid Cultivars 117 
Heterosis in Hybrid Cultivars of Autopolyplo id Species 118 
Implication of Heterosis on Cultivar Development 119 

Ten• Parent Selection 120 
Characters to Be Improved 120 
Inheritance of the Character to Be Improved 121 
Sources of Parental Gerrnplasm 122 

Eleven • Plant Introduction and Genetic Diversity 125 
Origin of Genetic Variation in Nature 125 
Acquisition of Plant Introductions 127 
Maintenance and Distribution of Germplasm 129 
Evaluation of Plant Introductions 130 
Utilization of Plant Introductions 131 
Consequences of Insufficient Genetic Diversity 133 
Minimizing Genetic Vulnerability 134 

Twelve • Population Formation by Hybridization 136 
Types of Populations 136 
Principles in the Formation of a Complex Population 139 
Procedures Used to Form Complex Populations 143 
Planting Arrangements for Population Formation by Artificial 

Hybridization 146 
Polycross Procedure 152 



CONTENTS xi 

Thirteen • Techniques for Artificial Hybridization 156 
Reproductive Structure and Development 156 
Floral Induction 157 
Techniques for Artificial Hybridization 159 

Fourteen • lnterspecific Hybridization 165 
Objectives of lnterspecific Hybridization 165 
Techniques for Gene Transfer 166 

Fifteen • Recurrent Selection 172 
Development of Base Populations 173 
Evaluation of Individuals in the Population 174 
Methods of lntrapopulation Improvement 174 
Recurrent Full-Sib Selection 189 
Recurrent Selection Among Selfed Families 189 
Methods of lnterpopulation Improvement 192 

Sixteen • Genetic Male Sterility for Population Improvement 199 
Development of a Population 199 
Utilization of the Population 203 
lnterpopulation Improvement 216 

Seventeen• Maximizing Genetic Improvement 219 
Mathematical Considerations 220 
Obtaining Values for the Prediction Equation 223 
Comparison of Alternative Breeding Methods 229 
Enhancement of Genetic Gain per Year in Plant Breeding 235 

Eighteen• Genotype x Environment Interaction 247 
Types of Interactions 247 
Assessment of Genotype x Environment Interactions 249 
Selection of Locations for Testing 254 
Allocation of Resources 255 
Stability of Genotype Performance 258 

Nineteen• Field-Plot Techniques 261 
Sources of Variation 261 
Experimental Designs 272 
Equipment for Efficient Evaluations of Genotypes 282 

Twenty• Mutation Breeding 287 
Mutagenic Agents 288 
Types of Mutations 290 
Plant Material to Be Treated 292 



xii CONTENTS 

Factors to Consider with Mutagen Treatments 294 
Precautions in the Use of Mutagens 297 
Breeding Procedures for Seed-Propagated Species 297 

Twenty-One• Breeding for Pest Resistance 304 
Types of Genetic Resistance 304 
Genetic Interaction of the Plant and Pest 305 
Races of Pests 306 
Mechanisms for Disease Resistance 306 
Mechanisms for Insect Resistance 308 
Breeding for Specific Resistance 309 
Minimizing Changes in Races 310 
Minimizing the Impact of New Races 312 
Breeding for General Resistance 313 

Twenty-Two• Bulk Method 315 
Implementation 315 
Genetic Considerations 317 
Merits of the Bulk Method 317 

Twenty-Three• Single-Seed Descent Method 319 
Alternative Procedures 320 
Rapid Generation Advance 323 
Genetic Considerations 325 
Merits of the Single-Seed Descent Procedures 325 

Twenty-Four• Mass Selection in Self-Pollinated Populations 328 
Implementation 328 
Genetic Considerations 330 
Merits of Mass Selection 331 

Twenty-Five• Pedigree Method 332 
Implementation 333 
Genetic Considerations 337 
Merits of the Pedigree Method 337 

Twenty-Six• Early-Generation Testing 339 
Implementation 340 
Genetic Considerations 345 
Merits of Early-Generation Testing 346 

Twenty-Seven• Homozygous Lines from Doubled Haploids 347 
Naturally Occurring Haploids 347 
Haploids from lnterspecific and lntergeneric Crosses 352 



CONTENTS xiii 

Anther and Pollen Culture 355 
General Advantages and Disadvantages of Doubled Haploids 357 

Twenty-Eight• Backcross Method 360 
Implementation 361 
Genetic Considerations 366 

Twenty-Nine• Types of Cultivars 377 
Clonal Cultivars 378 
Line Cultivars 378 
Open-Pollinated Cultivars of Cross-Pollinated Crops 378 
Synthetic Cultivars 379 
Hybrid Cultivars (F,) 379 
F2 Cultivars 379 
Composite-Cross Populations 380 
Multi lines 380 

Thirty• Development of Asexually Propagated Cultivars 381 
Sources of Genetic Variability 381 
Evaluation of Individuals 385 
Commercial Propagation 387 

Thirty-One• Development of Self-Pollinated Cultivars 388 
Crop Introduction 388 
Selection Within Heterogeneous Cultivars 388 
Hybridization of Artificial Mutagenesis 389 

Thirty-Two• Multilines 401 
Purpose of Mixtures 402 
Development of Multilines 403 
Evaluation of Mixtures 409 
Commercial Seed Production of Mixtures 411 

