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I. INTRODUCTION . ‘

The National Plant Germplasm system (NPGS) has evolved overa con-
giderably shorter period of time than the plants curated within it.
However, just as with plant evchition the successful components have
survived. Plant introduction began when the settlers to America brought
useful plants from all over the world to fill their needs in a new land
almost devoid of native food and fiber crop species. Early farm and plan-
tation owners sought the ald of the international diplomatic corps to bring
useful plants from foreign lands to enrich their farms and the new
nation's plant industry. The Department of Agriculture’s founding in
1862 increased the interest in plants, and in 1898 the Section of Seed and
Plant Introduction was founded to begin plant exploration and the formal
plant introduction program. '

Plant introductions became the basis of crop improvement, and plant
breeders and other researchers utilized them heavily to introduce new
traits for stress and pest resistance and improved yield performance into
new cultivars, Breeders, whether federal, state or private, became the
curators for these introductions and maintained them as best they could
for the value they saw in them, As late as the 1940s, only a few institu-
tions had the facilities to provide minimal conditions for preserving
seeds. Few scientists af that time sought the yet unknown requirements
for refrigerated and dehumidified conditions now recognized as crucial
for the storage of crop seeds. A study conducted in 1943 by the National
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Research Council identified the need for more organized regional activi-
: " tiesrelating to plant conservation, and through the legislation of the 1946
Research and Marketing Act, the National Potato Introduction Station
and the Regional Plant Introduction Stations were established. Private
; seed collections of breeders, geneticists, cytogeneticists and others who
; had assembled introductions, unique germplasm and chromosomal

marker stocks became recognized as important to preserve. Funding,

however, was insufficient to assimilate these local collections into larger

f; management units.

; The 1970 southern corn blight epidemic incited by Helminthosporium
maydis caused the agricultural community to ook at its responsibilities in
increasing crop genetic diversity. The 1972 National Academy of Science
report on genetic vulnerability of the nation's crops and internal reviews
suggested thata National Board for Plant Genetic Resources [NPGRB) be
pstablished to advise the Secretary of Agriculture on plant germplasm
issues and to recommend appropriate policies. In 1976, the National
plant Germplasm Committee (NPGC) consisting of federal, state and
industry ' representatives evolved from the previous New Crops
Coordinating Committee to advise the NPGS.,

Today the NPGS presents ttself'as a user-oriented system with the goal
of acquiring, preserving, and distributing plant germplasm. It consists of
operational units, advisory co
cial support organizations. Operational ‘activities consist of plant
exploration, introduction, guarantine, seed and clonal working collec-
tions and repositories, base collection and repository, and germplasm
" related research activities including evaluation and enhancement.

1. HISTORY OF NPGS

_The United States is a “have nof” country in respect to native crop
pecies. This is a major factor contributing to its present world Jeader-
hip in agricultural production. Farly colonists necessarily brought their
avorite seeds with them. The American Indians had, at the time of
onization, small fruits, some nuts, sunflowers (including artichoke),
nd. Apios groundnut as well as introduced crops of maize, beans,
cco, cotton, and squash. As Indians migrated northward from
Mexico and points further south, they brought seeds with them, Thus
t crops grown here still are introduced species (Fig. 1. 1--1.3). Several
ers have addressed the history of early plant introduction aciivities
mentioned high level governmental officials and offices that sirongly
pported such activities (Hiyland 1976; Wilkes 1985; Parliman and
ite 1985), Qur treatment of events begins in 1898, and except for some

mmilttees, and administrative and finan-
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;ig\ brief backtracking, traces the development and op eration of what is now
i called the National Plant Germplasm System of the United States.
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';, ai Fig. 1.1, Centers of origin for some agronomic crops illustrate the dearth of crap species
‘ that originated in the western.-hemisphera north of Mexico.
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Fig. 1.2. Centers of origin for some vegetable crops {llustrate the dearth of crop species
that originated in the westeen hemisphere north of Mexico.
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Fig, 1.3 Centers of ozl
e western hemisphere north of Mexico.
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Table 1.1, Plant introductions through the years.

PI number Crop Year of introduction  Country of origin
1 Brassica oleracea var. 1898 : USSR
capitata
100 Cucumis melo 1898 USSR
1,000 Triticum aestivum . 1898 USSR
10,000 Linum usitatissimum 1903 . USSR
100,000 Primula chungensis 1932 China
260,000 Guizotia abyssinica 1952 Ethiopia
300,000 Hibiscus vitifolius subsp. 1964 Rep. of 5. Africa
vulgaris '
400,000 Oryza sativa © 1975 Philippines
500,000% Triticum aestivam 1985 United States {
: {Dec. 11)
514,275 Sorghum bicalor 1987 Benin
: ’ {Dec. 31)

‘PI 500,000 [Purplestraw wheat} was grown in the Southeastern and Southern United
States for more than 125 years. It appeared in the parentage of several other cultivars for the
same area. "Celebration PI 500,000”" commemorated 87 years of highly successful plant
introduction activities,

Florida. Other plant introduction gardens or stations followed: Chico,
California in 1904; Savannah, Georgia and Glenn Dale, Maryland in
1919, As recipients of a wide range of plant species, these Plant Introduc-
tion Stations became important sources of seeds, plants, cuftings and
associated information for use by growers, The Chico Station was closed
in1973: the Savannah station in 1981, The Miami Station is one of several
clonal repositories. Glenn Dale is primarily a quarantine facility used for
virus-indexing of introduced fruif, potato, and sweet potato germplasm
and, in 1987, became a repository for the woody ornamental collection
under development at the National Arboretum. )

The period of 1898-1930 was one of extremely active plant explora-
tion, Considerable activity occurred during 1850 to 1898, Significant
introductions of navel oranges, .flax, olive, persimmon, sorghum,
wheats, and other cereals occurred after the creation of USDA in 1862 up
to 1898 (Univ. of Georgia 1971). Considering the difficulties of sea and
land travel, the successes of these early explorations are remarkable.

The accomplishments of Frank N, Meyer are documented (Cunning-
ham 1984) as are the achievements of David Fairchild who headed the -
Section of Foreign Plant Introduction. There were several other indi-
viduals who inireduced materials of enormous value to crop production
(Fig. 1.4-1.5), However, because of the lack of storage facilities, the high
cost of frequent regenerations, and the use in breeding research, most of
the early introduced accessions have been lost.
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" Howard L. Hyland in his
nd guiet manner effec-

gral hundred thousand seed and plant
samples. Photo courtesy of H.L.

Fig. 1.5. Dr. Howard Scoti Gentry observes agave plants at the Desert Botanical Garden,
Phoenix. Gentry, botanist and plant explorer for TISDA-ARS from 1850-April 1971,
collecied a wide diversity of plant germplasm. His collections included beans and agave
fram Mexico, peas and cereals from Ethiopia, new crops from South Africa and the United
States, and forage species from Enrope, Yugoslavia, and the Balkans. After retirement, he
continued exploring especiaily in Mexico for species of interest to the Desert Botanic
Garden (Cunningham, 1987). Photo courtesy H. 8. Gentry,
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B. Quarantine

During early American history, many pests such as weeds, insects, and
diseases made their way here through such routes as seedlots, straw, hay,
other feedstuffs, food, clothing, wool, equipment, and ship ballast. The
first U.5, Plant Quarantine Act was enacted in 1912 (Waterworth and
White 1982). The advent of the white pine blister rust, the chestnut blight
fungus, the citrus canker bacterium (subsequently eliminated) and other
pests provided the impetus for the quarantine law, The Organic Act of
1944 provided for pest management sirategies, control programs against
domestic and exotic pests, and issuance of phytosanitary certificates
relative to the requirements of foreign countries. The final major act, the
Federal Plant Pest Act of 1957, authorized emergency measures to
prevent the introduction or interstate movement of pests not covered
under the 1912 act. It also broadened the definition of pests to include all
insects, mites, slugs, nematodes, bacteria, fungi, parasitic plants,
viruses, and other organisms that can damage plants or processed plant
products, This act allows the introduction of exotic pests for scientific
study. _

With formalization of quarantine and plant introduction activities
within USDA, the agencies involved have worked closely together to
guard against the introduction of serious crop pests both to the U, S, and to
other countries. The Washington Inspection Station was housed in the
old Auditors Building, 14th and Independence Ave., Washington, D.C.
and other nearby locations from 1930 to 1977. Since then, Building 320 on
the east side of the Beltsville Agricultural Research Center has been the
home of the Plant Germplasm Quarantine Center, a facility that is jointly
operated by the Animal and Plant Health Inspection Service (APHIS) and
P10 personnel. Upon completion of a proposed “germplasm” building at
the site of the new Beltsville quarantine facility, these quarantine and
plant introduction activities will be consolidated with the fruit, potato,
sweet potato, and sugarcane virus indexing programs, The collective
quarantine facility is referred to as the National Plant Germplasm

‘Quarantine Center (NPGQQC).

C. Regional Plant Intrud‘uction Stations [RPIS)

The Introduction Unit of USDA had no centralized facilities for
maintenance and preservation of seed, Thus many irreplaceable plant
materials, painstakingly collected in foreign countries were lost. Crucial
legislation, The Research and Marketing Act of 1946 (Public Law 733),
authorized the creation of regional plant introduction stations (Univ, of
Georgia 1971}, Subsequently, four stations were established under a
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sandum of fJnderstanding between USDA-ARS and the State Agri-
| Experiment Stations (SAES)-as follows:
"The North Central Project, NC-7, was approved by the North
Central Directors Association and by the Commiftee of Nine with
“allocation of funds in July 1947, and activated on December 1,
1947, .
“The Northeastern Project, NE-8, officially came into existence
july 1948. The site approved was the New York State Agricul-
tural Experiment Station, Geneva, New York.,
The Southern Project, 5-9, had been approved in 1847 forasiteat
the Georgla Experiment Station, Griffin, Georgia but funding was
not provided until November 1943, _
In july 1947, Washington State University, Pullman, Washington
was designated as the site for the Western Project, W-6, Regional
Station. However, funds originally allotted were insufficient and
= full scale operations were delayed until 1952.
“Initially, Puerto Rico was affiliated with the Southern Region, Hawaii
with the Western Region (but now allies with the Southern Region
“because of crop similarities), and Alaska with the North Central Region
(now with the Western, Region), The facilities and responsibilities at all
" four regional stations have been greatly expanded since their concep-
tion. They are responsible for maintenance of a wide range of plant
species, and thelr advent helped stem the great losses of waluable
germplasm that had been regularly ocourring. skrdla (1975) described the
operation of the four regional stations and their advisory committees.

D. National Seed Storage Laboratory (NS5L) ,

Funds were appropriated in 1856 for the construction of the NSSL at
Fort Collins, Colorado for long-term preservation of germplasm.
Construction was begun in 1957, and the Laboratory was ready for opera-
tion in 1958. This base or “savings account” storage facility had the
capability of maintaining rooms at 4°C and relative humidity at about
329 and three rooms at _12°C if needed. The original plan was to accom-
modate over 200,000 samples of agronomic, horticultural, and speciality
crop seeds. .

