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Preface

In 1991 the United States International Trade Commission initiated its current Industry and
Trade Summary series of informational reports on the thousands of products imported into and
exported from the United States. Each summary addresses a different commodity/industry
area and contains information on product uses, U.S. and foreign producers, and customs
treatment. Also included is an analysis of the basic factors affecting trends in consumption,
production, and trade of the commodity, as well as those bearing on the competitiveness of
U.S. industries in domestic and foreign markets.!

This report on seeds covers the period 1989 through 1993 and represents one of approxi-
mately 250 to 300 individual reports to be produced in this series during the first half of the
1990’s. Listed below are the individual summary reports published to date on the agricultural,
animal, and vegetable products sector.

usirc
publication Publication
number date ... ........ Title
2459 November 1991 ........ Live Sheep and Meat of Sheep
2462 November 1991 ........ Cigarettes
2477 January 1992 ........... Dairy Produce
2478 January 1992 ........... Oilseeds
2511 March 1992............ Live Swine and Fresh, Chilled, or
Frozen Pork
2520 June 1992 ............. Poultry
2544 August 1992 ........... Fresh or Frozen Fish
2545 November 1992 ........ Natural Sweeteners
2551 November 1992 ........ Newsprint
2612 March 1993 ............ Wood pulp and waste paper
2615 March 1993 ............ Citrus Fruit
2625 April 1993 .. ........... Live Cattle and Fresh, Chilled or
‘ Frozen Beef and Veal
2631 May 1993 ............. Animal and Vegetable Fats and Oils
2635 May 1993 ............. Cocoa, Chocolate, and Confectionery
2636 May 1993 ............. Olives ’
2639 June 1993 ............. Wine and Certain Fermented Beverages
2693 November 1993 ........ Printing and Writing Paper
2726 January 1994 ........... Furskins
2737 March 1994 ............ Cut Flowers
2749 March 1994 ............ Paper Boxes and Bags
2762 April 1994 . ............ Coffee and Tea
2865 April 1995 ............. Malt Beverages
2859 May 1995 ............. Seeds

1”['he. information and analysis provided in this report are for the purpose of this report only.
Nothing in this report should be construed to indicate how the Commission would find in an investiga-
tion conducted under statutory authority covering the same or similar subject matter.
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INTRODUCTION

This summary report provides information on most
commonly known seeds for sowing.! Included are
seeds, fruits, and spores? of a kind used for sowing.
The primary groups of these are beet seeds and forage
plant seeds— alfalfa, clover, fescue, Kentucky blue
grass, rye grass, timothy grass, and miscellaneous grass
seeds. Also included are seeds of herbaceous plants
cultivated primarily for their flowers (flower seeds),
vegetable seeds, tree seeds, grain (cereal) seeds, and
mushroom spawn.?  Also included are products
classified as seed in the Harmonized Tariff Schedule of
the United States (HTS) although seeds such as edible
celery seed are often used for purposes other than
sowing. Whenever possible, this summary discusses
seed groups in accordance with HTS headings.
Mushroom spawn is provided for in chapter 6 of the
HTS. The remainder of the seeds are provided for in
chapters 7, 10, and 12 of the HTS. Seeds that are
excluded from this summary include the oilseeds, such
as soybean, flax seed, and grain and legume seeds for
which there are no separate HTS provisions for seeds
for sowing.

The world seed market is valued at about $45
billion. The seed industry estimates that 40 percent of
the world’s approximately 1,500 seed companies are
located in the United States. The largest seed company
in the world is a U.S.-based multinational, Pioneer
Hi-bred* with activities in over 40 countries, and
worldwide annual seed sales in the neighborhood of
$1.3 billion’. In 1993 the United States exported close
to $580 million of seeds, and had a positive seed trade
balance of over $374 million. Corn seed is the most
significant U.S. seed exported. In 1993, the United
States exported close to $168 million worth of corn
seed, accounting for 29 percent of all U.S. seed
exports.® Although U.S. seed production data are no
longer published, approximately 15,000 farms
produced seeds on about 476,000 hectares in 1982.7

1 The seeds covered in this summary are those which
are specially provided for in the Harmonized Tariff
Schedule of the United States (HTS).

2A spore is defined as a germ, germ cell, seed, or the
like; a germ is defined as a bud, offshoot or seed. In
seed plants, the spore is the first cell of the gametophyte
generation. The micro spore and the mega spore produce
male and female gametes (or seed cells), respectively.

3 Spawn is defined as the mycelium of mushrooms,
especially of the species grown for the market (mycehum
is the vegetative part of the fungi). Spawn is a common
term applied to a mixture of fungal mycelium and
nutritive organic material for the artificial propagation of
mushrooms.

The mention of a corporation or product is in no
way meant to imply endorsement by the U.S.
Government.

5 Rabobank, Utrecht, Netherlands.

6 Compiled from official statistics of the U.S.
Departrnent of Commerce.

7 U.S. Department of Commerce, Census of
Agriculture (1982), the last year for which data are
available.

Information in this report discusses the structure of
the U.S. and foreign seed industries, domestic and
foreign tariff and nontariff measures, and the
competitive conditions in domestic and foreign seed
markets. The analysis generally covers the period
1989-93.