Thirty-Three • Development of Synthetic Cultivars 417 
Population Formation 417 
Identification of Superior Clones 418 
Evaluation of Experimental Synthetics 423 
Seed Production of a Synthetic Cultivar 425 
Seed Used for Commercial Production 425 

Thirty-Four • Development of Hybrid Cultivars 428 
Formation of a Segregating Population 428 
Inbreeding of the Population 430 
Evaluation of Combining Ability 432 



xiv CONTENTS 

Special Considerations with Cytoplasmic-Genetic Male Sterility 435 
Improvement of Inbred Lines by Backcrossing 437 
Preparation of Breeder Seed 438 

Thirty-Five • Hybrid Seed Production 439 
Requirements for Hybrid Seed Production 439 
Types of Hybrid Seed 441 
Production of Parent Seed 445 
Production of Hybrid Seed 447 

Thirty-Six • Release and Distribution of Cultivars 450 
The Decision-Making Process 450 
Distribution Procedures 454 
Legal Right of Ownership 457 
Seed Certification 460 
Regulatory Agencies 465 

Appendix A • The National Plant Germplasm System 469 

Appendix B • A Statement of Responsibilities and Policies Relating 
to Development, Release, and Multiplication of 
Publicly Developed Varieties of Seed-Propagated 
Crops 477 

Appendix C • Outline of Procedures for Seed Release of New Crop 
Varieties, Hybrids, or Genetic Stocks; Iowa 
Agriculture and Home Economics Experiment Station 485 

Appendix D • Request for Release and Distribution of Plant Variety 490 

Appendix E • United States Patent 492 

Appendix F •Plant Variety Protection Certificate and Application 494 

Appendix G • Facts About Naming and Labeling Varieties of Seed 500 

Appendix H •Application for Review of Soybean Varieties for 
Certification 506 

Appendix I • Questions Often Asked About Seed Certification 510 

Glossary 515 

Index 527 



CHAPTER THIRTY-SIX 

Release and Distribution 
of Cultivars 

The plant breeder has the responsibility to develop and identify cultivars that 
will enhance commercial production of a crop. The decision to make a culti var 
available for widespread use and its actual multiplication and distribution to 
commercial growers involve many additional persons and agencies. The pro
cedures for release and distribution vary with the type of cultivar, the institution 
at which it was developed, the procedure for its multiplication and distribution, 
and the agencies that regulate the distribution process. There also are important 
differences among countries in the laws that control the release and di stribution 
process. The emphasis in this chapter will be on the procedures commonly used 
in the United States. To simplify the discussion, the term culti var will apply to 
genotypes used for commercial production of a crop o r to inbred lines used to 
produce a commercial hybrid . The term originator will refer to the publ ic insti
tution or private company that developed the cultivar. 

THE DECISION-MAKING PROCESS 

The decision to release a new cultivar is a stepwise process that usually involves 
a number of persons . all of whom are responsible for determining if the genotype 
will be useful for commercial productio n of a crop . Sufficient performance data 
must be obtained to convince the breeder and other knowledgeable persons that 
the genotype merits release. The process is most orderly and effic ient when the 
persons involved have a well-de fined procedure to fo llow. Although exact pro
cedures vary among companies and public institutions, certain principles are 
common to all. 

450 
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Role of the Breeder 

The breeder is responsible for obtaining the data needed to evaluate the potential 
of a genotype for commercial use (App. C). It is important that the breeder 
understand what data are expected by the individuals who ultimately will decide 
if a genotype will be released. Without that knowledge, the breeder may conduct 
an inadequate testing program that will prevent the prompt release of a cultivar. 
In breeding programs of State Agricultural Experiment Stations and the U.S. 
Department of Agriculture, it may be desirable to release a new cultivar simul
taneously in several states. Breeders working in such programs should be aware 
of the testing requirements of all states that may be interested in release of the 
cul ti var. 

The breeder is responsible for coordinating the evaluation of a cultivar with 
the preparation of breeder seed. Distribution of the cultivar will be most rapid 
when an adequate supply of breeder seed is available as soon as adequate per
formance data have been collected. A breeder must work closely with persons 
responsible for seed multipiication and distribution to ensure that adequate quan
tities of pure seed are available at the appropriate time. 

Role of Persons Other than the Breeder 

The final decision to release a cultivar generally is not made by the breeder who 
developed it (App. C). The persons who make the decision must consider the 
cultivar's performance relative to that of cultivars currently available and the 
likelihood that the new cultivar will be readily marketed. As a result, these 
persons include breeders other than the one who developed the cultivar, agron
omists who work closely with farmers, and persons responsible for multiplying 
and marketing the cultivars. In a private company, an important consideration 
is the amount of profit that will be realized by use of the new cultivar compared 
with that obtained with current cultivars. 

Although the breeder may not have a vote when the final decision is made, 
his or her understanding of the factors that are important for release of a new 
cultivar can directly influence the outcome. Those factors should play a key role 
in determination of the objectives of a breeding program, development of ap
propriate sources of genetic variability, and selection and testing of potential 
cultivars . 

Examples of Release Procedures 

The principles of the decision-making process that are involved in the release 
of a genotype will be illustrated by outlining the procedures used by a public 
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and by a private company. Release of a soybean cul ti var will be used in the 
example for both institutions. 