Geeds of old, obsolete cultivars, when available, were requested by
NSSL. In addition, as new cultivars were released by federal or state
agencies, or by commercial breeders, an invitation was extended to the
developer to deposit seed, Today, in addition to the above there is
emphasis to inciude open pollinated lines, inbred lines, genetic stocks,
discontinued breeding lines, differential hosts for pathogens, cul-
tivars/species for indexing viruses and for physiological gtudies, and
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reserve seeds of plant introductions. Scientific staff conduct research on
various aspects of seed physiology to improve the Laboratory’s long term
storage capahility. '

The Laboratory is responsible forthe preservation of a broader scope of
germplasm than the regional stations, which were concerned primarily

with preserving and distributing seed of foreign plant introductions. The -

regional stations and other working collections are the sources of
" working stocks of seed. NSSL has become the long-term storage site for
the base collection and seedstocks are distributed only when there are no
other sources available,

If wviability drops during storage in the Laboratery, stocks are
rejuvenated at a site where the crop is adapted and in such a manner that
the new seed will retain the genetic characteristics of the original seed.
Rejuvenation of the Laboratory’s seed stocks is coordinated through the
curators of the working collections, Each curator is responsible for seed
increases of his stocks and for depositing samples in NSSL (see Chapters
4 and 6).

E. Crop Specific Gollections—Seeds

1. National Small Grains Cellection (NSGCG). Researchers of various
cereal crops soon realized the value of assembling and maintaining
germplasm collections for research purposes. The National Small Grains
Collection is the largest and most active of U.S. collections. Its colorful
history dates back to 1894 with the introduction of four accessions of
barley and 11 additional accessions in 1805 (Moseman and Smith 1985},
M. A. Carleifon enlarged the barley collecton as a result of his explora-
tion trip to Russia in 1898 and a trip to the Paris Exposition in 1900. In
1923 and 1924, H. V. Harlan collected barley in Russia, Ethiopia, North
Africa, and other areas. G, A. Wiebe and others collected barley
germplasm in Ethiopia and other countries in later years,

According to J. G. Moseman {unpublished), cultivar tests with barley,
oats, and wheat began on Department land on the Mall in Washington,
D.C. in 1866 and 1867. A number of cultivars {more than 100 of wheat)
had been assembled in sufficient quantity for these tests prior to 18686.
The same Research and Marketing Act of 1946 that provided funds for
establishing the four regional stations contained support for germplasm
research and resulied in funds becoming available for the small grain
working collection at Beltsville (Reitz 1976).

Rice workers did not receive additional funding in 1948; thus, the
collection was maintained separately from the rest of the working collec-
tion until 1982, Rice production began in the southeastern U.S. in the
1600s {Sharp et al. 1987). According to Adair et al, (1975), 8. A. Knapp
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1 in 1899 and returned with 10 tons of Kiushurice. Inthe
901; he journeyed to Japan, China, India, and the Philippines to
e production. He arranged before his yeturn in 1902 for the intro-
4 of numerous cultivars of rice from the countries visited. M. A.
n gecured a collection of rice cultivars from foreign exhibitors at
ana Purchase Exposition, St. Lonis, Missouri in 1904.

1ugh storage facilities did not exist and frequent regeneration
were often neglected, the value of early introductions should not

nderestimated, For example: ' o
87 barley—contains California Mariout and CI{C ereal Investiga-
tions number) 2376 (Ethiopia-1923) in parentage. Gl 2378 con-
ributed resistance t0 Barley Yellow Dwarf Virus (BYDV) and scald.
rown in San Joaquin Valley, coastal valleys, southern California,
nd late planting in Sacramento Valley (1974 varietal listing). In
1966, C.M. 87 was still growing on 8.4% of California barley acreage
(J. G. Moseman unpublished). :
“Milton (CI 4966) barley—introduced from Russia in ahout 1936, Now
the only source of complete resistance to loose smut and is used

- worldwide. -
Ethiopian barley—only sources of high resistance to BYDV. In 1951,
" about 109 barley introductions from Ethiopia were identified as
being highly resistant to BYDV in California, This resistance has held
up in England, gouth America, and other countries. Most of these
lines were infroduced from 1917 to 1924. Benton (CI 1227) now
grown in Oregon was introduced in 1917. BYDV, a serious present
day disease of wheat and oats, has less impact in barley because the
Ethiopian introductions are used in the parentage of new cultivars.

Our story of important cereal introductions would not be complete
without mention of PI 178383, a wheat iniroduction collected in 1948
from eastern Turkey, PI 178383 had little agronomic appeal when grown
for increase and preliminary evaluation. However, later testing of this
line at Puliman, Washington for disease reactions showed multiple-
resistance to races of stripe rust, common bunt, and dwarf bunt and use-
able tolerance to flag smut and snow mold (Univ. of Georgia 1971). For
several years, this PI appeared in the parentage of all wheat cultivars
grown in the northwestern United States. .

The reorganization of ARS in 1972 brought the small grain and rice
collections into the Germplasm Resources Laboratory. The two collec-
tions were merged in 1982, In 1988, the NSGC was moved from Beltsville
to Aberdeen, Idaho, the site of the spring increase Nursery for over 40
years.

2, Soybean {Glycine max) Collection. Although soybean is one of the
real success stories of plant introduction, little attention was given to the
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/Cotton (Gossypium spp.) Collection. Cotton expeditions from the
1900s to the early 1960s formed the base for the cotion germplasm
ollection of today (Percival 1987). The earliest cotton collection appeafs
tobe a living collection of West Indian sp ecies assembled by von Rohr at
Croix, Danish West Tndies (now Virgin 1slands) in 1781 (Fryxell 1985;
g7. Res. Service-USDA 1974). '
‘During the first decade of 1900, several persons collected cotton
‘gérmplasm in Mexico and Central America, the so-called center of -
riability of G. hirsutum. Collins and Doyle collected a stock in Chiapas,
‘Mexico which gave rise fo the Acala cotton. This type is widely grown in
jrrigated areas of west Texas, New Mexico, Arizona, and California.
kewise, Cook collected a special type in Cuatemala called Kekchi.
“Paymaster company cultivars trace to this type. '

Except for visits to the Mexican states of Sonora and Sinaloa, there
was a complete dearth of further organized plant explorations for cotton

germplasm until 1946. Subsequently Richmond and Manning made

" axtensive collections i Mexico, Cuatemala, and El galvador, Other
more current field collections have been listed/described (Agr. Res.
Service-USDA 1974 Percival 1987). Catalogs listing cotion germplasm
were published in 1958, 1974 {Agr. Res. Service-USDA 1974) and in 1887
(Percival 1987). The national collection of Gossypium germplasm, NOW
held at College Station, Texas, provides a hroad array of genetic diversity
and includes the following:

Obsolete variety collection of G. hirsutum.

Texas Rose colléction (G. hirsutum).

Asiatic collection {(G. herbaceum & G. arboreumy).

Wwild species collection (wild diploid and. tetraploid cottons).

Cenetic marker collection (G. hirsutum).

Cytological collection (monosomes, telosomes, translocations, and

duplication-deficiency stocks of G. hirsutum],

Fryxell (1965) described several successful uses of cotton germplasm
for disease and insect resistance. While not detected in G. hirsutum
germplasm, resistance to cotton rust was found in both G. anomalum and

G. arboreum. Breeding techniques of interspecific hybrids, artificial
emes, and continuous screening for resisiance

polyploids, backeross sch
culminated in the transfer of rust resistance to agronomically acceptable

germplasm of G. hirsutum. Now, rust resistant cottons are available for

use wherever cotfon rust is a problem.
Another disease problent, bacterial blight, has Jargely been solved by
identification of muliiple sources of resistance and subsequent incor-
poration into cultivars,
Success with insect resistance has been more difficult. Changing the
growth habits and morphology of the host plant has helped minimize
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losses caused by the boll weevil, :

5. Other crop-specific seed collections, These evolved through th
concerns and interest of commodity groups and individual researchers,
Space does not permit us to trace their history, The caretakers of these
collections have contributed much to crop improvement and basic
research,

6, Inter-Regional Poiato Introduction Station. The potato arrived in ’

the United States in 1622 after its introduction to Bermuda in 1613 by
English colonists, .S, collectors began the field search for wild tuber-
bearing Solanum species in the 1930s for use in research programs, Many
of these introductions vanished because of diseases, failure to tuberize,
and lack of mainfenance facilities., In 1947 the Potato Association of

~America helped develop plans for a cooperative potato program with the

main operation at Sturgeon Bay, Wisconsin and associated research at
Madison. Implementation of the plans for the facility through the 1946
Research and Marketing Act legislation proceeded.

The station, which is supported by states of all four 11.5, Regions, the
Wisconsin Agr. Exp. Sta., and ARS, became operational in 1850. The
primary objectives of this Inter-regional Project (IR~ Project) are to:

1.introduce, preserve, and classify the wild and cultivated tuber-

bearing Solanum species, and

2. distribute introductions to potato breeders and other scientists for .

research purposes [Hanneman and Ross 1878).
The germplasm is preserved primarily as true seeds.

Foreign introductions became part of the parentage of 120 American
potato cultivars during the period of 1932-1975 (Univ. of Georgia 1971).
Bamberg and Hanneman (1987} reported some contributions of
germplasm acecessions in the potato collection to research and cultivar
improvement in the United States. For example, they indicated that, as
part of the parentage, 34 U.S, cultivars developed during 1977—1986 con-
tained one or more Solanum species in addition to S. tuberosum, These
species have provided resistance or tolerance to frost, nematodés,
insects, viruses, exireme heat, late blight and other diseases. The potato
research community through individual scientists, technical com-
mittees, and foreign cooperators have developed extensive feld collect-
ing plans and have implemented several phases of the plans.

1Y, OPERATION OF NPGS

The NPGS describes its mission as follows:

The National Plant Germplasm System (NPGS) provides the genetic diversity necessary to
improve crop productivity and to reduce genetic vulnerability in futurs food and agricul-
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oot only in the United States but for the entive world, The NPGS
) and makes readily accessihle to plant scientists a wide
otic diversity in the form of seed and clonal germplasm of crops and potential

plish the overall mission, all of the elements of NPGS must

harmony as a whole since interactions among the elements

of the entire system (Fig. 1.6). Fach element has cer-

ions to perform in order to meet its specific objectives. These

cquisition, exchange. evaluation, preservation, distribution,

agement, and irdining. Let us ook at how these functions are
lished through the major elements of the System.
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A Beltsville/
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: . nWood [
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. Germplasm Guaraniine Ciry Pelisville/Glenn Dale, MD

R

Fig. 1.6, Approximate location of the elements of the Naticnal PlantGermplasm Systemn.

A, Germplasmi Services Laboratory (G5L)

This laboratory s part of the Plant Sciences Institute, USDA-ARS,
Beltsville. The laboratory mission encompasses national activities of
exchange, exploration, liaison on guarantine matters, ecogeographic
studies, management of the national Germplasm Resources Information
Network (GRIN) database, coordination of Crop Advisory Committees
(CACs), and closely related activities. Staff of GSL interact extensively
with NPGS personnel, 17.8, scientists, foreign institutes and scientistsy
and with other USDA and U.5. government agencies.