The seed industry is broadly composed of three

sectors: production, marketing, and research and
development (R&D). Seed producers include four
groups: ‘“‘non-commercial” seed farmers and producers

who hold back a portion of the current crop as seed for
the next crop; farmers who propagate and multiply
seeds for sale3; farmers who propagate and multiply
seeds under contract for large seed-marketing or
development firms; and  seed-marketing or
development firms that themselves directly propagate
and multiply seeds on their research stations.

The second sector, the marketing sector, is
composed of farms and firms that market seeds. Seeds
are marketed by farmers as well as by firms that range
in size from local, family-run firms to multinational
distributors such as Pioneer Hi-bred.

The third sector is seed R&D firms that concentrate
on improving current seed varietals in order to produce
plant varieties with more of the desirable traits. Seed
R&D  activities draw  together  botanical,
bio-engineering, horticultural, and other disciplines.
R&D activities range from traditional manual
pollination  in  greenhouses to  high-cost
biotechnological® processes—such as recombinant
DNA and genetic engineering—that must take place in
the laboratory. In the United States, seed research is
undertaken by the U.S. Department of Agriculture and
the land-grant universities, as well as by private seed
marketing-development firms.

The United States is a major world producer, with
about 500,000 hectares devoted to seed production.10

8 Multiplication of protected varieties is controlled
under the provisions of the laws controlling intellectual
property rights (IPR), as discussed below.

? For a discussion of biotechnology, please refer to
U.S. International Trade Commission (USITC), Office of
Industries, USITC Staff Research Study 17, An Overview
of Commercial Biotechnology in the United States (Nov.
1991). Biotechnology is defined as a rapidly growing,
research-intensive, multidisciplinary range of technologies
that uses living organisms for a variety of pharmaceutical,
agricultural, and chemical purposes. Biotechnology
includes any technique that uses living organisms or
develops microorganisms for specific uses.

10 The U.S. Department of Agriculture no longer
publishes seed production statistics. Data from the U.S.
Department of Commerce publication, Census of
Agriculture (1982), however, indicate that U.S. seeds are

grown on about 500,000 hectares, about 100,000 hectares
of which are irrigated.



Domestic seed producers are known worldwide for
their ability to multiply seeds, and for producing
proprietary varieties (seeds that have been selected
through breeding or other methods for special
characteristics). Seeds from many countries are sent to
the United States for multiplication. The greater part
of domestic consumption is provided by domestic
production.

Barriers to world seed trade include duties,
phytosanitary regulations and nontariff barriers to
protect private industries worldwide. The lack of
adaptability of seeds in one country to the soil and
climate conditions of another is another barrier limiting
seed trade.

It may take 10 to 20 years to develop and market a
new seed. A cooperative relationship between public
and private research institutions, and private seed
development corporations, is important. A strongly
supportive banking-investment sector is also necessary.
The development of a certain seed encompasses
proprietary knowledge. Seed development, production,
and marketing are fostered by an environment that
protects intellectual property rights (IPR).  This
summary includes a discussion of national and
international intellectual property laws designed to
protect proprietary seed products.

PRODUCTION PROCESSES

Seeds constitute one of several means by which
plants reproduce. A seed is defined as a dormant form
of plant life, that is the fertilized, mature ovule of a
flowering plant, containing an embryo or rudimentary
plant. Thus, a seed is part of the sexual reproduction of
a plant. Plants may also be reproduced asexually
through grafts, corms!!, or tubers, as in the case of the
potato. To produce, a seed must first be planted in a
growing medium, such as soil, so that a plant will grow
from which seeds may be harvested. Asexual modes
of plant and seed reproduction are not described by this
summary. '

The Federal Seed Act of 193912 defines a plant
variety as a “subdivision of a kind which is
characterized by growth, plant, fruit, seed, or other
characters by which it can be differentiated from other
sorts of the same kind.” A plant “variety” incorporates
genetically inheritable traits or characteristics such as

11 A corm is the fleshy, bulb-like base of a plant such
as the crocus.

12 Federal Seed Act (Aug. 9, 1939, c. 15, § 1, 53 Stat.
1275), 7 US.C. § 1551 to § 1611.

size, color, taste, degree of pest and disease resistance,
and adaptability to such climatic conditions as
resistance to drought, and other problems. Plant
varieties may result from processes such as initially
cross-pollinating or “mating” varieties to incorporate
the desired traits into a hybrid or offspring of two
different varieties into a new variety. A “varietal
hybrid” seed is the product resulting from the mating
of two varieties. “Seed development” refers to the
process of establishing and improving seed varietal
hybrids.

The formation of seeds in higher plants depends on
processes of sexual reproduction in the flower. Plant
flowers exist to produce seed. The six principal steps

in the development of reproductive plant structures
leading to the formation of seeds are—

1. Formation of stamens containing pollen,
which later form male sperm cells, and
formation of the pistil—the “female” part of
the flower reproduction organ, containing the
ovary,

2. Opening of the flower to signal the sexual
maturity of the plant reproductive organs;

3. Pollination, which transfers the pollen from
the stamen to the pistil;

4. Pollen germination and formation of the
pollen tube;

5. PFertilization of the egg and polar nuclei; and

6. Maturation of the seed.

The various methods of producing improved
varieties include manually cross-pollinating plants to
insure the exchange of genetic material that would not
otherwise occur. Other methods entail the use of
various biotechnological methods (recombinant DNA)
to combine hereditary traits between various plant
tissues, cloning these tissues and then producing seeds
from the new varieties of plants.