I. Public institution 
The procedures for release and distribution of cultivars by the Iowa Ag
riculture and Home Economics Experiment Station at Iowa State Uni
versity are presented in App. C. The procedure described for soybeans 
will differ in certain details from other crop species, but the principles 
of the decision-making process will be similar. 
a. First year 

The first replicated test of a line is conducted by the breeder at two 
locations in Iowa. The lines with the best performance are selected 
by the breeder without any outside approval. 

b. Second year 
The second replicated test is conducted by the breeder at three locations 
in Iowa. The breeder selects the best lines without any outside ap
proval. 

c. Third year 
Lines are evaluated in a regional test conducted cooperatively by public 
breeders in states where the maturity of the line is appropriate. Each 
breeder who conducts the test recommends whether a line should be 
discarded or evaluated another year. The final decision on additional 
testing of lines developed in Iowa is made by the breeder without 
approval from the Experiment Station. 

d . Fourth year 
Lines are evaluated extensively in the cooperative regional test by all 
states that are likely to be interested in growing cultivars of that 
matunty on a commercial scale. All breeders who conduct the test 
recommend whether lines should be discarded or evaluated again. The 
final decision for Iowa lines is made by the breeder without approval 
from the Experiment Station. 

e . Fifth year 
A third year of evaluation in the cooperative regional test is conducted 
before a line is considered for release. The breeder of a line in Iowa 
decides if the line warrants consideration for release in that state. If 
so, a formal request for release must be made to the Agricultural 
Experiment Station. The Experiment Station requires that a form be 
prepared by the breeder that documents the attributes of the genotype 
and the reason for its proposed release (App. D) . The request must 
be approved first by the executive officer of the department to which 
the breeder is responsible. The executive officer asks the advice and 
approval of a committee of staff members from the department. The 
committee consists of plant breeders , extension personnel , and seed 
production specialists. If the committee approves the request and the 
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executive officer concurs, the document is signed and forwarded to 
the Experiment Station. 

The associate director of the Experiment Station appoints a review 
committee of staff from several departments that usually include ge
netics, agronomy, horticulture, and plant pathology. The breeder who 
developed the line is not a member of the committee. If approval is 
given by the review committee and the associate director concurs, the 
line is released as a cultivar in Iowa. Agricultural Experiment Stations 
from other states and the USDA are given the opportunity to participate 
in the release of the cultivar. 

2. Private company 
a. First year 

The initial evaluation of soybean lines is conducted in replicated tests 
at two locations by the breeder. Selection of lines for additional eval
uation is done by the breeder without approval from other persons in 
the company. 

b. Second year 
Lines are evaluated in replicated tests at about five locations. On the 
basis of the results, the breeder selects lines for additional testing. A 
form is prepared for each selected line that includes its parentage, 
morphological characteristics, agronomic performance, and reactions 
to relevant diseases , nematodes, insects, and soil problems . The breeder 
decides which lines will be tested the third year. 

c . Third year 
Lines are evaluated at 10 to 15 locations by the breeder who developed 
them and by breeders at other stations of the company. The breeder 
uses results of the tests in the third year to select lines that merit 
additional evaluations and to prepare a detailed description of the 
performance of each selected line. The decision to test a line the 
following year must be approved and an appropriate form signed by 
two other soybean breeders and by the research manager for soybeans. 
Approval also is required from the manager of the division responsible 
for production and marketing of a new soybean cultivar. 

d . Fourth year 
A line is extensively evaluated in replicated tests by soybean breeders 
of the company . It also is evaluated by agronomists of the company 
in management trials, including row spacing and plant population 
tests . 

The decision to release a cultivar generally is made after the fourth 
year of evaluation. The release is based on performance data obtained 
by the breeders and agronomists . Consideration is given to charac
teristics important for the production of high-quality seed for sale to 
farmers. Sales are projected for several years and seed supplies are 
evaluated. The decision to release a new cultivar must be approved 
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by the originating breeder, the research manager for soybeans, the 
person responsible for producing seed of the cul ti var, and the manager 
of the division responsible for production and marketing. Final ap
proval must be given by the president of the company. 

DISTRIBUTION PROCEDURES 

The distribution of a cultivar to the commercial growers of a crop is a major 
undertaking. Seed or vegetative propagules must be carefully multiplied and 
effectively merchandised . The distribution process involves many persons, each 
with important responsibilities. 

Private Companies 

Distribution of a cultivar is controlled by the originator or its designated rep
resentative. Some private breeding companies maintain direct control over all 
aspects of multiplication and merchandising . Other companies specialize in plant 
breeding and obtain a royalty from firms that multiply and merchandise their 
cultivars. There are companies that specialize in the production and distribution 
of seed or vegetative propagules to other companies, which in tum make the 
final multiplication for sale to commercial growers. 

Public Institutions 

Public institutions that conduct breeding programs include primarily the U.S. 
Department of Agriculture (USDA) and State Agricultural Experiment Stations. 
Guidelines for the release and multiplication of cultivars developed by those 
institutions are described in App. B. Despite these guidelines, there is consid
erable variation among crops and public institutions in the procedures used to 
distribute a new cultivar. 