1. Plant Introduction office (P10). The priméry objective of P10 is to
keep a continuous flow of diverse, well-documented plant germplasm
moving into crop improvement programs in the United States and abroad
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Fig. 1.7. The primary flow channel in the United States for imposts and exports of plant
germplasm and associated information.

through a well established flow channel (Fig. 1.7). The functions invaolved
include:

® Coordination of the acquisition and exchange of plant germplasm

@ Documentation of passport data and assignment of Plant Introduc-

tion (PI) numbers '

& Publication of the USDA Plant Inventory

@ Liaison on quarantine matiers

® Assistance with quarantine and distribution of plant materials

collected through plant exploration

a. Acquisition and Exchange—Plant germplasm for NPGS is acquired
through exchanges, exploration {domestic and foreign), special projects
and agreements, gifts, and travelers. P10 and individual U.8. scientists
have many contacts worldwide which result in numerous exchanges of
plant materials, Not all of the infroduced materials are incorporated into
NPGS. Some are genetically unstable, some poorly documented, and
some are passed on to scientists who are requested to identify useful
ttems and feed them into the system, Since quarantineregulations restrict
the introduction of relatively few crop species, there are large numbers of
accessions that are introduced directly into researchers' programs.

Most of the collections in the U.S. have at least some accessions that
have not been assigned PI numbers. The National Small Grains Collec-
tion, for example, holds several thousand accessions under GI numbers.
The clonal repositories in general prefer to establish and to obtain some
evaluation data before requesting P1 numbers. Thus, the annual number
of new PI entries into NPGS does not include all new entries into NPGS
within a given year, The number of new PIs each year has fluctuated




‘AND OPERATION OF THE NPGS

number assignments for 1978 through 1987.

No. of PI Agsignments PI range
10,657 420807431463
5,527 431464-736990
15,081 436991452071
12,792 452072464863
10,970 464864475833
7,283 ' 475834483096
11,030 483007404127
6,020 ) 494128-500148
6,089 500149-506218
8,056 508219514275
93,465

9,347

o ._ablt_a' 1.3, Disiribution during 1988-1987 of plant materials to foreign countries through
-the NPGS exchange program,*

Cereal diseass nurseries

Total number No. of No. of
Year of items shipments coupiries items % of total
1983 110,686 2,048 121 46,269 42
1984 111,122 2,096 119 48,118 43
1985 05,864 1,853 123 - 48,198 . BO
1986 71,494 1,488 116 32,887 . 48
1987 62,615 1,450 104 7,055 11
Average 90,354 1,787 1186 36,501 38

ncludes only those plant materials semt abroad through the USDA National Plant
Germplasm Quarantine Genter, Beltsville.

widely over the last 10 years from 5,527 in 1979 to 15,081 in 1980 with a
10-year average of 8,347 (Table 1.2). Increasingly, more domestic acces-
sions are being added.

The payoff for plant germplasm is its use in research programs and ulti-
mately in an improved form in farmers' fields. Exchange is the primary
mechanism for adding diverse germplasm to NPGS. While the 1.5,
provides considerably more items each year to other countries than it
receives, the introduction of foreign germplasm ranks high on the priori-
ties of the national program. Note that the number of items sent abroad
has declined steadily for the past three years (Table 1.3). Several taciors
are involved. As more information is recorded and computer docu-
mented,; scientists can be more selective in respect to number of acces-
slons and to specific traits. Also more germplasm stocks are being added
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lections thereby lessening the
The Cereal Disease Nursery program
od almost half of the jtems sent abroa
1t of the CIMMY'T

pach year 10 netionalend internatiehel ol

demands on the .S, progran.

which has in some years constitut
isundergoinga substantial reduction partiallyasa resu
international cereal effort. Fxchange dafa presented here include only
t are moved through the NPGS flow channels at

those items tha
Beltaville.

For the two wa change) of plant germplasm, the

APHIS officials are responsible
1erials to assuré that the U.5.
alations are met. PIO helps
g of pertinent information.

¥ movement (6X
NPGQC is & convenient flow channel,
for inspecting {ncoming and ouigoing ma
and tmporting gountries’ quarantine 1688
expedite the rapid movement and recordin
Fxchange of plant germplasm is the lifeline of national and interna~

tional programs. The policy of the U.S. is for free exchange of plant
germplasm jn small exp grimental guantities for research purposes. Plant
germplasm is an essential jngredient of crop improvement programs inall

countries.
PIO through the Plant and Seed Material
the Agency for International Development (AID), provides plant

germplasm to AID missions and cooperating institutions in developing

couniries. Usually U.5. cultivars are provided in larger guantities than in
the regular exchange prograit. The activi

s Project, which is funded by

ty of this prejeetf or the past five
years is summarized in Table 1.4. Plant materials are supplied in forms
such as seed, cuttings, fubers, offshoots, and grefted tregs, This project
benefits the {3.8. program through establishment of new contacts, travel,
and identification of germplasm collections in cooP erating countries.
b. Documentation of Passport Data and PI Number Assignment.
information that travels along with plant germplasm accessions 18
uter documented for all

referred Lo a8 passport data. These data are comp
accessions that are to be included in NPGS. The unigue identifier of ; |

terials to AID missions aﬁd'-"__

ring 1983-1987 of plant ma
and Seed Materials Projectt

Table 1.4. Distribution du
gh the Plant

apoperators theol

Countries

Shipments

1983 776 125 50
1984 3900 116 38
1985 3198 106 -4
1988 : 1416 . 108 a7
1987 . 518 85 34

962 107 40

Average

1SDA-ARS Plant'Introduetion Office and th

een the
back to 1955,

11, ongstanding project hetw
Agency for International Develgpment that dates
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)G9, the PI number, i8 assigned. The GRIN database accommodates
various passport-da’ta descriptors {Table 1,5), Data gheets and
lector notebooks are tailored to accommodate the descriptor fields for
port data. Some data are transcribed electronically. The use of docu-
tation aids such as bar codes reduces the amount of transcriptions
{1 thevefore reduces error. The amount of passport data varies greatly
rom little more than fthe seed source and name of the plant.to detailed
escriptions of field co d special stocks.

Nected items, cultivars, an
:Beginning in 1087, ali plant materials fcultivars {CV], germplasms (GP),
,dparental lines (P1)} that are regist

ered by the Crop Geience Society of
merica {CSSA) are assigned PI aurabers and seed de

: posited at the
appropriate working collection &5 well as at NSSL. Genetic stocks (GS)
‘e to be added in 1088, In order to eas

ily identify (85A registered

able 1,5, Descriptors for documentation of passport data. )

Taxonomy
Genus, species, anthority,
Crop categery
Donor .
Name, Institute, address
Remarks
Ideniification Number
Origin
Country, siate or province
l Institute, address, identification number
: Cultivar name
Pedigree
Local name
Collection date
Collector name and identif
Other identification, source, group
Locality
Habitat, location
Latitude/Longitude coordinates
i Elevation
: Remarks
Plant characteristics, Uses
gpecial attributes
Pest resistance, cold tolerant
: Received as
: . . gcientifie name
Coded items
Life form—annual, biennial, perennial
Impfovement status—wild, cultivated, landrace, cultivar

Form received——seeds, plants, quttings

Destination
Records

family, common NAme .

ication number
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materials and to selectively retrieve data about them, the special letter
codes are used. Each item falls within a Crop Science Registration (CSR)
group such as oats, soybeans, and others. The CV, GP, PL and GS
designations are added to the database, After the registration manuscript
is published, the Crop Science reference is added to each PIrecord on the
database (White et al. 1988), An example of a PI record fora Crop Science
registration cultivar is shown in Table 1.8. .

¢. Publication of the USDA Plant Inventory. PI numbers have been
assigned and inventories published continuously since 1898; The Plant
Inventories represent a permanent historical record of plant materials
that have been entered into NPGS. They are not lists of availability,
which is determined by personnel at the working collections,

Since 1978, passport data documentation and PI number assignment
havebeen antomated. The GRIN database allows computer generation of
an entire Inventory except for the cover and preface pages. Documented
data and the index are edited by PIO staff, After editing, the complete
manuscript is submitted for publication. In most years there is only a 3-5
month lag from the last PI number assigned in December and the publica-
tion of the inventory. Inventories are distributed to land grant agricul-
tural universities, to NPGS sites, to libraries, to literature exchange insti-
futions in various countries, and to U.S. and foreign research
cooperators.

Inventories are structured chronologically by PInumbers. Future plans

O

Table 1.6. Plant Introduction (PI} number record for a Crop Science registered culiivar of
peanut {Arachis). :

P1 506237, Arachis hypogaea .. FABACEAE Paanut

Denated by Simpson, C, E., Texas Agricultural Experiment Station, Texas A&M Univer-

sity, Stephenville, Texas, United States, Gultivar developed by C. E. Simpson, O, D. Smith,

and D. H. Smith, Texas Agriculiural Experiment Station, Stephenville, College Station,

and Yoakuwm respectively. Received January 15, 1987,

PI 506237 . donor id: TP-107-3-8. origin: Unjted States, cultivar: LANGLEY.
pedigree: Florunner/P1109829. otherid: CV-at, group: CSR-PEANTUT.
litref: Crop Sei. 27(4):816-817, 1987. remarks: Plant early maturing.
Seeds runner market type. Similar to Florunner i yield, plant charac-
ters, shellability, blanchability, shelf-life, protein content, and ail con-
tent but one to two weeks earlier maturing. Cultivar, Seed.

Destination: Southern Regional PI Stafion, Griffin, GA 30223, United States;

- National Seed Storage Laboratory, Colorado State University, Fort
Collins, CO 80523 United States.

Records: Simpson, C.E., Texas Agricultural Experiment Staton, Box 292

Stephenville, Texas 76401 United States,
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microfiching plant inventory data in different formais such as by

mbers, by scientific name, and by origin/source. The printed

28/ are bulky and heavy. Microfiche would cut down on mailing
id on space conservation for storage. Compact computer digks

offer even greater officiences in the future. The front cover of USDA

¢ [nventory 186 for 1087 is shown in Fig. 1.8,

ey Plant Inventory
=g No. 196
Plant Materials Introduced

January 1 1o December 31, 1987
{Nos. 506219 1o 514275}

Fig, 1.B. Trontspiece for USDA Plant Inventory Na. 186 for 1987,

d. Liaison on Quarantine Malters. Most gountries have guarantine
regulations that were developed to safeguard regularly culiivated crops
from possible ravages of introduced exotic pests. When a country Jacks
the resources or lacks procedures for handling restricted items,
invariably the movement of plant germplasm into regearch programs will
be hampered. PIO provides & linkage between scientists and U.5.
quarantine officials for the importation and exportation of . plant
materials. There are two main reasons for this activity:

1. To assure that the quarantine reguirements of the importing coun-

try are met, and
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2, To help expedite the rapid movement of the materials into

researchers’ programs,

Scientists that wish to import or export plant germplasm should be
aware of the importing country’s requirements. U, S. scientists can obtain.
this information by contacting PIO or APHIS. NPGS is striving to
streamline the systematic introduction and quarantine increase of
restricted materials. Recently, the Federal Experiment Station, St. Croix,
U.S. Virgin Islands was approved for the field increase of quarantined
sorghum germplasm. Hopefully, prohibited crops like maize, pear! millet
{Pennisetum spp.), and rice will be approved by APHIS for quarantine

increase at the St. Croix Station in the near futore, .
" Problems in meeting import requirements of other countries are
increasing. A phytosanitary certificate cannot be issued unless the
import requirements can be fully met. Perhaps the most commmonly
encountered problem is the requirement of field inspection of the
parental planting. Import permits are often not provided even though
required. Other additional declarations (ADs) such as that a particular
disease does not oceur in the U.S, or area of production, viras-free certi-
fied, or treatment with specific pesticides are.frequently difficult to meet,
U.S5. researchers, especially curators of plant germplasm, should be
aware of import requirements of other countries. This awareness is
particularly important for highly perishable materials such as plants, cut-
tings, and tissue cunltures. Scientists are encouraged to check before
shipping with local state and federa] quarantine officials, APHIS offi-
cials at the TFSDA Plant Germplasm Quarantine Center, or with the Plant
Introduction Office about the quarantine status of specific plant
materials, .