SUMMARY SEED CATEGORIES

Mushroom Spawn

Mushroom spawn is used to propagate mushrooms.
It consists of dormant mycelium!3 in a medium that
will sustain it. The medium in which mushroom
mycelium is planted is usually a grain such as rye,
sorghum, or millet. Mushrooms are grown in dark,
moist environments. Spawn is sold to mushroom
producers by the quart, usually in bottles.!4

13 The underground portion of the mushroom fungus.

14 Five-year data on exports, imports, trade balance,
and unit values are listed in appendix A, starting with
table A-1 on mushroom spawn.



Dried Leguminous Vegetables

Dried leguminous vegetables are consumed
primarily as edible vegetables. Dry peas, beans, and
lentils!5 are annual legume crops.!® The edible seeds
of these pod-bearing plants are also called pulses.
There are hundreds of varieties of dry peas, beans, and
lentils marketed around the world. The legume crops
grown from the seeds for vegetable production are not
only important protein sources, but they make
excellent soil conditioners. Legume crops take
nitrogen from the air and add it to the soil, thus
increasing soil fertility for the following crop,
especially in a crop rotation program. Nonlegumes do
not add nitrogen to the soil that it previously did not
contain, they merely take nitrogen from the soil,
replacing only partially what was taken.!?

Cereal Grains

In terms of volume, acreage, and economic value,
cereal grains are among the most important crops in the
United States, with large amounts of seed used to
produce these crops. Corn (maize), wheat, oats, and
grain sorghum seeds for sowing are separately
provided for in chapter 10 of the HTS, and are
included in this summary. Seeds of other cereal grains
(for example, barley, rye, and rice) are not separately
provided for in the HTS and are not included in this
summary.

Although the value of the seeds produced for cereal
crops may not be large, the value of the crops grown
from these seeds has major importance. Corn and
wheat are major U.S. crops, and major components of
U.S. agricultural exports. Many varieties are available
to farmers, who may choose a certain seed based on
such factors as yield, milling characteristics, pest and
disease resistance, and adaptability to a certain region.

Wheat and oats are self-pollinating. A farmer
typically purchases highly developed seeds of a new
wheat or oats variety and then produces his own seeds
for an extended period of time. Thus, the wheat

15 For further information on dry peas and lentils,
please refer to USITC, Dry Peas and Lentils: Conditions
of Competition between the United States and Canada in
Third-Country Markets (investigation No. 332-335) USITC
publication 2167, Apr. 1993.

16 A legume plant bears pods, as do beans, peas, and
cowpeas. This large family is called the legume family,
or the Leguminosae. Legumes are economically important
because of their feeding value; they tend to have a higher
protein feeding value than nonlegumes (not only in the
seeds, but also in the leaves and stems). Legumes also
contain a comparatively large quantity of vitamins A and
D, and calcium and phosphorus.

17 Trade and unit value data for sweet corn, peas,
beans, lentils, and other dried leguminous vegetable seeds
for sowing are shown in tables A-2 to A-11.

or oats farmer does not depend on the seed companies.
On the other hand, the wind pollinates corn and grain
sorghum. Further, virtually all corn and grain sorghum
is grown from hybrid seeds that do not breed true.!3
Therefore, corn and sorghum farmers depend entirely
on being able to purchase certified seeds each year,
although wheat and oats farmers need to purchase
certified hybrid seeds only periodically.l?

Beet Seed

Sugar and table beets are biennial?® plants. Sugar
beet seed is normally produced by the winter annual
method: the seed is planted in August-September,
overwintered?! in the field, and harvested in July. The
seed is separated from the stalk through a milling
operation.

Unlike most of the other kinds of seeds, sugar beet
seed usually does not enter ordinary marketing
channels. Sugar beet seeds generally are produced by,
or for, companies producing beet sugar. These
companies provide the seed to growers who produce
sugar beets on a contract basis.22

Seeds of Forage Plants

The forage plant?3 seeds included in this summary
are alfalfa, clover, birdsfoot trefoil, fescue, Kentucky
blue grass, rye grass, timothy, and other grasses (such
as bent grass, Bermuda grass, bromegrass, orchard
grass, Sudan grass, and wheatgrass).?*

Alfalfa Seed

Alfalfa seed is used in the production of one of the
most widely grown cultivated forage legumes, alfalfa
(Medicago sativa).?> Alfalfa is a perennial crop of
which the soil-improving ability is used in crop

18 Not breeding true means that the seeds produced
from the hybrids are not of the same variety, but rather
will tend to revert to the varieties from which the hybrid
was developed.

19 Trade and unit value data for cereal grain seeds for
sowing are found in tables A-12 to A-15.

20°A biennial plant normally requires two growing
seasons to produce seed.

21 The term overwintered means that, since it takes 2
years for the plant to yield seeds, it must be left in the
field during the winter.

22 Trade and unit value data for beet seed are found in
tables A-16 and A-17.

Forage is feed from plants for livestock, such as
hay, 2gasturage, straw, and silage.

Trade and unit value data for the seeds of forage
plants are found in tables A-18 to A-24.