A public institution generally is not involved in the direct sale of a cultivar 
to a commercial grower. The most common strategy is to distribute seed stock 
of a cultivar to one or more private companies that are responsible for its mul
tiplication and marketing. The originator may permit unrestricted use of the 
genotype or may regulate its distribution to varying degrees. Some institutions 
make a cultivar available without charge, and others assess a royalty for its use . 
This diversity of strategies can be examined by considering independently the 
philosophies and procedures of the USDA and that of the State Agricultural 
Experiment Stations. 
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USDA. A breeder of the Agricultural Research Service (ARS) of the USDA can 
develop cultivars alone or in cooperation with scientists from State Agricultural 
Experiment Stations. When the ARS is the sole owner of the cultivar, it has the 
option of obtaining a plant variety protection certificate or a patent, depending 
on the species involved . It can grant exclusive rights for distribution of a cultivar 
to an individual or a company if this is considered necessary to promote use of 
the cultivar, and can collect a royalty. The revenue would be paid to the U.S. 
Treasury without any percentage being provided to the ARS or the breeder. 

Although the ARS has several options for the distribution of cultivars de
veloped solely by it, the philosophy has been to provide a cultivar to users 
without remuneration. Plant variety protection has not been obtained for any 
cultivars, up to the present time. 

The most common situation is for the ARS to develop a cultivar in cooperation 
with scientists from State Agricultural Experiment Stations, including breeders, 
pathologists, and entomologists. There are no published rules for determining 
when the ARS is a coowner of a cultivar, but two general principles have been 
used . ARS is assumed to be a coowner when the ARS scientist is the recognized 
leader of a cooperative cultivar development program or when the ARS scientist 
makes decisions that directly influence the development and eventual release of 
a cultivar. 

The ARS and the State Agricultural Experiment Station cooperate as coown
ers of a cultivar in the decisions concerning its distribution. The ARS will 
participate in the application for plant variety protection or a patent if initiated 
by and paid for by the Experiment Station or its designated representative. The 
details related to seed distribution generally are handled by the Experiment 
Station. 

State Agricultural Experiment Stations . The procedures for distributing cultivars 
developed by State Agricultural Experiment Stations vary with the type of cul
tivars involved and the philosophy of the originating institution. In some situ
ations, the distribution is managed by an independent company or corporation 
that has a contract or mutual understanding with the Experiment Station . The 
Experiment Station and the breeder may or may not benefit financially from the 
sale of the genotype. These alternatives will be reviewed by examining proce
dures used by the Iowa Agriculture and Home Economics Experiment Station 
at Iowa State University . 

Distribution Agencies. The Iowa Agriculture and Home Economics Experiment 
Station distributes cultivars through two independent corporations closely aligned 
with the university: the Committee for Agricultural Development and the Iowa 
State University Research Foundation, Inc. The Committee for Agricultural 
Development is a nonprofit , nonstock corporation that was formed to assist the 
Experiment Station in the distribution of new germplasm. As an independent 
corporation, it can collect , disburse, and invest revenue more readily than the 
Experiment Station itself. Any revenue received that exceeds the expenses of 
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the corporation is used to support activities of the Experiment Station. The close 
relationship between the Committee for Agricultural Development and the Ex
periment Station is ensured by the makeup of the Board of Directors of the 
corporation. Four permanent members of the Board are the president of Iowa 
State University, the dean of the College of Agriculture, the associate director 
of the Experiment Station, and the head of the Department of Agronomy. Ad
ditional members with limited terms on the Board are from outside the University 
and include farmers and seed producers. The persons employed by the Committee 
for Agricultural Development to operate the corporation are staff members of 
Iowa State University . 

The Iowa State University Research Foundation is an independent corporation 
that facilitates the distribution of inventions developed by staff members of Iowa 
State University. Its Board of Directors include the president and other admin
istrators of the University, and its employees are staff members of the University. 
Any revenue obtained in excess of expenses is used to support research of the 
University . It is the policy of the Research Foundation that a percentage of the 
revenue received from an invention, in excess of the expenses incurred, is given 
to the inventor. For a patent of a plant cultivar, the inventor would be the breeder 
who developed it. 

Methods of Distribution. Nonexclusive distribution. The majority of the cul
tivars developed by the Experiment Station are distributed by the Committee for 
Agricultural Development on a nonexclusive basis. A distribution is nonexclusive 
when seeds or vegetative propagules are sold to a number of individuals or 
companies that increase and merchandise the cultivars. A royalty could be charged 
for each unit sold to commercial growers, but that has not been done up to the 
present time . 

Nonexclusive distribution is used for cultivars that can be readily sold by a 
number of competing individuals or companies. The Committee for Agricultural 
Development distributes foundation seed of oat and soybean cultivars on a non
exclusive basis. The foundation seed is used to produce certified classes of seed 
for sale to farmers . Only the Committee for Agricultural Development can dis
tribute foundation seed of oat and soybean cultivars. Therefore, a seed producer 
who annually produces the registered class of seed must purchase foundation 
seed from the organization each year. 

Inbred lines of maize and sorghum are distributed on a nonexclusive basis 
by the Committee for Agricultural Development. Individuals and companies can 
use the inbred lines without restriction for the production of commercial hybrids. 
They can purify and increase their own seed of the inbred line each year; there
fore, they only need to purchase seed of the inbred line from the Committee for 
Agricultural Development one time. 