2. Plant Exploration and Ecogeographic Studies. Actvities related
specifically to plant exploration involve assessing genetic diversity of
germplasm collections currently held by the NPGS and other repositories
as compared to total genetic diversity that may exist in nature. A gene
pool concept is employed to compare the potential utility of wild crop
_ relatives for plant breeding. Based on priorities developed with the gene
pool concept, gaps in current germplasm collections are identified as :
indicated by inadequate coverage of total genetic diversity, Plant explora-
tions are planned based on a need to acquire germplasm to fill those gaps.
LExplorations are carried out using ecogeographic guidelines so as to
collect maximum genetic diversity with a minimum number of samples.
While explorations are usually crop specific, pre-trip plans are often
made to collect wild relatives of other crops occurring in the same area as .
the target crop. Assistance in planning and executing plant explorationis
provided to other collectors undertaking expeditions forthe NPGS, Close..:;
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re also maintained with botanists and other plant explorers

o places where germplasm sought by the NPGS is known to

Lase contacts can sometimes acquire germplasm which would

e require a separate NPGS pxpedition.

ddition, the ecogeographic unit in GSL investigates problems in
diversity and collection coverage. Automatic data processing
ques are used to develop long-range strategies for increasing the
diversity of U.8. collections. Current projects include assess-
‘of highest priority needs among major crops, construction of
hical information and expert systems to map optimal itinerdries
ection trips, and investigation of the most urgent needs from
stories in selected countries.

S has annually recurring funds for foreign and domestic explora-
. gcientists submit proposals according to a prescribed format (see
apter 3). The proposals are gent through a review system of Crop
s0ry Committees, Regional Technical Conmmittees, QOperations
minittee, and lastly an ARS Germplasin Matrix team, Assistance to
\ectors relative to contacis, quarantine, collection permits, distribu-
n of samples, and other factors is provided by scientists and by sup-
rt staff of the Germplasm gervices Laborafory (GSL). GSL staff may
also directly participate in explorations. Field data are gollected on data
sheets that conform closely to the passport data area of the GRIN
tabase. This greatly expediies data entry and speeds up the passport
data documentation and PI number assignment. 1.8, scientists some-
times receive special funds for exploration or may join other collecting
expeditions sponsored by other organjzations such as The International
oard for Plant Cenetic Resources {(IBPGR). The quarantine inspection of
‘all incoming materials regardless of whether by exploration or through

exchange is gssential,
© The various crop advisory committees are charged with determining
collection gaps and gpecific germplasm needs of the particular crop or
crops for which they provide technical expertise. priorities for explora-
. tion are influenced by geveral factors such as the completeness of the
. collection, the need for specific traits for significant advancement, the
threat of immediate 1088 of old landraces and wild relatives in centers of
diversity because of agriculiural or urban development, and political
factors affecting future availability of germplasm.

For foreign materials, collectors must adhere to U.S. gquarantine
regulations, therefore interactions amonsg the crop curators, the Plant
Iniroduction Officer, the National Plant Germplasm Quaraniine Center,
and the collectors must fake info consideration the guarantine aspects
and the initial distribution of the maierial upon entry into the United

_ States. Guidelines for conducting explorations and listings of completed
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explorations are given in Chapter 3 of this volume of Plant Breeding
Reviews and in the so-called 20-year Report (Univ. of Georgia 1971).

3. Database Management Unit. Personnel at various collection sites
developed their own manual documentation methods over many years,
and more recently different kinds of computer database systems. As
examples, P10 used a paper tape word processor to generate PI number
records for many years until conversion to a Datapoint computer system
in 1979, and the Western Regional Plant Introduction Station used an
automated data processing system in 1959 which was updated and modi-
fied to a computer system in 1963,

As germplasm collections expanded and the need for easily retrievable
information increased, the need to develop a national information system
for NPGS became apparent (see Chapter 2). The initial step in this direc-
tion occurred in 1976-77 as a feasibility study. Results of that study
showed that a fragmented information system existed but it lacked the
organization, linkage, uniformity, and staffing to meet the requirements
of the users and NPGS operational entities (Agr. Res, Service-USDA
1987). Subsequently, the Germplasm Resources Information Project
(GRIP), a joint private/federal/state venture emerged and was supported
by ARS through a Cooperative Agreement with Colorado State Univer-
sity. In July 1983, the database program received its present name-—the
Germplasm Resources Information Network (GRIN)—and ARS assumed
the responsibility to complete, implement, upgrade, and maintain the
database (Agr. Res. Service-USDA 1987; Perry 1988; Perry et al. 1988).

At this writing GRIN software programs have had two major revisions
aimed at making the system more user friendly and at providing addi-
tional- capabilities for the sites, Data from most NPGS sites have been
loaded onto the database. Most of the NPGS sites were “on-line” during

1988, In addition to handling passport, evaluation, and inventory

information, there is a taxonomy file that is expected to surpass 50,000
scientific names. This file encompasses most of the 3000 species in a
useful working checklist compiled by Terrell et al. (1988). Germination
test results and geographical files are also maintained on the database.
GRIN is a eentralized computer database and consists of Prime Computer
Na. 9955 with the capacity of 2 hillion characters of data or data for an
estimated 550,000 accessions. It is user-friendly and easily accessed
through telecommunications. The main purpose of GRIN is to serve asa
central repository for information about germplasm in NPGS.

B. Plant Quarantine Regu!atiuns and Procedures

Quarantine regulations are enacted to provide safeguards against the
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pests that adversely affect crop production and storage.
tates that the following underlying premises should apply
pasures:

n sound biological principles with objectives of
ring the introduction and spread of pests. The objectives
he reasonably achievable through adequate law,

vity, and expertise.
uld not be used to hinder trade or exchange of plant

mplasm.
hould be readily changeable as conditions change and more

re Knowrmn.
uires well-informed gudarantine officials and the cooperation

ientists and the general public.
3 in conjunction with other domestic pest management

.G, categories of quarantine {Waterworth and White

White 1987). These are:

Restricted~An inspection at the port of entry satisties the
guarantine requirement for most plant species in this category.
‘Permits may he required especially if more than 12 plants are
‘involved. The main objective of this category for low-risk items is
gpection of the jmported plant materials, Most
e in the restricted

to insure officialin
forage, vegetable, and flower gpecies ar
SR category.

d Postentryr—Postentry as a term is often incorrectly used, As 2
guaranting category, gpecific conditions are detailed for handling
such materials. Usually, inspections during two active growing
seasons are‘required. Certain distances hetween quarantined and
nonquarantined tterns must be maintained. A postentry permit
allows individuals to observe the materials but they cannot dis-
tpibute fhem until formally released by quarantine officials.
Tederal and State approval are required for postentry permits.

3. Prohibited—This i the most restricted category. Federal permits
are required for any plant gpecies in this category. The imposing
of this resiriction varies widely depending on the
parts snvolved (8.8 seeds, plants, cuttings, buths),
lncation.

Researchers cannot obtain permiis for pmhibited category jmporis of

gome Ccrops guch as Malus, Prunus, Pyrus, {uber-bearing Splanuim

(potatol, and roots of Ipomoea (sweet potato). These items, with few
exceptions, must be virus—indexed through the program of the National
lasm Quarantine Center. Howevel persons with proper

Plant Germp
‘expertise and facilities can obtain permits for most of the prohibited

and the sOUrGe

crop, the plant
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seeds category. A partial listing of plant species that fall under the posten-
try and prohibited categories is given in Table 1.7.

Table 1.7. Examples of Crops in the Post-Eniry and Prohibited Quaraniine Categories?

Crop ‘World Source Requirements Pests
Seeds
Arachis China, People's Prohibited, permit®?  Stripe viras
{peanwut) Rep. of, Philippines,
Thailand
Gossypium All countries Restricted?, Pink bollworm,
{cotion) requires acld viruses, various
delinting or diseases
funigation
Oryza All countries Prohibited, permit,  Smuts, viruses,
(rice) detention nursery various diseases
Pennisetum Africa, Asia, Brazil, Prohibited, permit Smuts
(also Elsusine, Bulgaria, USSR ’
Echinochlioa,

Panicuin, Setaria}
Prunus
(except vesistant
species)
Solanum
{tuber-bearing
species)

Sorghum

Triticum

Zea

" All countries

All countries
except Canada

Africa; Asia,
Australia,
Bulgaria, USSR
Asia, eastern and
southern Europe,
parts of Africa,
Australia,
Guatemala,
Afghanistan,
India, Iraq,
Mexico, Pakistan
Asis, Africa,
Australia
QOceania, Bulgaria,
IS8R

Prohibited, AT)* cn
permit

- Prohibited, permit,

share seeds with
gquarantine
officials
Prohibited, permit

Prohibited, permit

Prohibited, permit

Prohibited, permit

Plum pox virus

Viruses

Ergot, loose smut

Flag smut »

Karnal bunt

Downy mildew,
witchweed

1adapted and updated from Waterworth and Whife {1982), Parliman and White (1985),
White (1987) and Animal and Plant Health Service-USDA {1982},

2Qnly one permittes currently approved.

3Status under review. .