For more complete information on the U.S. and
Canadian alfalfa industries, please refer to USITC, Alfalfa
Products: Conditions of Competition Between the U.S. and
Canadian Industries (investigation No.332-310), USITC
publication 2472, Dec. 1991.



rotation.  Alfalfa is grown throughout the United
States and is used extensively in domestic markets as

forage for livestock and as an ingredient in compound
feed manufacture.26

Clover Seed

Varieties of clover are grown in virtually all parts
of the United States. Clovers are the largest class of
forage plants.

Although occasionally confused because of their
names, red clover (trifolium pretense) and crimson
clover (trifolium incarnatum) are two quite different
species of clover, as the following tabulation shows:

Crimson clover Red clover
Growing period Annual Perennial
Growing area Oregon Oregon,
California, Washington
Idaho
Use Plowdown Forage/
pasture

Alsike clover seed is used in the production of a
perennial seed and forage legume grown in the
Midwest and the Pacific Northwest. The plant is well
adapted to cool climates and wet soils. It tolerates soils
higher in acidity or alkalinity than most other clovers.
Alsike clover is often grown in mixtures with other
grasses or legumes as a hay or pasture crop.

Most sweet clover seed is used in growing biennial
legumes, but some annual forms are also grown.
Although these legumes are important soil-improving
crops, they are also used for pasture and hay. These
clovers are hardy and drought resistant, growing well
under a wide range of soil and climatic conditions.

White clover (trifolium repens) seed is used in
growing a perennial legume. Ladino clover is a type of
white clover similar to common white, but two to four
times as large. Various forms of white clover are used
throughout the world for pasture, cover crops, and
lawns. When grown in mixtures with grasses and other
legumes, they are often used as hay or silage?’ crops.

Other notable types of clover are alyce, beseem,
hop, Persian, strawberry, and subterranean. These are
classified in a residual (“other”) statistical subheading.
Alyce clover, a summer annual variety, is grown for
hay and soil improvement. Hop, Persian, and beseem
clovers are winter annual varieties grown for pasture,
hay, and silage. Strawberry clover, a long-lived
perennial, and subterranean clover, an annual, are used
primarily for pasture.

26 Trade and unit value data for alfalfa seed are found
in table A-18.

27 Silage is fodder preserved in a silo.

Fescue Seed

Fescue grass is any grass of the genus festuca. It
includes both fine-leaved and coarse-leaved species.
The principal fine-leaved species, Chewings and
creeping red, are perennial grasses that withstand
considerable wear and tear and are found in most lawn
mixtures. Tall fescue, the principal coarse-leaved
species, is a hardy grass used for pasture and lawn
grass.

Blue Grass Seed

Blue grass (poa pratensis) is a fine-leaved pasture
and lawn grass adapted to temperate and cooler
climates with moderate rainfall. The most popular of
the domestically grown species is Kentucky blue grass,
along-lived perennial spread by rhizomes.?® Kentucky
blue grass is used extensively, both alone and in
mixtures with other seeds, for lawn and turf
applications. Kentucky blue grass is also used for
pasture. Most Kentucky blue grass seed produced
commercially in the United States is used for seeding
lawns. Merion, an improved variety, is a Kentucky
blue grass seed of note. Merion seed production is
quite specialized. = Merion grass is grown in
rows—rather than broadcast—and is harvested by
combines. Seed produced in this manner is generally
of a particularly high quality in terms of germination
and purity.

Other varieties of blue grass seeds are Canada,
annual, bulbous, mutton, roughstalk, Sandberg, Texas,
and wood blue grass. These blue grass varieties are
generally used in pastures and lawns where soil and
climatic conditions are not suitable for Kentucky blue
grass. Roughstalk blue grass is used as a lawn or
pasture grass in moist, shady areas.

Rye Grass Seed

Rye grasses (colium multiflorum lam., colium
perennial) are of two primary types: common and
perennial. Common rye grass is an annual that
provides a relatively low-cost green manure or cover
crop and is used for forage and soil-conservation
purposes. Perennial rye grass seed is used primarily in
permanent pasture grass mixtures. Owing to its
relatively rapid growth, it is used to furnish forage for
livestock while slower growing grasses become
established. In establishing lawns, perennial rye grass
seed is used in mixtures with common rye grass and
other lawn grasses.

Timothy Seed

Timothy seed produces a short-lived perennial
grass. This grass is adapted to a cool humid climate,
and the seed is generally used in mixtures with alfalfa
or clover for planting hay or pasture crops.

28 A rhizome is a creeping stem below the surface of
the soil.



Miscellaneous Grass Seeds

Bent grasses, except redtop, are fine-leaved grasses
used primarily as lawn grass. Some of the bent grasses
are used on the greens on golf courses. Bent grasses
are usually perennial, although there are some annuals,
and may be propagated from stolons2? or from seeds.
Although it is used in nearly every section of the
United States, bent grass is best adapted to the cool
moist climate found in the Northern States.

Redtop is a coarse-leaved bent grass. It is planted
in mixtures with other pasture grasses and in grass
legume mixtures for pasture or hay. It is used in lawn
seed mixtures, but is not considered a permanent lawn
grass. Land used for redtop seed production in the past
has often been diverted to more profitable crops, such
as soybeans and corn.