Committee for Agricultural Development also distributes on a nonexclusive 
basis germplasm that is intended for use by public and private breeders . This 
germplasm includes parents for hybridization and populations in which selection 
could be conducted . 
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Exclusive distribution . A limited number of cultivars developed by the 
Experiment Station are distributed exclusively to a single company or corporation 
by the Iowa State University Research Foundation or the Committee for Agri
cultural Development. The Foundation manages only the exclusive distribution 
of cultivars that are patented (App. E) . The Foundation obtains a patent for the 
breeder (inventor) and negotiates a contract with a company for the exclusive 
distribution of the patented cultivar. Royalties from the company are used by 
the Foundation to pay for expenses of the patenting process . A percentage of 
any additional income is shared with the inventor. 

Exclusive distribution by the Committee for Agricultural Development has 
been used for cultivars of forage species that have a limited seed market. A 
cul ti var with a limited market may never be properly distributed on a nonexclusive 
basis because seed companies could not afford the expense of promoting it in 
competition with each other. An exclusive distribution was used by the Com
mittee for Agricultural Development for the 'Carroll' cultivar of birdsfoot trefoil. 
A Memorandum of Understanding was negotiated between the Committee for 
Agricultural Development (CAD) and a seed company with experience in the 
distribution of seed of forage species. The Memorandum had the following 
statement that described the purpose of the exclusive distribution. 

It is the mutual desire of the CAD and the Company to promote the widespread use 
of Carroll birdsfoot trefoil, a superior variety. Both parties feel that the granting of 
the exclusive rights for the production, promotion. distribution, and selling of Certified 
Seed of this variety to the Company is the best means of achieving the goal. It is 
the belief of the cooperating parties that this promotion will be to their mutual benefit 
and to the benefit of the people of Iowa. 

A royalty was paid to the Committee for Agricultural Development for all certified 
seed of the cultivar that was sold. 

Asexually propagated cultivars that are not patented have been distributed 
on an exclusive basis by the Committee for Agricultural Development. An agree
ment was made with the Iowa Nurserymen's Research Corporation for the for
sythia cultivar ' Iowa Selection Sunrise. ' The Research Corporation is made up 
of a number of private companies in Iowa that increase and sell plants of asexually 
propagated cultivars of horticultural species. The Research Corporation agreed 
to pay a royalty to the Committee for Agricultural Development for each rooted 
cutting distributed to member nurseries . None of the income from this or any 
other cultivar distributed by the Committee for Agricultural Development is 
shared with the breeder who developed it. 

LEGAL RIGHT OF OWNERSHIP 

In the United States, legal ownership of a new cultivar can be obtained through 
a plant patent or plant variety protection certificate. The legal owner has the 
right to control who multiplies and sells the cultivar to commercial growers . 
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This control provides an opportunity for the originator to profit from its invest
ment in plant breeding. 

Plant Patent 

A patent can be obtained for asexually propagated plants that are not reproduced 
by seeds. The cultivar must be distinct from any other cultivar of the species . 
The commercial value of a cultivar and its performance relative to that of other 
cultivars are not considerations in granting a patent. 

An example of a plant patent is presented in App. E. The person who 
developed the cultivar is considered the inventor. The assignee is the individual, 
company, or corporation that has been chosen by the inventor to apply for and 
administer the patent. The inventor can make the application for a plant patent 
personally without assigning the responsibility to others. 

A plant patent provides the same legal protection as a patent for a machine 
or design. The inventor or assignee has the legal right to control the multiplication 
and sale of the cultivar for a specified number of years. Anyone who sells the 
cultivar without the permission of the patent owner can be prosecuted. 

The cost of a plant patent exceeds 1000 dollars. Information about plant 
patents can be obtained from the Patent and Trademark Office in Washington , 
D. C. 

Plant Variety Protection 

Legal ownership of cultivars reproduced sexually by seeds can be obtained by 
plant variety protection. The inbred lines used to produce a commercial hybrid 
cultivar can be protected, but not the hybrid per se. The Plant Variety Protection 
Act was established through Public Law 91-577 approved by the U. S. govern
ment on December 24, 1970. Before the law was enacted, it was not possible 
to obtain legal ownership of seed-propagated cultivars or inbred lines. 

The criteria by which a cultivar is evaluated for plant variety protection are 
novelty, stability , and uniformity. A cultivar must have readily distinguishable 
characteristics that make it novel from every other cultivar of the species. The 
novelty statement that describes the distinguishing characteristics is a part of the 
application form (App. F). After an application is made , the characteristics of 
the cultivar are compared with those of every other cultivar that has been de
scribed for the species, both past and present. If another cultivar is found with 
the same characteristics, protection will not be granted unless the originator 
identifies a trait for which they differ. Any qualitative or quantitative character 
can be used regardless of the commercial value of the trait. A quantitative 
character, such as yield, can be used only if assurance can be provided that the 
ranking of a cultivar in comparison with another for that character will not change 
across environments . 
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The novelty characteristics of cultivars that have been protected are published 
quarterly in the Plant Variety Protection Office Journal available from the Plant 
Variety Protection Office; Livestock , Meat, Grain & Seed Division; Agricultural 
Marketing Service; U.S. Department of Agriculture, National Agricultural Li
brary Building , Beltsville, Maryland 20705. The following examples of novelty 
were taken from Volume 10, No. 3, July-September 1982 . 

'Score' cultivar of garden bean developed by Moran Seeds, Inc . 