1additional declaration (AD) required on exporter's phytosanitary certificate,

5(Only two permittees currently approved.

o—




Hambusa, other
anera bamboo

Cifrus
Cocos
fcoconut)

Dianthus

Fragaria
(strawherry)

World Source

Europe, jJapan

All other counirias
except Canada
Taiwan, Japan

All other countries
axcept Canada,
Australia, New
Zealand

All countries

All countries
except Canada
_Argentina, Brazil,
Chile,

‘Europe (except
Creat Britain),
gouth Africa,
Uruguay,
Venezuela,

alt countries
entirely or

pari between 90
and 180 degrees
East longitude
All other countries
except Canada
All couniries

All couniries
except Jamaica

All countries
except Canada,
Great Britain if
AD* lacking
Anstralia, Austria,
Czech.,

Yrance, G. Britain,
Ttaly,

Japan, Lebanon,
The Netherlands,
New Zealand,
Northern Ireland,
Rep. of Ireland,

I

Requirements

Vegetative Propagules

prohibited, permit

Postentry permit
Prohibited, permit

Postentry permit
Prohibited, permit

Postentry permit

Prohibited, permit

Postentry permit,
AD* .
Prohibited, permlit®

Postentry permii

Prohibited, permit

Leaf disease
[Xanthomonas],
maple-variegatien
virus

Rust

Diseases

White rust

Viruses

Lethal yellowing,
cadang-cadang
discase
Carnation-etched
ring

streak and fleck
viruses

Red stele disease
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Crop

Fragaria (cont.}

(Grasses
(various genera)

Ipomoea
(sweet potate)

Malus, Pronus &
Pyrus
(apple, peal,
cherry,

peach, aimond,

etc.)
Morus
(mulberry)

Phoenix
{date palm]}

Pinus
(pine)

Ribes nigrum
(biack currant]

Rosa spp.
(roses}

Rubus
(blackberry,
raspberry)

World Source

Gwitzerland,
USSR

All other countries
except

Canada

All countries
except

Canada

All countries
except

Canada

All but few with
approved
virus-free
certification

India, jJapan,
Korea,

Thailand, USSR,
People's Rep. of
China

Al other countries
except

Canada

All countries -

* Europe

Europe and Japan
Australia, British
Columbia,

Europe, New
Zealand

All gther countries
except

Canada

Australia, Italy,
New Zealand

All other couniries
except Canada

All countries.
Ontario,

Canada, & Europe
require’ AT}

Requiremenis

Postentry permit
Prohibited, permit

Prohibited,
NPGQC permit
only
Prohibited,
NPCQC permit
only

Prohibited, permit

Postentry permit

Prohibited, permit

Prohibited

Prohibited
Prohibited, permit

Postentry parmit

Prohibited, permit
Postentry permit

Posteniry permit
unless

AD* from Ontario,’

Canada

SHANDS, AND CILBERT R. LOVELL

Pests

Virusesfvirus-like
diseases

Viruses

Viruses

Dwarf agent, curly
little mosaic,
others

Lethal yellowing,
cadang-cadang
diseass:

others

Douglas fir canker

Rust
Black currant

reversion
agent

Rose Wil

Stunt virus

S——
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Requirements

World Source

Prohibited, permit Watermark disease

Germany (FRG &
(Erwinia)

GDR)

Great Britain, The

Netherlands

All other Buropean ‘ postentry permit

countries .
All except Canada prohibited, permit  Viruses

M. ash varietation

Fed, Rep. of Prohibited, permit
virus

ntain ash} Germany, German

' Dem. Republic,

Ausiralia,

Japan, New

Zealand, Oceania,

Philippines,

People’s Rep. of

China

All other countries Postentry permit
except Canada

Theohroma All countries Prohibited, permit  Virus & virus-like
{cocaa) diseases
Vitis All except Canada Prohibited, permit Viruses & diseases
(grape)
ul plant introduction

- Quarantine is an imp ortant ingredient of guccess{
“ programs, Whiie (1987) likens plant introduction and quarantine to a
mareage of necessity. Adegquate safeguards to protect against the
inadvertant introduction and spread of exotic and potentially dangerous
diseases, insects, nematodes, and weeds should be built into any plant
infroduction program. At the same time, provisions for the systematic
introduction of germplasm and adequate testing for possible pests is
essential for the regular influx of genetically variable materials into crop
improvement and basic research programs.
Kaiser (1983 and 1987) warns against the {ntroduction of serious seed-
borne diseases with plant germplasm and describes testing procedures to
insure the production of healthy plant materials. Parliman and White
{1985) describe in considerable detail the yirus-indexing procedures used
for testing imported germplasm of fruits, potatoes, and sweet potatoesin
theirreview of the U.S. plant introduction and quarantine system. Onthe
international scene, R. P, Kahn (1983) discussed the pathways Over .
which pests and pathogens ¢an move or be moved from country to coun-
iry, He considered one of the pathways the import and export of seedsby
the International Agricuttural Resecarch Centers. Yarious safeguards
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including those used by the Centers for Phaseolus {beans), Triticum
(wheat), Cicer (chickpeas), Cajunus (pigeon pea), Arachis (peanut), and
Vigna (cowpea) are discussed. :

Laypersons and scientists need to be aware of the risk faciors asso-
ciated with species they intend to import. They need to obtain import
permits and use quarantine import labels (Fig. 1.9). Materials to be sent
directly to individuals should be given to federal or state quarantine offi-
clals for inspection regardless of the quarantine status of the materials.
Materials exported to other countries should first be inspected by
guarantine officials and be accompanied by a phytosanitary certificate,
When the importing countries’ requirements can’t be met, a certificate
willnot be issued. In such cases, the importer will either have to obtainan
import permit which waives the unmel requirement [usually an addi-
tional declaration (AD)] or work out special arrangements through the
importer's quarantine service. PIO usually can provide assistance in
properly resolvmg these problems.

Fig. 1.9. A sample quarantine import label with instructions for proper use. Permit No.
2100 is used primarily by the USDA’s Plant Introduction Office.
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Many countries including the United States have routine inspections of
germplasm growouts by gualified quarantine officials or by their
approved representatives. With effective inspection programs, import
requirements are more readily met, Further, officials of as many coun-
iries as possible should strive for compatability in their virus-indexing
. programs that would allow the movement of much larger numbers of
plant materlals under postentry requirements. Acceptable compatibilily
among many countries will be difficult to achieve, and must include con-
stant monitoring, but would contribute greatly to the germplasm
accessihility of Citrus, Ipomoea, Malus, Prunus, Pyrus, tuber-bearing
Solanum and other crops,

In summary, federal and state quarantine officials work closely with
scientists in NPGS to provide safeguards against the inadvertant intro-
duction of serious pests with the importation of plant germplasm. A flow
channel for the movement of imports and exports permits the routine
inspection of plant materials and helps to insure that the importing coun-
tries’ quarantine requirements are met. Systematic arrangements exist
for handling most gquarantined items buf improvements are needed to
shorten the quarantine period especially for fruit germplasm and allow
more accessions to be rapidly tested and released for use in research
programs. '

International cooperation in obtaining greater compatability of virus-
indexing procedures among nations is needed so that rigidly quarantine-
restricted germplasm can be more accessible to research scientists,

C. Noxious Weeds

The Plant Quarantine Act of 1912 granted authority for regulation of all
plant material imported from abroad because of plant pests. The Federal
Noxious Weed Aet of 1974 provided authority to regulate the introduc-
tion of known noxious weeds from other countries, Both Acts are
administered by APHIS. USDA Directive 610.5 of June 7, 1979 entitled
“Minimizing Risks of Releasing Weedy or Poisonous Plants" presents
guidelines for handling the importation of noxlous weeds for research

-and germplasm programs. Recipients of noxious weed seed are required
to obtain federal and state quarantine permits (both federal and state
approval) and interstate stickers must be placed on packages for inter-
state movement. Examples of an import permit and interstate ghipment
label are shown in Fig. 1.10.

Some noxious weed species are important components in germplasm
collections. A notable example is Avena sterilis of which 5,946 acces-
sions reside in the National Small Grains Collection. This species has
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been used extensively in the improvemeni of the common oat, A.
sativa. ’

The following noxious weed species are included in U.S. plant
germplasm collections:

Avena sterilis Pennisetum clandestinum
Carthamus oxyacanthus Pennisetum macrourum
Chrysopogon aciculatus Pennisetum pedicellatum
Digitaria scalarum Pennisetum polystachion
Galega officinalis Prosopis farcta
Heracleum mantegazzianum  Rotthoellia exaltata
Imperata brasiliensis {= Rotihoellia cochinchinensis)
Imperata cylindrica Rubus fruticosus
Ipomoea aquatica Rubus moluceanus
Ipomoea iriloba Saccharum spontaneum.
Ischagmum rugosum Setaria pallidifusca
Oryza rufipogon Urochloa panicoides

Paspalum scrobiculatum

Fig 1.10. Sample import permit and interstate shipment label for noxious weeds.
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For further information about rules, regulations, and species per-
{aining to noxious weeds, see 7CFR Part 360, Noxious Weeds, Federal
Register Vol. 48, No. 87, 1982, The book by Holm and others (1979) about
world weeds wasa primary source of information for determining which
species should be included in the 1083 Noxious Weed list.

D. Germplasm Working Collections

The objectives of working collections are esgentially the same even
{hough activities may vary greatly because of the nature of the species
maintained, These objectives include germplasm acquisition, increase,
evalpation, data documentation, mainfenance, distribution, and
training. Maost include extensive service activities and some research
especially related to evaluation and enhancement.

1. Seed Collections. Gamples from exchanges, explorations, gift dona-
tions, special projecis or agreements, and domestic research programs
are inventoried and scheduied forseed increase and evaluation. Germina-
tion tests may be done in-house, fhrough slate seed laboratory arrange-
ments, or by staff of the National geed Storage Laboratory. Planiings are
designed to be large enough to adequately represent the diversity con-
tained in the original sample and to allow distribution for research and
Jong-term storage (see Chapters 4 and 6}, For many cross-pollinated and
partially cross-pollinated species, gpecial pollination control is neces-
sary to maintain the genetic integrity of original stocks. Hence, tech-
niques such as hand poliination, bagging, sibbing or caged insect pollina-
tion must be employed (Fig. 1.41).

Crop advisory committees (CAG) in close cooperation with IBFGR
committees develop descriptor lists for the most important traits for
which information is needed. These descriptors emphasize agronomi
and horticuliural traits of greatest Importance to breedaers, pathologists,
entomologists, and other researchers.. Botanical and morphological
descriptors are used mainly for identification purposes. Some of the
descriptor information is ohtained at the seed increase site. Other data
may be gathered by specialists at other locations through cooperative
arrangements (see Chapter 7). The coordinator has the responsibility to
see that all evaluation data are properly entered into the GRIN datahase.
These data then become available to all seientists and institutions that
have electronic access 1o the database. Others can obtain hard copy
information from the goordinator. _

The deposition of good quality geed into NSSL for long term storage isa
high priority matter. This should be accomplished as soon a8 possible
after the first seed increase. NSSL has gstablished protocols for namber
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Fig.1.11. Pollination-contral for seed increases of perennial Meadicago germplasm, Photo
(1988) courtesy R. N, Peaden, USDA-ARS,

of seeds and germination levels for various types-of seeds. The rejuvena-
tion of NSSI, seedstocks when low in germination or quantity is coordi-
nated with the curator.

Germplasm holdings of the four Regional Plant Introduction Stations
(RPIS) as of March 1, 1988 are given in Table 1.8.

Staffing at the RPIS usually includes a Coordinator, Agronomist,
Horticulturist, Plant Pathologist, and an Entomologist. These scientists
are supported by technicians and clerical workers who may be federal or
state employees. The Iowa Station makes effective use of Research Asso-
clates who are assigned major responsibilities for handling the
maintenance of specific crops plus other phases of the total program. The
Georgia Station has separate gurators for some of its larger or more

Table 1.8, Plant germplasm aceessions maintained at the Regional Plant Introduction
Stations as of October 3, 1988.

Total no. No. of No. of No. of genera with
Station of accessions genera species aver 500 accessions
Ames, [owa 26,434 353 1364 11
Griffin, Georgia 58,038 272 1354 20
Geneva, New York 15,130 ° 51 218 9

Pullman, Washington 39,171 232 1729 19
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difficuli-to-maintain crop species. Students a
at all stations during heavy work periods su

39

nd ternporary help are hired
ch as planting, data taking

and harvesting operations, The total collection of plant germplasm main- .
tained by these four Regional Stations i5 steadily increasing. Research 18

needed to effactively minimize duplications,

to form diverse composited

populations, and to improve growout technigues to maximize prodac-

tivity and retention of genetic integrity. Consideration should also be

given to the handling of little-used accessio
Examples of germplasm from RPIS tha

ns.
t has contributed to plant

improvement and some resultant cultivar releases follow:

Arachis hypogaea-Peanut
Pl 203958 High yield. Good

processing and chemical
qualities.