Hybrids constitute an important part of the seed
industry. One example is Sorghum-Sudan grass
(sorghum biocolor X sorghum sudanense) that has been
nicknamed by farmers “hay grazer.” It is one of many
forage hybrids, and it is produced mostly in Texas. Its
production entails the use of sorghum biocolor as a
sterile parent, and the use of sudan grass (listed under
HTS heading 1209.29.00.60) as a pollinator. About
400 square meters (m?) are grown over the winter in
Puerto Rico to establish the seed. Virtually all export
sorghum-sudan grass is sold as certified seed, whereas
certification is not a requirement in the domestic
market.

Bermuda grass (cynodon dactylon) is used on
lawns, golf courses, for highway beautification, and for
pasture. The market for Bermuda grass has been
declining; production fell from an estimated
6,000-7,000 metric tons (mt) in 1989, to approximately
3,175 mt in 1991.30 The industry attributes the decline
to poor margins and prices. Only about 450 mt of
production is certified because the market has not paid
an adequate premium for certification.

Orchard grass seed is used in growing a tall,
perennial, bunch type of grass. This grass is tolerant of
shade and is therefore well adapted for use in orchards
and other shaded areas. It is less winter-hardy than
most of the major grasses. Orchard grass is usually
grown in mixtures with other grasses or legumes.
Most orchard grass is used in States north and east of
Arkansas, owing to its ability to produce vegetative
growth before other spring grasses and legumes. Over
the last several years, demand for orchard grass to be
used for improving pastures has increased in the South.

29 A stolon is a creeping stem above the soil surface
from which roots form.

0 The latest available figure for Bermuda grass
production is for 1991.

Sesbania seed is used in growing an annual
subtropical legume. It is occasionally used as a
green-manure Crop or as a cover crop in orchards in the
Southern States.

There is little demand for tall oat grass in the
United States. Tall oat grass is a perennial which is
well adapted to a cool moist climate. A major use of
tall oat grass is in mixtures with seeds of legumes and
other grasses as a pasture and green manure crop.

Some 30 species of wheatgrass are native to North
America. The most important are western, bluebunch,
and slender wheatgrass. The most important species
introduced into the United States are crested, tall, and
intermediate wheatgrass3!.  All of the important
wheatgrasses are hardy, cool season, and drought
resistant perennials.

Flower Seeds

Perhaps as many as 1,500 different varieties of
some 100 different species of flower seed are grown
commercially in the United States. About two-thirds
of flower seed production occurs in a dozen popular
varieties such as marigolds, pansies, petunias, and
zinnias. Flower seed production is highly specialized.
Hybridization of many species is resulting in
continuous improvement in plant quality.3? Production
of flower seed is best suited to areas having a mild
climate with little rain during the growing and
harvesting seasons, and where irrigation is available.

Vegetable Seeds

Vegetable seeds are used in commercial vegetable
production as well as in home gardens. Some
vegetable seeds are used as condiments or in bird food.
Although the classification of vegetable seeds does not
depend on the end use, vegetable seeds must meet
quality standards under the Federal Seed Act.33

A number of seeds are demanded for human

consumption. The most notable are celery and
pumpkin seeds.

The value of seeds used for seeding is dependent
on the genetic characteristics of these seeds, such as the
size, color, resistance to pests or disease, or the number
of days until the vegetable is ready to harvest. The unit
value of vegetable seeds can range from less than
$2.20 per kilogram (kg), to several hundreds or even
thousands of dollars per kg for seeds of certain hybrids
of vegetables such as peppers, tomatoes, and broccoli.

31 This term should not to be confused with wheat,
the cereal grain.

32 Trade and unit value data for seeds of herbaceous
plants grown principally for flowers are shown in table

33 Trade and unit value data for vegetable seeds are
shown in table A-26.



Vegetable seed growers often grow flowers, both for
seed and for the flowers. However, most growers of
vegetables and flowers do not also propagate seeds.

Tobacco Seeds for Sowing

Tobacco seeds are very small round seeds generally
planted in greenhouses or protected tobacco sheds and
raised to seedlings. The seedlings are then transplanted
in the field and raised to full-size tobacco plants.
Three main -types of tobacco seeds are produced
domestically: flue-cured, burley, and Maryland.

Tobacco seed is quite small. Only about 28 grams
of tobacco seed are required to plant approximately 3
hectares, yielding a tobacco crop worth several
thousand dollars. Naturally, then, the market value of
the tobacco seed is relatively high, around $110 per kg.

Tree, Shrub, and Other Seeds

These seeds are covered under HTS subheadings
1209.99.20.00 through 1209.99.40.80. Tree and shrub
seeds include seeds of forest trees, fruit trees,
ornamental trees, and shrubs. Forest and fruit tree
seeds are most commonly produced in the United
States. Government agencies and private landowners
use forest tree seeds for reforestation and conservation.
Fruit tree seeds are primarily used by commercial
nurseries for growing rootstocks34 The residual
(“other™) category includes miscellaneous seeds other
than vegetable seeds, grass seed, forage crop seeds, or
flower seeds.33

Tree seeds are collected in forest areas in nearly
every State by forest products firms (primarily lumber
and paper companies) and by State/Federal forestry
service agencies. Recent years have seen an increase
in farms for tree seeds, which select and collect seeds
from vigorous trees that have the characteristics
desired by nurserymen. Shrub seed markets are limited
because most shrubs are propagated by softwood
cuttings, grafting, and root division. Consequently,
shrub seed and other seed producers are few and are
estimated at about 2,000.