' SCORE' is most similar to ' PICKER '; however, the foliage color of ' SCORE' is 
dark green (Royal Horticultural Society 131 B). whereas foliage color of 'PICKER' 
is yellow-green (RHS 1358) . Also, pod color of 'SCORE', is RHS 143C, whereas 
pod color of 'PICKER· is 143A. Pods of 'SCORE' are borne high on the bush , 
whereas pods of ' PICKER ' are scattered . 

' Deltapine 30' cultivar of cotton developed by Delta and Pine Land Co. 

'DELTAPINE 30' most closely resembles 'DELTAPINE 70'; however, 'DELTA
PINE 30' has a higher micronaire reading (5.2 vs 4.8) and weaker fiber (Stl 23 .7 vs 
24.2 Gffex) than 'DELTAPINE 70'. 

' Southern States 76-30' cu ltivar of oat developed by Coker's Pedigreed Seed 
Co. 

'SOUTHERN STATES 76-30 ' is most similar to 'COKER 716 '; however, 'SOUTH
ERN STATES 76-30 ' is 2 or more days earlier and approximately 6 cm taller ( 100 
vs 94 cm) than 'COKER 716'. 'SOUTHERN STATES 76-30' has a hairy lemma 
dorsal surface, whereas the dorsal surface of lemmas of 'COKER 716' is hairless. 

'Orange Cayenne' cultivar of pepper developed by Tommy Bolack. 

'ORANGE CAYENNE' is most similar to 'CAYENNE LONG RED ' ; however, 
'ORANGE CAYENNE' has bright orange mature fruit, while 'CA YEN NE LONG 
RED ' has bright red mature fruits . 

' 2553' cultivar of common wheat developed by Pioneer Hi-Bred Interna
tional , Inc . 

'2553' is most similar to ' S76 '; however. ·2553• is susceptible to Races A, B, C, 
D, and F of Hessian Fly while 'S76 ' is resistant. Phenol reaction for '2553' is light 
brown to brown while the phenol reaction for ' S76 ' is dark brown to black. 

A cultivar is stable that can be reproduced for multiple generations of seed 
production without changes in its characteristics. It must be uniform to the extent 
that variants are properly described, predictable, and commercially acceptable. 

The originator must specify the role of seed certification in the sale of the 
cultivar to commercial growers (App. F). One option is to require that all seed 
be sold by cultivar name only as a class of certified seed. This option prevents 
anyone from putting a brand name on the seed with the statement "Variety not 
stated" (App. G). All seed of the cultivar that is sold must have passed the 
requirements of an official seed certifying agency and the seed container must 
be labeled accordingly . Another important aspect of the certification option 
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relates to the prosecution of individuals or companies that merchandise the 
cultivar without permission of the owner. When the certification option is chosen, 
the U.S. government has the responsibility to protect the rights of the owner. If 
an owner believes that someone is selling the cultivar illegally , the U.S. gov
ernment conducts an investigation and obtains an appropriate settlement, if nec
essary. 

The second option for sale of a cultivar is to permit the sale of either certified 
or uncertified seed. With this option , the owner can use a brand name and not 
disclose the cultivar name by use of the statement "Variety not stated ." The 
option to sell certified or uncertified seed makes owners responsible for safe
guarding their rights to a protected cultivar. Owners who believe someone is 
illegally selling seed of their cul ti vars are responsible for all legal action required 
to prosecute the offender. 

Plant variety protection does not prevent commercial growers from multi
plying and planting seed of a cultivar for their own use. Farmers can plant a 
protected cultivar on their farm and save seed from the harvest to plant the 
cultivar the next season without paying any money to the owner. A protected 
cultivar can be used by any individual or company as a parent for hybridization 
or mutation. It also can be used.for research experiments, such as studies on 
physiology and disease resistance . 

Plant variety protection provides an owner with legal rights to a cultivar for 
18 years. After that time, the cultivar can be multiplied and sold by anyone as 
certified or uncertified seed. In emergency s ituations when the production of 
food for humans, feed for livestock, or plant material for industry is threatened, 
the Secretary of Agriculture of the U.S. government can make a protected cultivar 
available to the public for multiplication and sale. 

The application for plant variety protection must be made within a specified 
time period after the cultivar is commercially available. The fees charged by the 
Plant Variety Protection Office for protecting a cultivar exceed 1500 dollars. 
When the initial application is filed, seed of the cultivar may be labeled "Un
authorized propagation prohibited- U.S . Variety Protection applied for." After 
the application has been examined and a certificate of protection has been issued , 
seed of the cultivar may be labeled "Unauthorized propagation prohibited- U .S. 
protected variety." 

SEED CERTIFICATION 

The seed of cultivars or a planned seed mixture (multiline) of cultivars can 
be certified for genetic identity and purity by an official seed certifying agency. 
Each state in the United States independently determines which agency or 
agencies , if any, will be responsible for seed certification. The agency estab
lishes for the state the requirements that must be met and administers the cert
ification program . Most seed certifying agencies in Canada and the United 
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States are members of the Association of Official Seed Certifying Agencies 
(AOSCA). 

One of the important activities of AOSCA is to establish minimum standards 
for genetic purity and identity for the classes of certified seed. No member of 
the organization may use lower standards for its individual certifying agency, 
but it may establish higher standards. AOSCA also recommends minimum stan
dards of seed quality , such as germination percentage; however , no member 
agency is required to include seed quality as a criterion for certification. 