‘Argentine’ is a pure line
selection. (Univ. of
(eorgia 1971}

Crambe abyssinicaHPotential new oilseed crop.

PI 247310 Uniformity, good yield.

PI 279346 Uniformity, earlier than
Prophet.

pI 514648  High yield, intermediate
maturity.

Hemarthria altissima—Limpograss

Pl 2909993 Productive, high
P1 209994 yield, persistant
pl 209095  under grazing.
P1 364888

Medicago sativa—Alfalfa
PJ 141462  Resistance to nematodes
and bacterial wilt,

Phaseolus vulgaris—Dry bean
PI 203958 Fusarium root rof
resistance.

‘Prophet’ (P1 514660)
derived by selection
‘Indy’

“Meyel' derived from P1
279346/P1 247310

Redalta’ ‘About 4,900
‘Greenalta’ 1o 6,000 ha
‘Bigalta’ pstablished
‘Floralta’ in South
TFlorida

primarily of
Bigalta and
Floralta

‘Orunja’ from Iran used as
a source of nematode resis-
tance, saving growers
millions of dollars (Univ. of
Georgia 1971)

From 1874-1983, used in
11 cultivars of pink, pinto,
and red Mexican bean
classes (Silbernagel and
Fannan 1988)
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Pisum sativum—Pea
PI 140295  Resistant to PSbMV and Parent in ‘Corvallis’ (Rolan
pea enation mosaic virus, . and Sherring 1982)

The National Small Grains Collection (NSGC), the largest and most
active collection within the NPGS, was moved from Beltsville to the
amall Grains Research Center in Aberdeen, Idaho during 1988, The
quarantine activity on rice seed imports will be coordinated through the
NPGQC at Beltsville. As of October 3, 1988, the NSGC included 111,936

accessions comprised of:

wheat 42,749 Iye 2,311
barley 25,743 riticale 1,011
oat 21,342 Aegilops 775
rice 17,986

The collection encompasses 11 genera and 95 species. _
The location, main crop genera, and total number of accessions main-
tained by working collections of seed are given in Table 1.9,

2. National Clonal Germplasm Rgpnsitories (NCGR). Plant germplasm
that must be maintained vegetatively presents a special challenge to
resgarchers who maintain and use the maierials and fo administrators
who by necessity must allocate funding on a long-term hasis. While the
Federal Plant Introduction Stations at Glenn Dale, Maryland; Miami,
Florida: Savannah, Georgia; and Chico, California served many years as
informal repositories for many fruits, nuts, and ornamentals, their
capabilities were grossly inadequate to effectively serve the national
needs. In 1974 a Workshop of the American Society for Horticultural
Science held at Guelph, Ontario dealt with the problem of conservation of
fruit and nut tree species, A NPGC report later recommended a network
of repositories be established for these clonally propagated crops. Brooks
and Barton {1977) described a plan for the establishment of repositories
that would meet the maintenance and distribution needs for most
vegetatively-propagated fruit and nut species.

Through new budget appropriations to two U.S. Department of Agri-
culture agencles—the Agricultural Research Service [ARS) and the
Cooperative State Research Service (GSRS), plans for construction and
staffing of the clonal program were implemented, Because of insuffi-
cient funding, the plan that Brooks and Barton described had to be scaled
down.

Funding was transferred to ARS in 1986 after a series of attempts to
reduce the Special Grant funds within CSR5 threatened the exlstence of
stable funding for the activity. ARS during 1987 ‘began the process to
Federalize the repositories at Corvallis, Oregon; Davis, California; Hilo,




1, HISTORY AND OPERATION OF THE NPGS 41

Table 1.9. Location, and the main crop genera and total number of accessions main-

sained by working seed collections.
) Total number
Location Main genera : : of accessions
California, Davis Lycopersicon genetic stocks & species 2,950
Salinas Lactuca, endive, chicory 2,543
Colorado, Ft. Collins Hordeum genetic stocks 3,000
Geovgia, Griffin Bamboo a0
Abelmoschus, Arachis, (ajanus, Capsieumt . 58,038

Citrullus, Cucurbita, Paspalum, Sesamum,
Sorghum, Trifolium (annual}, Vigna, Ipomoea {frue
seeds and roots)

Tifton Pennisetumt ' 5,236
Idaho, Aberdeen Aegilops, Avens, Hordum, Oryza, Secale, 111,936
Triticwm, X Triticosecale
[linois, Urbana Zea genetic stocks 5,000
Glyecine max 7,939
G. soja [wild soybean] as7
Q. spp. (perennial soybeans, 12 spp.) 523
Iowa, Ames Amaranthus, Beta, Brassica, Cucumis, Cucurbita, 26,434
Helianthus, Zea ’
Kentucky, Lexington Trifolium - 1,500 °
Mississippi, Stoneville Glycine max 3,364
Missouri, Columbia Triticum genetle stocks 600
New York, Geneva Alljum, Brassica, Lotus, Lycopersicon, Pisum, 15,130
Trifolium {perennial]
) Pisum genetic stocks 3,000
North Caroling, Oxford Nicotiana 2,000
North Caroling, RaleighTripsacum (seed and clonal} 353
North Dakota, Fargo  Linum usitatissimum ’ 2,669
Oklahoma, Stillwater Arachis 1,700
South Dakota, ] MNative grasses 1,280
Brookings .
Texas, College Station Gossypium spp. 4,770
tah, Logan Forage & range grasses : 1,410
Washington, Pullman Carthamus, Clcer, Eragrostis, Festuca, Lens, 39,171
Medicago, Phaseclus
Wisconsin, Sturgeon Tuber-bearing Solanum ’ ) 3,834

Bay

1post of these mumbers are current to October 3, 1988 via data on the G:RIN database.

Hawaii; and Riverside, California to ensure funding stability for their
activities.

There are now eight repositories as shown in Table 1.10. T he primary
objectives of these repositories are to collect, identify, preserve, gvaluate,
and distribute clonal fruit and nut germplasm, and manage the asso-
ciated information (See Chapter 5). The first formally dedicated
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Table 1,10, Glonal repositories of NPGS!

Year
Location formalized Main genera Accessions
Corvallis, Oregon 1980 Corylus, Pyrus, Fragaria, Rubus, 5,815
Vaceinium, Ribes, Mentha,
Humulus
Davis, California 1981 Prunus, Juglans, Vitis, Pisfacia, 3,755
Ficus, Olea, Actinidia, Diospyros,
. Punica, Morus
Miami, Florida/ 1984 Manifera, Musa, Persea, Coffea, 8,116
Mayaguez, Puerto Saccharum, Theobroma,
Rico Anacardium,
Bertholstiia
Ceneva, New York - . 1985 Malus, Vitis (American) 3,049
Brownwoaood, Texas 1984 Carya, Gastanea 185
Hilo, Hawaii 1986 Macadamia, Ananas, Psidium, 535
Passifiora, Caricea, Artocarpus
Orlando, Florida . 1986 Citrus 400
Riverside/Brawley 1987 Citrus, Phoenix 827
California
National Arboretum pending " Woody ornamental germplasm .

‘Washington, D.C.

1adapted from Westwood [1956]. Most of these data are current to October 3, 1388,

Number of accessions change frequently.

Fig. 1.12, 'The National Clonal Germplasm Repaository at Corvallis, Oregon., (Photo
courtesy the Corvallis Respository, 1883), )
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repository at Corvallis, Oregon became operational in 1980 [We;;twood
1986). Its physical layout is shown in Fig. 1.12. The Miami Station has
been maintaining and distributing subtropical and tropical fruits and
_ornamentals since its inception in 1898. The U.S. Plant Introduction
Station at Glenn Dale, Maryland, although primarily a guarantine
“facility, served as an informal repository for many years simply because
other facilities did not exist. For example, after the Corvallis and Geneva
repositories became functional 268 stocks of pear (Pyrus spp.) were
moved from Glenn Dale to Corvallis and 892 apple (Malus) to Geneva.
The Mayaguez Station also has a long history of germplasm maintenance
and distribution especially to the soufhern U.S. and the Caribbean.

While not a formal part of the NPGS clonal repository network, the
Interregional Project No, 2 (IR-2] is an important source of commercial
virus-free tree fruit germplasm for domestic and forgign research and
production programs. This project, which began in 1855, has asits objec-
tives to derive, preserve, and distribute virus-free, deciduous tree fruit
germplasm. This project presently maintains abmost 1200 accessions con-
sisting of approximately 699 Prunus, 294 Malus, 163 Pyrus, and 8
Gydonia. Most of the foreign distributions from IR-2 are made through
the PIO.

Westwood (1988) developed a detailed Operations Manual for national
clonal germplasm repositories (see also Chapter 5). To increase
maintenance efficiency and hold costs to a minimum, innovative
methods of germplasm cleanup and retaining pest-free status, long term
preservation, rapid propagation, and improved handling for distribution
are imperative. Tissue culture, cryopreservation, and other technologies
will become increasingly important, A major accomplishment will have
been achieved when the clonal materials can be certified virus-free. This
will be extremely valuable to U.5. and foreign researchers who use these
materials in their crop improvement programs. Also, germplasm
becomes more useful and hence more valuable when passport and
gvaluation information is available in machine-readable form.,

Persons involved in carrying out the many tasks associated with the
clonal repositories provide a valuable service to UU.S. and foreign agricul-
ture and ultimately to the consumer, T his program enjoys a high degree of
federal, state, private, and international cooperation. Cuidance is
provided by advisory groups, especially crop advisory and technical com-
mittees. Better nuiritional quality and a wider range of food crops today
and preservation of germplasm to meet the needs of future generations
are noble endeavors indeed.
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g, Advisery componenis and Gommuninations
]ournel

1., Advisory. NPGSis a highly cooperative program that involves federal,
gtate, and private gectors. With a gizeable funding increase in federal
Figcal Yeatl 1088, the approximate ARS portion of the apmual operating
pudget of NPGS is 26.4 million dollars. YWith a program of this magni-
tude, complexitys and diversity, and jnvolving 9 many locations,
advisory groups have become increasingly jmportant in its overall
management. These groups provide yaluable expertise and guidance per-
tipent to program functions (White 1985},

Let us now briefly consider these advisory components: their back-
ground, composition, and functions. .

a. N ational Plant Genetic Resources Board {N PGRB). The gecretary of
Agricuiture appoihts the members and the Board must be officially
renewed every two years (Plant Gen. Res. Board, USDA 1984). The main
objectives 8re (1) to advise the ggcretary and the State Agricultural
Universities of nai_ionai plant germplasm needs and (2) to identify high
priority programs for conserving and utilizing plant genetic Yesources.
Duiies include (1} being aware of activities directed to minimize genetic
yulnerability of crops, (2 recommending actions and policies OR collec-
tion, maintenance evaluation and utilization of plant genetic resources,
(3 recommending actions for {mproved coordination of domestic and
internationai activities on plant germplasm. (4) recomm ending poticies )
improve c;uarantine and pest monitoring relative fo pxchange and dis-
sribution of germplesm, and (5) advising Oon new and innovafive
approaches tp plant improvement.