U.S. INDUSTRY PROFILE

Industry Structure

The Standard Industrial Classification (SIC)
categories applicable to the industry are as follows:

34 Rootstock is a root and its associated growth buds
used as a stock in plant propagation.

5 Trade and unit value data for seeds in HTS
subheading 1209.99 are shown in table A-27.

Industrial No. Nomenclature
oMt ............ Wheat
OMs5............ Corn
oM9............ Cash grains — not elsewhere
classified
0132............ Tobacco
0139............ Field crops, except cash grains
0181 ............ Ornamental floriculture
and nursery products
0182............ Food crops grown under cover

Figure 1 shows the interrelationships among the
seed industry sectors and subsectors involved in the
development, production, marketing, and use of seeds.
The public sector often provides basic research to
develop new and improved seed varietals. In the
United States, the public sector includes the land-grant
universities that work closely with the U.S. Department
of Agriculture. The seed varietals are then shared with
traditional private-sector seed-development and
biotechnology firms that further develop them into
“parent seeds,” that is seeds that can be reproduced for
commercial use.

An example of a government contribution to basic
and applied long-term seed-related research is the U.S.
Vegetable Laboratory in Charleston, SC, founded in
1936. This laboratory has developed many varieties of
vegetables, including the Charleston Hot Pepper, the
Charleston Crag Watermelon, and the Homestead
Tomato.  Scientists at this laboratory propagate
vegetables by crossing strains and then growing
offspring. Seed products such as these are sought
primarily by seed-producing companies that want to
develop their own hybrids. Research is of prime
interest to the large seed companies.

Traditional seed development firms, or breeders,
utilize techniques such as manual cross-pollination of
plants to develop new or improved seeds.
Biotechnology firms use more advanced technologies,
such as recombinant DNA. Owing to the very high
costs associated with seed development involving
biotechnology techniques, firms using this modern
approach concentrate on those seeds that will provide
higher returns, such as those for large field crops such
as wheat and corn. Firms developing vegetable and
flower seeds tend to be smaller and more traditional.

Firms that develop seeds rely on the U.S. Plant
Variety Protection Act for patent protection of their
investment. The provisions of the International Union
for the Protection of New Varieties of Plants (UPOV)
provide additional means by which seed firms secure
the intellectual property inherent in new seeds.36

Once a “parent” seed is patented, seed propagators
or producers, multiply the seed into quantities
sufficient to sell at the wholesale and retail levels.

36 Both the PVPA and the UPOV are discussed
below.
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Seed propagators may be farmers who produce under
contract, or they may be marketing/development firms
that produce the seed on their research stations. Seed
production also includes seed sorting, seed
classification for purity, and packaging.  Seed
producers may apply for their seed to be certified by
appropriate state agencies. They attest that a certain
seed consignment is certified for cleanliness, genetic
purity, and for a minimal germination rate. Not all
seeds are certified.

Figure 2 shows the different production and
marketing channels for seeds. Seed propagators
include four groups of producers: seed development
firms that produce newly patented varietals;
“noncommercial” farmers or producers that hold back
a portion of the current crop as seed for the next crop;
commercial farmers or producers that produce seed for
sale; and farmers who produce seed on contract for
seed development firms. Such production is channeled
into own-use, local use, and to seed marketing firms
and brokers. Seeds may be marketed to exporters
directly or through seed brokers.

The seeds, once marketed, either nationally or
internationally, may be used on commercial operations
for the production of cereal, vegetable, fruit, or
horticultural crops. They may be used by gardeners for
the production of home gardens; or they may be used
by food or pharmaceutical industries. In addition,
some seeds are also marketed as food for birds, for
example, black oil sunflower seeds. Others are
marketed to snack food, perfume, and spice industries.

Employment, number of firms, concentration

The USDA no longer publishes data on
employment for the seed industry. The number of
farms and the number of acres devoted to growing
seeds is used instead as a proxy for seed industry
employment. Between 1978 and 1982 (the year of the
last available Census of Agriculture),3’ the number of
farms producing seeds decreased by nearly 24 percent,
from almost 20,000 to just over 15,000 (table 1).
There was a concomitant decrease in area harvested for
seeds of nearly 15 percent, from 559,000 to 476,000
hectares. The average size of a seed-producing farm
was 32 hectares overall in 1982, however, irrigated

operations were substantially larger, averaging 50
hectares in 1982.

Concentration levels in the industry vary
depending on the sector (production, marketing, or
R&D) and on the kinds of seeds produced. Since

37 Census of Agriculture, op. cit.

some 15,000 farms are involved in seed
production-propogation, and no one farm is dominant,
this sector is not regarded as concentrated.