Despite the important coordinating role of AOSCA, the voluntary nature of 
seed certification in the United States makes it difficult to generalize about the 
system. A company that merchandises seed in several states may encounter 
different requirements that must be met. All seed certifying agencies must have 
standards for genetic purity , but the standards for agencies in different states 
may not be the same . Some agencies require that standards for seed quality must 
be met for certification. The agencies in some states require that performance 
data must be obtained by them or their designated representative each year a 
cultivar or multiline is certified. 

To simplify a review of the principles of seed certification , the procedures 
and standards of AOSCA will be used . Anyone interested in certifying seed in 
a particular state should become familiar with the procedures and standards used 
by the appropriate certifying agency. 

Cultivars Eligible for Certification 

A cul ti var or multiline must be approved for certification by at least one certifying 
agency that is a member of AOSCA or by the National Certified Variety Review 
Board for the crop . The procedures and requirements of the National Certified 
Variety Review Boards are representative of those that would be used by indi
vidual agencies. 

Review boards have been establi shed by AOSCA for alfalfa, grass, small 
gra in . soybean, forage legumes other than alfalfa, and sunflower. Their purpose 
is to advi se member agencies on the eligibility of cultivars for certification. 
Before the review boards were establi shed , it was necessary for the originator 
to prepare an application for the agency in each state where the cultivar was to 
be certified , and each agency had to review the information independently . With 
the establi shment of the rev iew boards , it became possible for an originator to 
make a si ngle application for elig ibility that would apply to more than one state. 
The member agencies of AOSCA generally accept for certification any cultivar 
approved by the review board. but are not required to accept the board ' s decision. 
If a culti var is not approved by the review board , the originator may request 
approval from individual agencies. 

The review boards are made up of members from public and private insti
tutions. Organizations represented include AOSCA , American Seed Trade As-
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sociation, Crop Science Society of America, National Council of Commercial 
Plant Breeders, and U.S. Department of Agriculture. The Plant Variety Protec
tion Office is represented by a nonvoting member. The review boards meet at 
least once annually to review applications. 

The application form prepared by the originator is not the same as that used 
for plant variety protection; however, much of the information requested is similar 
(App. H). The information includes a statement of the breeding procedures used 
to develop the cultivar, a description of the cultivar's morphological and phys
iological characteristics, its reactions to diseases and insects, and procedures for 
maintenance of seed stocks. 

Classes of Certified Seed 

The classes of seed in the certification program of the United States are breeder, 
foundation, registered , and certified (App. I). The originator of the cultivar can 
specify the number of classes that will be used. 

Breeder seed is produced under the direct control of the originator of the 
cultivar or its designated representative, and is expected to have the highest level 
of genetic purity of any class of seed. Breeder seed can be used to produce the 
foundation, registered , or certified classes. 

Foundation seed is produced from breeder seed or from foundation seed per 
se under the control of the originator or its designated representative. Foundation 
seed can be used to produce the registered or certified classes. In some cases , 
it is sold to farmers for planting. 

Registered seed is produced from breeder or foundation seed . It can be used 
to produce certified seed, and is commonly used by farmers for commercial 
planting. 

Certified seed is produced from breeder, foundation, or registered seed . It 
generally is not used to produce additional generations of certified seed, except 
when foundation seed of an old cultivar is not maintained or in an emergency 
when supplies of foundation or registered seed are not adequate to plant enough 
area for certified seed production . 

Standards of Genetic Purity 

Certification involves inspection of the crop in the field and of samples of the 
harvested seed. Each field or designated area is considered an independent unit 
or lot for certification. If seed of a cultivar is produced in 100 separate fields, 
each field is considered independently for acceptance or rejection . The field and 
seed inspections are made by employees of the certifying agency . 

The requirements that must be met for certification differ for each crop. A 
field chosen to produce a class of certified seed must meet certain requirements 
for the types of crops previously grown on it. In general, the land must be free 
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of volunteer plants of the same species, and no material can be applied to the 
field before or after planting that may contain seeds or plant parts that would 
result in the production of off-type plants. The field must be properly isolated 
from sources of pollen or seed that would cause a reduction in genetic purity. 

The percentage of off-type plants that can be present varies with the crop 
species and the class of seed being produced. The maximum percentages of off
type plants that can be present in rice are 0.0 I for foundation, 0.02 for registered, 
and 0.1 for certified. The maximum percentages for peanuts are 0.1 for foun
dation, 0.2 for registered, and 0.5 for certified. 

Samples of seed are inspected from each field. Standards of genetic purity 
are established for each crop species and class of seed. The maximum percentages 
of off-type seeds for cotton are 0.03 for foundation, 0.05 for registered, and 0.1 
for certified. The maximum percentages for barley are 0.05 for foundation, 0.1 
for registered, and 0.2 for certified. 

Seed Conditioning 

The cleaning and preparation of seed for distribution, referred to as conditioning, 
only can be done by individuals or companies that are approved by a certifying 
agency on an annual basis. Approved conditioners must have facilities that can 
condition seed without introducing mixtures. They must be able to maintain the 
identity of seed and keep records on its disposition. 