Board members have recognized diverse capabilities and represent

federal, state and private sactors. The Board was 8 direct outgrowth 0
recommendations Following the southern corn blight epidemic of 1969
and 1970,
b National Plant CGermplasm Committee (NPGC). This committee
EIEW out of the pre-1972 New Crops Coordinating Committes and was
tailored 10 meet the needs of 2 proadened national program on plant
germplasm that resulted from the July 1872 reorganization of ARS.

Representation inctudes the Siate Administrative Advisors to the four
Regional PIOiBGtSr—-NC-’T, NE-8, 5-9, and W-6 (the Regional plant Intro-
duction gtations are part of these stateifederel projeots], selected ARD
Aryea Directors and National Program Siaff, CSRS5, and private com-
panies. Official ogbservers include representetives from APHIS, Canada,
‘and Mexico. '

The committee provides coordination for the research and service of
federal, states and private groups ipvolved with plant germplasm
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including the development of operational policies, research priorities,
Jong term research programs, and serves as a forum for NPGS.
¢. Plant Germplasm Operations Committee (PGOG). This commitiee is
a direct outgrowth of the ARS Plant Germplasm Coordinating Committee
with expansion o include the National Clonal Germplasm Rep ositories.
It coordinates day-to-day operational activities, reviews and prioritizes
plant exploration proposals, identifies problems and needs of the NPGS,
and implements, through its members, operational changes and plans for
increases, evaluations, and systematic documentation of data.
d. ARS/NPS Germplasm Matrix Team. This relatively new group is
chaired by the program leader for plant germplasm. Members have,
through their staff responsibilities, vested interest inmatters dealing with
plant germplasm. Specific recommendations are made to the ARS
administrator relative to funding of explorations, quarantine problems
and procedures, gpecial or emergency funding needs, policy and opera-
tional. procedures, and other operational and administrative matters.,
e. Technical Advisory Cominitteas (TAC-RegionaL Interregional, and
Clonal projects). These commitiees were established to provide tech-
nical guidance, expertise, and assistance iy the startup operation of a
specific germplasm unit or project and recommend service, budget, and
research priorities. In 1988, the TAC for apples and grapes dissolved
itself for a job completed, yielding to the associated CAGCs.
f. Crop Advisory Committees (CAC). These commiitees have evolved
over many years. S5ome emerged from parent groups guch as the Tomato
Breeders’ Round Table, The National Alfalfa Improvement Conference,
~and the Wheat Improvement Committee, Others, especially those of
recent vintage, have been formed because of recognizable germplasm-
related needs. Impetus and the need for expanding the CAC network
were fueled by the NPGRB's need to know the germplasm status of major
crops and by the GRIP and later GRIN Project's need to establish evalua-
Hon descriptors for the various crops. These commitiees represent the
germplasm user community fora particular crop or group of crops. They
provide expert guidance on germplasm needs, collection gaps, descrip-

tors, documentation, regeneration, evaluation plans, and research needs,
A listing of the committees follows:

Alfalfa (Medicago spp.) Crucifer (Brassica, Raphanus)

Apple (Malus spp.) Crass (forage and turf)

Barley (Hordeum spp-) Juglans (walnuts)

Carya (Pecans, hican, hickories) Leafy vegetables {lettuce,

Citrus (orange, grapefruii) spinach)

Clover (Trifolium spp., special Maize (Corn-—Zea spp.)
purpose legumes) Oat (Avena spp.)

Cotton (Gossypium spp J) Pea (Pisum spp J
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Peanut (Arachis] Sugarcane (Saccharum spp.,
Pepper (Gapsicum spp.) Miscanthus spp., Erianthus
Phaseolus (garden, lima, tepary spp.)

beans) Sunflower (Helianthus spp.)
Potato (tuber-bearing Solanum  Sweet potato (Ipomeea spp.)
spp.) Tobacco (Nicotiana spp.)
Prunus (peach, plum, almond,- Tomato {Lycopersicon spp.)
cherry) Tropical fruit and nut (Avocado,
Pyrus [pear) Magadamia, mango, papaya,
Rice [Oryza spp.) others)
Root & Bulb crops [onion, garlic, Vigna {Southern pea, yardlong
carrots, beets) ~ bean, others)
Small fruit (strawberry, rasp- Vine crops (squash, pumpkins, -
berry, cranberry, currants) cucumber, cantelope)
Sorghum Vitis (grapes)
Soybean (Glycine spp.) Wheat (Triticum spp., wild
Special food legume (lentil; relatives)
chickpea, faba bean} Woody landscape plants

Sugarheet (Beta)

g. Support Organizations. A number of groups in addition to. ARS
provide funding, policy-making, local facilities, germplasm increases
and/or evaluations, and general program direction. These include CSRS,
the Soil Conservation Service, Extension Service, APHIS, State Agricul-
tural Experiment Stations, and private industry.

2. Communications. Until the publication of the quarterly news journal
Diversity there was no universal or reliable means of communicating
news and viewpoints on plant geniic resources. Diversity was developed
in 1982 after scientists and administrators working in the NPGS
expressed a growing need for a news journal to serve the plant genetic
resources community both-in the United States and abroad. Now estab-
lished as a respected and authoritative international journal, Diversity
currently serves readers in the United States, particularly the NPGS com-
munity, and in more than 80 other countries.

To ensure the credibility and contimuity of the journal, Genetic
Resources Communications Systems (GRGS, Inc.) was gstablished in
1984 as a non-profit organization based in Washington, D.C. and became
owner and publisher of Diversity. A 23-member Board of Directors, com-
prised of agricultural and environmental leaders from both the public and
private sectors, sets and guides policy for GRGS and Diversity.

There is general agreement within the NPGS that Diversity is emerging
as a prominent and important voice for plant germplasm and biological

i







HISTORY AND OPRERATION OF THE NPGS 47

1.
diversity issues at the national and international level. The journal has
gained strong credibility among its readers for ifs accuracy and. objec-
tivity; its breadth of coverage; its selection of topics; its response to
changes in format; and overall editorial quality.

Perhaps Diversity’s most significant contributions lie in the area of
providing a forum for the exchange of ideas, philosophies and informa-
tion among all levels of programs, organizations, and governments,
particularly in the regular reporting of current information about the .5,

National Plant Germplasm System (NPGS), as well as the germplasm
activities of the International Agricultural Research Genters (IARC)
onal Agricultural Research

of the Consultative group 01 Internati

(CGIAR].

Diversity's operation depends on contributions from various publicand

private sector members of the NPGS and the international germplasm
community. This support allows for the news journal’s relatively modest
subscription price as well as for the ability to afford upon request reduced .
and/or complimentary rates for students and other groups. For informa-
tion, contact: Diversity, 727 sth St. SE, Washington, D.C. 20003, phone

(202)543-6843.

IV, NATIONAL AND INTERNATIONAL
INTERACGTIONS

NPGS has no formal ties with any naiional or iniernational agencies

hut has collaborative activities with many. Among those are the Depart-
ment of Agriculture’s Oftice of International Cooperation and Develop-

ment (QICD) and the Department of State’s Agency for International
Development (AID}. The group of International Agricultural Research
Centers (IARCs) under the oversight of the Consultative Group on Inter-
national Agricultural Research (CGIAR) mandate carry out germplasm
and development programs having broad impact. Funded by FAO, World
Bank and specific donor nations, the IARCs have national, regional, and
world impact (Hawkes 1985). Although their mandates cover the broad
continuum of germplasm and crop development activities, IARC
directors have heen unable to accomplish everything that has been
requestad. '
Material exchanges with the JARCs bring a close working relationship
between them and the NPGS. U.5. programs interact on a scientist and
crop by crop hasis with the IARCs (Table 1.11). Professional scientific
visits, correspondence and exchanges of germplasm make most
materials readily accessible. Quarantine restrictions on certain crops
make some exchanges impractical for short-term research activities.
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Table 1.11. Crop Program in Genetic Resourcss at International Agricultural Centers!

Crop Program

IARGCs?

Assoclated
NPGS sites

Barley

Gassava & yams

Chickpea & Pigeonpea

Faba bean & lentlls

Forage grasses & legumes

Majze

Peanut

Phaseclus beans
Potato & sweet potato

Rice

Sorghum & millets
Vigna & soya

‘Wheaf (bread & durum)

International Maize and Wheat
Improvement Genter (CIMMYT)
Mexico, D.F., Mexico

International Center for Agricultural
Research in Dry Areas (ICARDA)

. Aleppo, Syria

Centro Internacional de Agricultura
Tropical {CIAT)

Cali, Colombia

International Institute of

Tropical Agriculiure {IITA)
Ibadan, Nigeria

International Crops Research for the
Semi-Arid Tropics (ICRISAT)
Hyderabad, India

ICARDA

ICARDA, CIAT,

International Livestock Gentre for
Africa (ILCA]

Addis Ababa, Ethiopia

CIMMYT

ICRISAT, IITA

CIAT

International Potato Genter (CIF)
Lima, Peru

IITA,

Asian Vegetable Research and
Development Genter (AVRDC) .
Tainan, Taiwan

The International Rice Research
Institute (IRRT)

Manila, Philippines

IITA, CIAT

ICRISAT

IITA

CIMMYT, ICARDA

Aberdeen, Idaho

Griffin, Georgia
Mayaguez, Puerto Rico

Pullman, Washington
Griffin, Georgia

Pullman, Washingion
Pullman, Washington
Logan, Utah

RPIS (4)

Ames, lows
Criffin, Georgia

Pullman, Washington

Sturgeon Bay, Wiscon-
sin
Griffin, Georgia

Aberdeen, Idaho

Griffin, Georgia
Tifton, Georgia
Griffin, Georgia
Stoneville, Mississippi
Aberdeen, Idaho

1Hawkes 1985
2]BP(R, under the CGIAR group activitles, deals with these and other crops in collec-
tion, preservation, and limited evaluation activities.
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CACs attempt to prioritize acquisition of valuable material and address
questions velating to time in quarantine and whether the same 0T similar
material is available from other points of origin where the commodity is
not guarantined. The Rome-based International Board for Plant Genetlc
Resources (IBPGR) and the NPGS have many common objectives and
much collaborative activity in the areas of plant exploration, conserva-
tion, conservation technology, and inventory database, to name a few.

In general, plant exploration and attention to wild species hasheenleft
to the International Board for Plant Genetic Resources (IBPGR) whose
mandate covers these specific activities, IARCs have limited personnel
and have concentrated their expertise while IBPGR can effectively con-
tract these activities to crop experts with appropriate language and
ecogeographical knowledse,

TBPGR has sponsored collecting of landraces, primitive culiivars and
related wild progenitors of numerous culiivated crops. After appropriate
{ncrease of seeds or cuttings, the materials are transferred to one Or more
of some 37 IBPGR designated base collections, These transfers are
handled by the IBPGR Seed Handling Unit at Kew, England and the FAO
Seed Laboratory in Rome. IBPGR also assists in multiplying and dis-
tributing important existing collections and aids in repatriation activities

-when material has heen lost,

Plucknett and others (1987) stressed the importance of proper preserva-
tion of such materials in gene banks to assure availability for researchin
meeting future food reguirements of the world’s people.