The American Seed Trade Association (ASTA)
lists approximately 150 U.S. companies that are
involved in one or more of the production, marketing,
and R&D sectors of the seed industry. There are also
many other small companies that specialize in only one
or a very few types of seeds, as well as other
companies that are multinational non-U.S. firms
operating in the United States. In the past,
seed-marketing firms have tended to be small,
specialized family operations. However, after the
1970’s advent of adaptable high-yielding varieties for
the global market, there have been more and more
corporate acquisitions and mergers. Today about six
firms account for more than three-quarters of the U.S.
development and marketing of flower seeds, and some
20 firms account for 90 percent of the development and
marketing of vegetable seeds. Seeds for the production
of large-scale cash crops, such as corn or wheat, tend to
be products of the larger multinational firms. Firms
comprising the R&D subsectors of the industry tend to
be large and multinational. This part of the industry is
considered to be quite concentrated.38

The modern complex of seed-related industries is
far more inclusive than the traditional seed company.
Biotechnical companies, seed breeders, farmers, seed
merchants, and others participate in this dynamic
industry. The seed industry buying guide lists over 500
breeders, exporters, growers, importers, wholesalers,
retailers, and brokers,3 (with most firms serving more
than one function), dealing in over 60 categories of
seeds.40

Since the late 1970s, the seed industry has
undergone a wave of acquisitions. Prior to then,
acquisitions were driven by the need for
diversification, while the latest movement has been
motivated by new cell and molecular biologies.
Multinational ~ corporations with  biotechnology
operations are moving to assume seed industry
leadership in production, marketing, distribution, and
other vital industry sectors, by paying premium prices
for viable seed companies.

Although U.S. companies dominate the list of seed
enterprises, these firms are globally-oriented, rather
than solely national enterprises. The larger seed
corporations are multinational firms with various
affiliates, subsidiaries, or joint-ventures. For example,
Pioneer, a large U.S. corporation and the largest seed
firm in the world, has subsidiaries in over 40 countries

38 Egpecially when biotechnology R&D is involved.

39 A broker markets seeds nationally and
internationally for the seed producers or seed firms.

40 Seed World, 1992 Seed Trade Buyers Guide.
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Table 1

U.S. field seed and grass seed crops: Number of farms and acreage produced, 1978 and 1982

Percent

United States 1978 1982 change
Harvested:

Farms (number) ....... ...t e 19,703 15,039 -23.67
| Hect:ges .................................................. 559,190 475,626 -14.94
rrigated:

Fgarms (number) ...... ... 2,693 2,060 -23.51

Hectares ......oiiii i i i i i ettt et 125,822 103,307 -17.89

Source: U.S. Department of Commerce, Census of Agriculfure (1982).

throughout the Americas, Africa, Europe, Oceania
(Australia, New Zealand, and various islands), and
Asia. The ten largest seed corporations in the world
are: Pioneer (United States, $1.3 billion in 1992
worldwide seed sales), Sandoz (Switzerland, $625
million), Groupe Limagrain (France, $440 million),
Takii (Japan, $360 million), Upjohn (United States,
$300 million), Sakata (Japan, $300 million), Cargill
(United States, $275 million), Amylum (Belgium,
$275 million), Cebeco (Netherlands, $260 million),
and ICI (UK., $250 million).4!

Of the world’s 1500 seed companies, 600 can be
found in the U.S. and 400 in Europe (concentrated in
France and the Netherlands). Concentration within the
seed industry is increasing; the 25 largest companies
produce almost half of all commercial seed.4?

Geographic distribution

As outlined below, seeds are grown in virtually
every part of the United States.

Mushroom spawn.  Domestic production of
mushroom spawn is centered around Kennett Square,
Pennsylvania, where there are about 10 producers.
Other producers are located in Ohio, Michigan,
California, and Texas.

Vegetable seeds. Although vegetable seeds are
grown in many States, most are produced in the
western states because of favorable climate and the
availability of land. Seed purity requires crop
segregation. Dry air and lack of rain during summer
and fall—when many of the seed crops mature—
facilitate harvesting and threshing. The largest variety
of vegetable seeds is produced in California where
widely ranging climatic conditions within a relatively
short distance enables seedsmen to supervise diverse
crops from a central location. Vegetable seeds are
produced in the following U.S. regions:

Pacific Northwest: cabbage seeds, garden
beets, spinach.

41 “World Seed Market Faces Stagnation,” Agra
Europe, Aug. 26, 1994; data are from the World Seed
Marfftl,bpgblished by Rabobank, Utrecht, Netherlands.
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Western States (interior regions): beans, peas,
sweet corn, melons, squash, carrots, onions,
lettuce, turnips, radish, and other dry-seeded
Crops.

North Central and Eastern States: tomatoes,
sweet corn.

Southeast and South:  pimento pepper,
eggplant, watermelon, okra, edible cowpeas.

South Central and Southeastern States:
Austrian winter peas.

Localized production of specific types of
vegetables also occurs in other areas. For example, the
Puget Sound area of the State of Washington has
concentrated on seed production for biennial members
of the cabbage family (such as cabbage, cauliflower,
kale, and Brussels sprouts). Several kinds of vegetable
seeds are produced in Idaho (including sweet corn,
lettuce, radishes, endives, carrots, spinach, and onion).
Many of the vine crop seeds (for example,
watermelons, cantaloupes, and cucumbers) are
produced in Oregon and Colorado.

Legume seeds. Perennial legumes include, among
others, alfalfa, various clovers, various trefoils, various
lespedezas, and crown vetch.

The primary source of alfalfa seed is the Great
Plains, the Intermountain areas, and the West where
irrigation is available (particularly in Washington,
Oregon, and the Central Valley of California).

Although substantial amounts of clover seeds are
harvested from hayfields and pastures in the East,
certified seed production occurs largely in the West.
Oregon and Idaho produce alsike clover seed. White
clover seed is produced largely in Wisconsin, Alabama,
Mississippi, Louisiana, Idaho, and Oregon. The center
of Ladino clover seed production is in California.
Crimson clover seed is produced largely in Oregon, as
well as in South Carolina, Georgia, Tennessee,
Alabama, Mississippi, and Arkansas.