Seed Labeling 

The bag or container in which a class of certified seed is sold must have an 
official certification label attached to it. The labels must meet the specifications 
of the certifying agency. The colors commonly specified for the classes of seed 
are white for foundation , light purple for registered, and light blue for certified . 
The label contains the name of the certifying agency, an identification number 
for the lot of seed, the cultivar name, the crop, and the class of seed (App. I). 

Certification of Cultivar Mixtures or Blends. 

Planned seed mixtures (multilines or blends) of cultivars are certified by some 
agencies. The following are the 1985 requirements of the Iowa Crop Improvement 
Association. 

Certification of Varietal Blends 
a. A blend to be certified shall be approved by the Board of Directors. 
b. Permission to use a protected or private variety in a blend must be obtained 

from the breeder or owner of the variety . This evidence must be submitted 
by the blender to the certifying agency. 
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c. Each year that a blend is offered for sale, current performance data from tests 
conducted by or for the Association the previous year shall be available to the 
purchasers of seed. A blend shall be tested at two or more locations in its area 
of adaptation in comparison with appropriate check varieties . The fee for testing 
shall be paid by the breeder, sponsoring organization or institution . 

d. A given component of a blend shall be not less than 15 percent of the whole 
on a weight basis. The sampling tolerance limits of each component shall not 
exceed plus or minus I 0 percent of the whole also on a weight basis . No more 
than four components (varieties) may be used in a given blend . 

e . The components of a blend must have met all field and seed requirements for 
certification previous to blending . 

f. Only Approved Seed Conditioners may blend varieties to be sold as certified 
seed. 

g. The Approved Seed Conditioner shall demonstrate the ability to blend varieties 
within specified tolerances . 

h. The size of a given lot of a given blend shall not exceed 3000 bushels. 
i. The components and their proportions within a blend shall be recorded in the 

files of the Iowa Corp Improvement Association. and this formula shall not 
vary between lots and between years . Closed formulas will be retained in 
confidence. 

The blendor has the option of stating or not stating the name of the varietal 
components and proportions on the label provided there is compliance with 
state and federal laws. 

J. Any additional expenses incurred for sampling. testing. etc. in the certification 
of blends shall be paid for by the Approved Conditioner making the blend. 

k. The certification tag shall carry the following information : 

(I) Protected varieties (as required by owner) 
Iowa Certified Seed 

Blend and Kind ----------------------
Component A % by wt . %gem1. _________ _ 
Component B % by wt. ______ _ % germ. _________ _ 

Component C % by wt. ______ _ %gem1. ----------
Lot No. _____ _ 

Approved Seed Conditioner No . affirms that all the varieties in 
the blend of seed to which this tag is attached have passed field and seed certification 
requirements of an official seed certifying agency. Tag Serial 
No. _______ _ 

(2) Non-protected varieties or protected varieties where owner docs not require li sting 
of components on tag . 

Iowa Certified Seed 
The Approved Seed Conditioner listed below affirms that the seed to which this 
tag is attached is a blend of varieties that have passed field and seed certification 
requirements of an official seed certifying agency . VARIETIES NOT STATED 

Blend and Kind 

Lot Number -----------------------
Approved Seed Conditioner Number -------------
Tag Serial No . 
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REGULATORY AGENCIES 

The distribution of seed in the United States is controlled by federal and state 
laws. The general nature of the regulations will be examined by considering 
those established by the federal government. The infonnation is taken from five 
pamphlets entitled Federal Seed Act: Interstate Commerce. Foreign Commerce, 
and General Regulations; Seed Testing Regulations; Certified Seed Regulations; 
and Rules of Practice . Copies are available from the Seed Branch, Grain Division, 
Agricultural Marketing Service, U.S. Department of Agriculture, Washington, 
D. C. 20250. 

The Federal Seed Act was approved on August 9, 1939, and has been 
amended when necessary by the U.S. Government. The purpose of the Act is 
to "to regulate interstate and foreign commerce in seeds; to require labeling and 
to prevent misrepresentation of seeds in interstate commerce; to require certain 
standards with respect to certain imported seed; and for other purposes." 

One important responsibility of the Act is to regulate the infonnation that 
must be provided about the seed that is being distributed and merchandised in 
interstate commerce. Each container must have a label with appropriate infor
mation, some of which is the following: 

1. The name of the crop species and the name of the cultivar for each seed 
component present in excess of 5 percent of the whole and the percentage 
by weight of each component. The name of the cultivar can be replaced 
by the statement "Variety not stated," except when a certificate of plant 
variety protection specifies that it only can be sold by variety name as a 
class of certified seed . 

2. Location where the seed was produced. 
3. Percentage by weight of weed seeds. 
4. Percentage by weight of seeds of other crops. 
5. Percentage by weight of inert matter. 
6. Gem1ination percenrages of appropriate components of the seed, and the 

calendar month and year the test for gennination was completed. 

State seed laws may vary from that of the Federal Seed Act. For example, 
the Fed:>:ral Seed Act pennits use of the statement "Variety not stated" as a 
substitute for the cultivar name , unless prohibited by a certificate of plant variety 
protection. The seed laws of some states require that the variety name always 
be stated, and prohibit use of the statement "Variety not stated." 

Personnel from an appropriate federal or state agency are responsible for 
enforcing the seed laws. Periodic checks of seed are made to ensure that the 
laws are being properly followed. Violation of the laws can prevent the sale of 
seed and may result in financial penalties. 
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