The NPGS has been identified as a designated base collection site for
the following crops: Abelmoschus, Allium, Amaranthus, Citrus,
Cucurhita, Cynodon, Glycine, Ipomnoes, Leucaena, Lycopersicon, Oryza
sativa, Paspalum, Pennisetum, Phaseolus, Gaccharum (seed and cut-
tings), Solanum melongena, Sorghum, Triticum, Vigna unguiculata,
7ornia. IBPGR material distributed to a base collection is intended for
regeneration and incorporation infoa working collection., This is feasibly
accomplished with non-prohibifed species rather rapidly in the U.5.
Prohibited material passing through guarantine measures fo assure
freedom from infectious agents not yet known in the U.S. takes longer to
be made available {0 acientists. Delays are unavoidable when indexing
for viruses in certain fruit and vegetable germplasms. Photoperiod-
gensitive crops from tropical areas-create sp ecial management problems
when attempting to regenerate material in the U.5, Winter nurseries in
the Caribbean and southern 13.S. are often utilized for these growouis.
Prohibited Sorghum is now being handled in quaraniine nurseries at St
Croix, U.S. Virgin Islands.

_IBPGR funds research activites involving the development of preserva-
tion and propagative techniques for numerous non-seed commodities.
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Other research areas include ecogeographic studies, genetic stability in i
slow growth media and cryopreservation in vitro conservation of various
vegetatively propagated species, and disease indexing and therapy.
Numerous U.S. scientists have been and are involved with such projects.
Database management is an tncreasingly important activity of study,
training, and implementation by curators involved with IBPGR-
sponsored activities, Uniformity of descriptors, format and medium to
facilitate flow and interchange of information are important. In 1986 the
database was made available as an online opportunity for the IARCs.
Characterizing and recording highly heritable characters having
broadly-based stability are important activities of IBPGR. In 1986, some
42 projecis of this nature were sponsored and funded around the world. -
The Scientific and Technical Cooperative (STC) program of the USDA
Office of International Cooperation and Development (OICD) promotes
international cooperation in agriculture and forestry through short-term
(1--6 weeks) exchange visits of U.S, and foreign scientists (Off, Intern,
Coop & Develop. 1987}, OICD-5TC also coordinates one to three interna-
tional workshops/symposia per year on high priority topics of mutual
concern to two or more countries, Each year, OICD-STC negotiates a pro-
gram of activities with each cooperating country based on prop osals sub-
mitted by U.S. scientists, social scientists, and other specialists from
USDA agencies, universities, and private organizations. Proposals are
reviewed forpotential U.S. benefits, technical merit, and clarity of objec-
tives and work-plan. If proposals are approved by OICD and the foreign
government, OICD shares travel, per diem and some miscellaneous costs
with participants’ spensoring institutions, and provides adminisirative
support to planning the visit. Co-financing of workshops and symposia is
determined on a case-by-case basis. OICD-STC encourages activities
which combine participants from USDA, unlversities and private
organizations, Individuals and teams whose proposals are selected are
required to submit a detailed report within 60 days of the program’s

completion.
Participants on exchange visits generally undertake one ormore of the

following ativities:
; ® Exchange scientific, statistical and agroeconomic information and

i . data; ,
@ Collect unique resources such as germplasm or blological control

organisms, unavailable in the United States;
@ T.earn about special research, conservation and/or production tech-

niques and/or institutional structures;

@ Share new research findings; 7 .
Undertake field work and individual consultations on significant

problems facing the U.8. agricultural community;
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e Plan future’ collaborative work. -
Exchanges are not intended to cOVEE costs of sabbaticals or fo gupport

- gpecialists attendance at international meetings, conferences, or
- workshops not organized by 0I1CD-STC. The program does not cover
participants’ salaries. Through 0ICD, important bilateral efforts have
been undertaken with the Soviet Union, the People’s Republic of China,
and eastern block countries guch as Hungary, Poland, and Yugoslavia.
Cermplasm efforts involving scientists and germplasm oxchanges have
taken place with each.

Memoranda of {nderstanding have also been developed to promote
germplasim activities, Oné such memorandum with Mexico was
developed by the U.5. National Plant Cenetics Resources Board
{NPGRBJ and the Mexican government’s gecretary for Agriculture and
‘Water Development (SARH]}. Initiatives'to collaborate under the provi-
sions of the Memorandum areé based on the anderstanding that both par-
tigs are to penefit from the joint activity. ,

NPGSalso cooperates closely with the Soil Conservation gervice (8CS)
of USDA. 5C5 personnel are very active in testing domestic and foreign
i plant materials for potential use in soil and sand dune stabilization, wind

° breaks, wildlife food and shelter, beautification, and for other purposes.
Introductions from ahroad are brought in through AR5 flow channels.
Jtems, both foreign and domestic, Jeemed as having sufficient potential
for advanced evaluation or formal release are assigned PI anmbers and
incorporated into NPGS. Yaluable additions 10 NPGS especially of
forage species have resulted from these cooperative efforts. ARS and
S5CS are collaborating in cooperative plant seed regeneration at the Plant
Material Centers for RPIS needs. ‘ '

Training and Collections—JChanging technologies have increasingly
brought changes to the field of plant breeding. Pprivate industry has
agsumed .more and more of the Crop cultivar development activity.
Federal clements have appropriately ghifted into germplasm—related
activities of avaluation and enhancement on those commodities being
adequately developed by private industry. Many state universities which
have served as the training grounds for breeders forovera half a century
have signiﬁcanﬂy reduced breeding efforts as well asactive programs for
{raining breeders. As breeders have retired, there hasbeen not only a loss
fo the educational and training specirum but also io the germplasm and
breeding collections that have become orphans when prograis funds
were pedirected into new areas, One of the common areas into which
resources have been redivected became biotechnology: which although
untested, is attested to have 2 great future for crop improvement pro-
grams. Biotechnology has the potential of developing aseful tools for the
breeder and also could become one of the greatest users of plant
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germplasm a8 genetic material for unique characters is identified,
manipulated and re-incorporated into the same and otherspecies, Certain
breeder collections have been recognized as valuable resources to be
salvaged and preserved. Scientists with a knowledge of the material are
asked to aid in the evaluation and purging of the material since most
breeding collections consist of many groups of related lines. Some seed .
collections have been damaged by poor storage conditions and lack of
regenerafion during the transition period from the scientist'sretirementio

. the time of realization that the position would not be refilled. Ideally, the

retiring breeder should {dentily the most valuable items in the collection
and prioritize as best as possible the material to be preserved.

The NPGS has atiemptedto recognize important collections through an

imprecise “grapevine” in the assemblage of commitiees throughout the
system. Federal units have a clear mandate and collections are generally
recognized for their value asa result of the project review process, Less
easily accessed are those of minor crops maintained at state institutions
where there is little national recognition. Certain genetic stock collec-
tions are currently without a clear mandate as to their fufure, Genetle and
gytogeneiic stocks became most valuable in helping ascertain genetic
linkage maps aud evolved further as chemical and radiation mutation
studies identified new characters and chromosomal abberations.
Breeders have been major contributors to these collections as a result of
identifying and creating valuable genetic materials and linkages as they
combine useful genetic traits during the breeding process. As more
molecular techniques have become available to advance scientific
knowledge of the gene, the number of scientific positions available for
traditional genetics and breeding has been reduced. Traditional mapping
has heen deemphasized and has had to share stage with isozyme and
restriction fragment length polymorphism (RFLP)maps. Combined maps
which integrate the qualitative genetic characters, cytological markers
such as translocation breakpoints, and isozyme and RFLY markers,
which can possibly be associated with quantitative characters, will
greatly enhance the breeder's ability to incorporate and track useful fraits
Jeading to improved varieties.

- golutions must be forthcoming not only concerning support for the
traditional genetic and cytogenetic stock collections but also for those
collections with identified polymorphisms valuable to the biotechnology
community. Whereas the cytogenetic collections require painstaking
analysis to assure the veracity of a sample, the polymorphism collec-
tions require accurate DNA analysis. Each hasits unique effort and cost.
The NPGS, without a more structured national mandate for these collec-

. tions, has insufficient funds to supp ort the level of technology required to

maintain them properly. These collections represent the ultimate in
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knowledge about a species—genetically, cytogenetically and
chemically-—but because of this level of technical knowledge, they are
used by only a few specialists who represent a high-cost level of science.
support for these specialized collections competes poorly when limited
funds are distributed. The collections, most at state agricultural experi-
ment stations and universities, are not heavily used and this apparent
inactivity is a signal to administrators to reduce inputs and place the
funds on other activities, This dilemma must be resolved before some of
these valuable resources are permanently lost.

v, A LOOK 'TO THE FUTURE

The NPGS has evolved into an effective, nser- and mission-oriented
system, It will continue to transform itself over time into a more respon-
sive system through the interrelationships of the operational, advisory,
and support organizations. It must continue to respond to short and long
term management needs and problems that inelude financial resource
Lmitations, The NPGS must _develop improved methods to identify
duplicatory material, to efficiently store and regenerate materials, and to

- develop a nationwide base of adapted genetic materials for breeders, The
strength and future competitiveness of U.S. agriculture are dep endent on
the successful growth and operation of the NPGS,

The evolution of the NPGS will be directed by focus on user-oriented
activities., Although principle activities will involve responsible acquisi-
tion and curation of the genetic resources entrusted to it, it will need to be
pragmatic enough to identify the future needs of scientists, Research to
better characterize and preserve the valuable germplasm is essential.
New technologies will enable scientists to literally probe and identify the
genes representing the breadith of the diversity which so badly needstobe
preserved. Traits associated with each crop’s potential genetic
vulnerability such as cytoplasmic male sterile sources, vulnerable ver-
tical pathogen resistance, gene transfers of mutable traits, etc. must be
identified. Breeders involved in pre-breeding activities must provide a
diverse assortment of practical materials for commercial and public
breeders that will minimize a regions genetic risk. Seed research to under-
stand the physiology of viability to minimize storage losses must con-
tinue untll maximim practical efficiency in storage is attained.
Quarantine research fo identify and eliminate diseases in germplasm
caused by viruses, mycoplasms, and presently unidentified entities needs
to be conducted to identify exotic pathogens and ensure the plant health
of U.8. agriculture, Information systems such as GRIN must develop to
accomodate the increasingly complex user demands in a vapidly
changing technological world.
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The NPGS will be increasingly affected by the international issues
involving germplasm, environmental issues, and patents and laws affect--
ing the use, distribution, and ownership of germplasm, The international
community must be prepared to recognize the principle of reciproeity of
exchange under which the NPGS operates. The GSDA and NPGS make
all material freely available for research on a worldwide basis. Patent

" Jaws will not necessarily restrict the distribution but may affect the short

term utilization of patented germplasm, In general, patented material is
not held in the NPGS unless there is concern that the material may be

lost.

Users of germplasm must respond with a greater sense of respon-
sibility to preserve that which is useful, The private industry must help
identify materials containing valuable traits no longer considered
critically proprietary by the various companies and provide them to
NPGS for safeguarding for the future. Identification of what charac-
tertzes useful traits and genetic diversity is essential. Researchin thisarea
{s difficult and often subjective but answers will play an importantrolein

future germplasm management.
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