Lupine seed production is largely confined to the
Southeastern States, owing to favorable temperatures.
Vetch*3 seed is grown primarily in Arkansas,
Oklahoma, Texas, California, Idaho, Oregon, and
Washington.

43 Vetch are any of several mostly climbing,
leguminous herbs used for forage and soil improvement.



Grass seeds. Two broad groups of grasses are
based on their season of growth: cool-season and
warm-season grasses. Most of the perennials have
good winter hardiness and flourish in the northern half
of the United States. These include the fescues,
wheatgrasses, blue grasses, bromegrasses, orchard
grass, timothy, rye grass, bent grasses, and redtop.

Production of noncertified seed of orchard grass
has been centered in Kentucky, Virginia, and Missouri.
Most of the certified seeds—especially of improved
varieties—are produced in the West.

The western part of the Corn Belt is a primary
source of both noncertified and certified bromegrass
seed. Timothy seed is produced from pastures and
meadows in the Corn Belt. Most redtop seed is
harvested in Ilinois and Missouri.

Missouri has been the largest producer of tall
fescue, followed by Kentucky, Arkansas, and Kansas.
Oregon accounts for most of the creeping red fescue
and Chewings fescue seed produced in the United
States. Seed production in the Pacific Northwest tends
to be highly specialized, such that production of seed
such as fescue may provide the principal source of
income for certain producers. Production of fescue
seed in other areas of the country tends to be more
diversified and less monocultural.

In general, seed growers in the Pacific Northwest
and the Intermountain regions give special emphasis to
perennial and common rye grass; red Chewings and
tall fescues; bent grass; Kentucky blue grass; orchard
grass; and several wheatgrasses. The bent grasses,
historically grown in the New England States, are now
grown primarily in Oregon. The stands are primarily
on inland irrigated land.

Warm-season grasses are predominant in southern
sections of the country where the long growing seasons
have high temperatures and plentiful summer
precipitation. Much seed is produced in the High
Plains of western and southern Texas, as well as in
western Oklahoma, Kansas, and Nebraska.

Corn and sorghum seeds. Corn and grain sorghum
seed tend to be grown in the Corn Belt. Although seed
hybrids intended for the South are reproduced in
southern climes, seed for the North is reproduced in the
Corn Belt. The regional limitations for the
reproduction of hybrid grain sorghum are not as great
as for corn; for example, sorghum seed intended for
Texas may be reproduced in Nebraska and vice-versa.
One limitation of sorghum is that seed of grain
sorghum must be produced on land where sorghum did
not grow the previous year.

Oats and wheat seeds. Seeds of oats and wheat
may be reproduced in the eastern, southeastern, and
Corn Belt areas. Little cross-pollination occurs in

cereal crops, so isolation is not necessary. Seed
production of cereals usually follows a row crop in the
Southwestern States. Cereals in general should follow
a cultivated crop so as to minimize weeds.

Labor intensity, skill levels, level of
automation, productivity, and special
considerations

Degrees of labor intensity in the seed industry vary
across the three different subsectors. At the production
level, modern farming techniques and equipment have
reduced the labor intensity of such operations over the
last 30 years. Seed related R&D may be both
labor-intensive and highly technological at the same
time (for example, manually cross-pollinating plants in
a laboratory situation). Such traditional means of seed
development as hybridization are both labor and
time-intensive.#4 The skill levels required by the
various components of the modern seed industry range
from the highly skilled practical knowledge of the
farmer all the way to the highly skilled technical
knowledge of the biochemist, botanist, and genetic
engineer using leading-edge-technology laboratories.

Although there is some clash between traditional
methods and new developments in seed production®,
the seed industry is starting to benefit from many of the
breakthroughs realized by the biotechnology industry.

Today,  plant-breeding techniques and modern
technologies coexist.  Agricultural biotechnology
contributes greatly to seed production and

development. One contribution involves germplasm
banks where a source of pure genetic material is stored
in case of a disaster.  Another biotechnology
contribution is the “custom designed” plant. Such a
plant may be developed through genetic manipulation,
hybridization (bred to be more resistant to certain types
of diseases or pests), and cloning. Cloning results in
plants with similar dimensions and rates of maturation,
thus promoting greater facility in mechanized harvest.

An example of the contributions of agricultural
biotechnology can be found with tomato production.*6
Fresh tomato yields in the United States have increased
fourfold since 1940, and processing yields have risen
fivefold. Resistance to as many as six common
diseases has been incorporated into modern varieties
and certain F1 hybrids.4” This progress has occurred

44 Owing largely to the widely diverse activities
involved, wage rate data are not available.

45 Some segments of the industry warn that the
techniques of plant breeding (practical science) must not
be lost to biotechnology; those segments also suggest that
in fact biotechnology may still be a huge financial risk.

46 E.C. Tigchelaar, Professor of Horticulture, Purdue
University, “Biotechnology vs. Plant Breeding: An
Assessment,” Seed Industry, July 1991.

47 The F1 hybrid is a cross between two inbred lines.
A hybrid must be superior to open-pollinated varieties in
one or more characteristics, such as yiel